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Since its establishment year of 1990 AD Nepal Horticulture Society (NHS) has been working with objectives 
as specified to enhance public awareness towards the importance of horticulture, to support government/non-
government organizations in planning and implementing horticulture development programs, to encourage 
horticulturists and recognize their contributions in developing horticulture sector in the country, to develop a 
strong work ethics in horticulture, to promote horticulture as an integral part of environmental conservation 
activity, to develop linkages with related national and international institutions /organizations/societies, and to 
create conducive environment for horticulture development in Nepal. There are altogether 285 members working 
in different government and non-government organizations as well as private sectors by developing their own 
farm or agribusiness all over the country and supporting the NHS work from their own working station. The 
society is involved mainly in the dissemination of technology through its various publications i.e. Nepalese 
Horticulture (Journal), Proceedings, books etc., organization of seminar/workshop/conference/talk programs 
on horticulture, arrangements of awards to the best fruit grower, best vegetable grower and scholarships for 
excellence in horticulture education (MSc. Ag) to encourage and recognize horticulturists. 

NCFD, DoA, Kirtipur, Kathmandu, Nepal; https://ncfd.gov.np/

National Centre for Fruit Development (NCFD) was established in the Nepalese calendar year 2075 B.S. 
following the restructuring of Department of Agriculture (DoA). The centre is a federal focal unit working under 
DoA and is responsible for the federal affairs including federal policy and regulation related to horticulture 
sector especially fruit sub-sector. NCFD has been implementing a countrywide program for the promotion of 
fruits, coffee, tea, flowers and other horticultural crops by providing technical services, data updating, saplings 
distribution, supervision, monitoring, coordination and guidance for the fruit development program at the 
National, Provincial and Local Levels.  
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Nepalese agriculture has long been a major source of livelihoods and employment. The 
agricultural sector has significantly contributed to the national economy. Realizing its 
importance, the Government of Nepal has given its utmost priority to this sector in its 
policy provisions and has recognized it as a major pillar of economic development in
all the periodic plans as well as the current sixteenth national plan.

Citrus fruits-specifically lime, lemon, mandarin orange, and sweet orange-are among
the key and the most commonly cultivated agricultural commodities in Nepal. Citrus 
farming stretches from the eastern to the western regions and terai to mid-hills of 
Nepal. Most Nepalese are familiar with citrus cultivation, their varieties, taste, and 
importance, which is also deeply integrated to our rituals and culture.

Nepalese mandarin is quite popular due to its unique blend of sugar and acid. I believe 
mandarin orange is one of the widely consumed fruits in Nepal supported by our own 
domestic production, specifically in the hilly areas with their specific qualities. There 
exists a great potential to produce and export unique quality Nepalese mandarin to 
neighbouring countries. Realizing the importance and scope, the Government of Nepal 
has declared the mandarin orange a national fruit in my own prime ministership on 12 
April, 2024. The Government of Nepal is committed to taking the necessary efforts and 
initiatives for the promotion of this crop to the next level.

I would like to congratulate the officials, experts, and scientists for their initiatives to 
publish such a valuable and comprehensive book. Appreciation goes to the National 
Centre for Fruit Development and Nepal Horticulture Society for their efforts to 
incorporate all aspects of mandarin orange in a single book. I regard this book as a 
national document that could be used by development planners to formulate 
appropriate plans and programs for the promotion of citrus in Nepal. I hope this 
compendium will be equally useful to growers, researchers, students, and agriculturists 
who work in citrus.

Finally, I wish all the success for the publication of this compendium.
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शशुभुभककााममननाा  ससन्न्ददेेशश 

नेपालमा सनु्तला आर्थिक, सामाजिक, रोिगारी, लगाएतका दृष्टीकोणबाट अन्य फलको तलुनामा अग्र 
स्थानमा रहेको छ। सनु्तला नेपालको मध्यपहाडी क्षेत्रको एक प्रमखु फलफूल हो। कृषि क्षेत्रको 
कुल ग्राहस्थ उत्पादनमा सनु्तलाको कररव १ प्रर्तशत योगदान रहेको सन्दभिमा यसको षवजशष्ट महत्व 
छ। गणुरस्तरीय नेपाली सनु्तला उत्पादन गरी षवश्व बिारमा षवशेि पषहचान बनाउन सषकने बर्लयो 
सम्भावना रहेको छ। 

नेपाल र चीन सरकारबीच नेपालको सनु्तला चीन र्नयाित गने सम्झौता समेत भएको 
पररवेशले गदाि देशलाई सनु्तलामा आत्मर्नभिर बनाउँदै आयात प्रर्तस्थापन र र्नयाित प्रवर्द्िन गनि 
सषकने फलफूल बालीका रुपमा षवकास गनि आवश्यक देजखन्छ। यसै सन्दभिमा राषिय फलफूल 
षवकास केन्रको अगवुाईमा सनु्तला बालीको ईर्तहास, संस्कृर्त, परम्परा र षवर्भन्न वैज्ञार्नक 
आयामहरुको अध्ययन षवश्लिेणबाट सनु्तलालाई राषिय फल घोिणा गररएको छ।  

राषिय फलफूल षवकास केन्र, कीर्तिपरु र नपेाल हषटिकल्चर सोसाईटी खमुलटार, लर्लतपरुको 
संयकु्त आयोिनामा १४ औ राषिय बागवानी सम्मेलन, २०८१" "Unveiling Nepal's mandarin 

orange wealth: From origin to prosperity" अथाित "नेपाली सनु्तलााः उत्पजिदेजख समषृर्द्सम्मको 
अनावरण" भन्ने भावका साथ सम्पन्न भएकोमा अत्यन्त खशुी लागेको छ। सो सम्मेलनमा प्रस्ततु 
गररएका अध्ययन अनसुन्धान तथा तथ्यहरु समेटी सनु्तला फलफूल षवशेि कम्पेजन्डयम प्रकाशन हनु 
गईरहेको सन्दभिमा म राषिय फलफूल षवकास केन्रलाई षवशेि धन्यवाद ददन चाहान्छु। त्यसैगरी 
उक्त कम्पेजन्डयममा योगदान गनुिहनुे सम्पूणिप्रर्त आभार प्रकट गनि चाहान्छु। यस कम्पेजन्डयमले 
आगामी ददनमा सनु्तलालाई अन्तराषियस्तरमा पषहचान ददलाई आनवुाजशिक श्रोतका लार्ग आर्धकारीक 
प्रमाण िटुाउन सहयोग पगु्ने तथ्य तथा तथ्याङ्क समेट्ने षवश्वास र्लएको छु। आउँदा ददनहरुमा 
सनु्तला बालीको अध्ययन, अनसुन्धान, सरंक्षण र षवकासका कायिहरुलाई एषककृत रुपमा अगाडी 
बढाउन पर्न यो कम्पेजन्डयम सहयोगी हनुे अपेक्षा गरेको छु। 

  
  
 मा.ज्वाला कुमारी साह 

 मन्त्री 
 कृषि तथा पशपुन्छी षवकास मन्त्री 
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MESSAGE 
 

Mandarin Orange, the national fruit crop of Nepal, is one of the geographically popular, 
environmentally friendly and economically better remunerative fruit crops in the mid-hills of 
Nepal. Farmers are encouraged in its commercial production through various government 
support programs as well as own initiatives in the country. Being a high value crop, it has been a 
priority fruit for the mid-hills of the country. The trend of coverage, production and yield show 
an encouraging result. However, the current level of production of this crop still lags behind to 
meet the national demand. Further, attaining quality production and minimizing post-harvest 
losses are another challenge. To increase the yield and total production, and develop 
postharvest facilities, more coordinated efforts are required in the research and development of 
mandarin orange through the national fruit development center in coordination with relevant 
stakeholders.  
This compendium in itself is a substantive resource book for understanding mandarin orange, its 
importance and efforts done in its promotion in Nepal. Scattered knowledge, experience, 
feelings and various information of research and development activities on mandarin orange 
have been brought together and documented coherently. I hope this compendium will certainly 
fill the gaps and direct the way forward for different stakeholders in the promotion of mandarin 
orange in the country. I congratulate National Fruit Development Center, Kiripur and Nepal 
Horticulture Society, Lalitpur for organizing national conference on Horticulture that provided 
foundation for this compendium. I also express sincere appreciation to all the contributors of 
compendium and team members for their endless efforts to finetune compendium. 
 
Thank You 
June, 2024 
 
 ………………………………………… 
 Dr. Govinda Prasad Sharma 
 Secretary 
 Ministry of Forests and Environment 
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A compendium is a collection of concise but detailed information of works done in a particular subject. Here we 
have tried our best to prepare a compendium on Suntala (Nepalese mandarin orange) covering its importance 
manifested by its recognition as the “National Fruit” of the country, including its historical, economical and 
developmental perspectives as well as some efforts made in different sectors for its increased production and 
promotion. Suntala is one of the native fruits of Nepal which is very popular table fruit from time immemorial 
and hence is cultivated throughout the country.

According to the agricultural statistics of Nepal for the fiscal year 2022/023, the total area covered by Suntala 
is 28,451 hectares (ha) out of which only 19,897 ha (70%) is productive area with a total production of 198,779 
tons (t) and an average yield of 9.99 t/ha. Suntala is grown in 66 districts out of the 77 districts from East 
to West and North to South thereby making it the most widely cultivated fruit crop in the country. This fruit 
alone contributes about 1% to the agricultural GDP of the nation. It has greatly contributed in improving the 
livelihoods of the people residing in the hilly areas the country. Additionally, it has nutritional, social, cultural, 
historical, environmental importances. It is our invaluable biological asset that contributes immensely to the 
nation’s biodiversity and is a strong agriculture produce for geographical indication.

Nepalese Suntala has superior taste and other unique qualities as compared to the mandarin oranges produced in 
other countries. Despite having a lower level of production compared to other countries, Nepal has made steady 
progress in production of this fruit in recent years. The government should emphasize more on research and 
development and align its policies and programs to further enhance this sector's growth in line with its enormous 
potential. Being an interdisciplinary sector, it requires involvement of multiple stakeholders for which there 
is a need of integrated approach at international, national and subnational level program implementation in a 
coordinated manner.

This compendium comprises of articles presented during the 14th National Horticulture Seminar jointly organized 
by the National Centre for Fruit Development and the Nepal Horticulture Society, some information obtained 
from the senior horticulture experts, poems, and pictures wherein as many aspects of Suntala as possible have 
been documented. I express my sincere deep gratitude to all the authors, reviewers and editors who have worked 
tirelessly to bring this publication at hand. 
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PREFACE 

 

 
Mandarin orange has been well established in the agro-ecological zone of entire mid-hills of Nepal. 
From the very beginning of development plan, mandarin orange has been accorded high priority in 
government's fruit development program.  The Compendium of Mandarin Orange  is the outcome of 
the 14th National Conference on Horticulture held on  12-13 Baishakh, 2081 (24-25 April, 2024) in 
the Warm Temperate Horticulture Center, Kirtipur, Kathmandu with the theme of "Unveiling 
Nepal's Mandarin Orange Wealth: From Origin to Prosperity"  which   was  organized by Nepal 
Horticulture Society, Lalitpur  and the National Centre of Fruit Development(NCFD), Kirtipur in 
collaboration with   National Centre for  Potato, Vegetables, and Spices Crop Development, Kirtipur. 
Publication of the compendium has been visualized in light with the declaration of mandarin orange, 
as the national fruit of Nepal, a significant milestone in the country's history of fruit development. 

An effort has been made to cover the wider aspects of Nepali mandarin orange (Suntala) to present 
it as a valuable resource book of mandarin orange. There are five chapters in the compendium with 
45 articles, complemented by photographs. The first chapter deals with the history, traditions, socio-
cultural aspects of mandarin orange in Nepal. The second chapter unfolds science and technology 
aspects of mandarin orange, Biodiversity and Conservation. The third chapter dives into mandarin 
orange’s value chain and marketing. The fourth chapter provides a comprehensive overview of 
policy tools and development initiatives governing mandarin orange. The fifth chapter," 
Miscellaneous" provides, Bhajan and poem on mandarin orange; experience of honorable 
horticulturists working with mandarin orange in their service periods and status of Mandarin orange 
in Lumbini Province followed by the final chapter of photo gallery. 

I am profoundly thankful to authors, reviewers, editor in chief and members of the editorial 
committee and all the contributors who have played an important role to prepare this compendium 
in this form. My sincere thanks go to our senior horticulturists for providing their experience sharing, 
encouragement and good wishes. I hope this compendium will be very useful to horticulture 
researchers, planners, development workers, students and many others who are involved in this 
sub-sector and also it contributes a lot in the promotional and developmental activities of mandarin 
orange in the country. 

 
June 2024 …………………………. 
 Gopal Prasad Shrestha 
 President 
 Nepal Horticulture Society, Lalitpur 
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ahf/df hfg g;s]sfnfO{ ;+sng u/]/ Value Addition 
ug]{ k|aGw ldnfcf];\ .

hfkfg hfFbfsf] Ps ;Demgf 5, ;T;'df ;'Gtnf aLp 
gePsf], af]qmfaf6 Orange Oil, af]qmfsf] leqL efuaf6 
cNj]8f] / af]qmf ;'sfP/ s'v'/fsf] bfgf ld;fP/ pkof]u 
ul/G5, s'g} v]/ hfFb}g . ;+v'jf;efdf dfq ;'Gtnfsf] 
h+un} 5 . ;'Gtnf v]tL k"j{b]vL klZrd;Dd km}lnPsf] 
kxf8L If]qdf s[ifssf] hLjg:t/ p7fpg ;xfos x'G5 
eGg] dnfO{ k"0f{ ljZjf; 5 .

wGojfb .

lzj axfb'/ g]kfnL k|wfg
k"j{ dxflgb{]zs

s[lif ljefu, xl/x/ejg, nlntk'/

g]kfnsf d'w{Go afujfgL lj1x?sf] 
cg'ej ;+u|x
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lj=;+=@)#) ;fnsf] z'?jftdf g]kfnsf] ;'Gtnf 
v]tLsf] cf+lzs ;e]{If0f x'Fbf ;+v'jf;ef 

lhNnfsf] pQ/L If]qdf kg]{ dfËt]jf eGg] ufpFsf] h+undf 
;'Gtnfsf] s]xL af]6x¿ b]lvPsf] lyof] . o; tYoaf6 
g]kfn klg ;'Gtnfsf] pTklQ :yfg ePsf] eGg ;lsG5 .

cf=j= @)#)÷#! b]lv ;/sf/L kmnkm"n au}Frfsf] ;fy} 
lglh If]qsf ls;fgx¿n] g;{/L :yfkgf u/L ljleGg 
kmnkm"nsf af]6lj?jf pTkfbg ul/ b]zsf kmnkm"n 
pTkfbg sfo{qmd ;~rfng x'Fb} cfPsf] 5 .

lj=;+= @)#& ;fn b]lv @)$* ;Dd kmnkm"n ljsf; 
zfvf sLlt{k'/sf] k|d"v eO{ sfd ubf{ &% lhNnfx¿df 
kmnkm"n ljsf;sf] sfo{qmd th{'df tyf ;~rfngsf] 
nflu lhNnf s[lif ljsf; sfof{nox¿nfO{ cfjZos 

kg]{ tflnd tyf 
k|fljlws ;Nnfx 
pknAw u/fpg] 
sfo{qmd ;~rfng 
x'Fb} u/]sf] lyof] . 

d]/f] ;'emfj

/fli6«o ;'Gtnfhft 
kmnkm"n sfo{qmdnfO{ 
k|efjsf/L tl/sfn] 
;~rfng ug{ 5'§} lgsfosf] ?kdf ;~rfng ug{ pko'Qm 
b]lvG5 . ;'Gtnf /fli6«o kmnkm"n ePsf]df Hofb} v'zL 
ePsf] 5' . ;'Gtnf sfo{qmd ;~rfnsx¿nfO{ xflb{s 
wGojfb tyf z'esfdgf .

kbd k|;fb >]i7
k"j{ ;+of]hs

/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/, sf7df8f}+
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;a}df d]/f] xflb{s gd:sf/ . g]kfn ;/sf/n] 
;'GtnfnfO{ /fli6«o kmn 3f]if0ff u/]sf]n] dnfO{ 

w]/} v'zL nfu]sf] 5 . h'g sfo{df xfdL klxnf b]lv g} 
k|of;/t lyof}F . o;sf nflu of]ubfg k'¥ofpg'x'g] ;a}nfO{ 
w]/} w]/} wGojfb lbg rfxG5' . 

O{;f k"j{ $))) jif{b]lv g} ;'Gtnfsf] v]tL x'Fb} cfPsf] 
cg'dfg / dfGotf 5 . O{=k"= @))) b]lv g} rLgdf o;sf] 
v]tL ePsf] eGg] s'/f lrlgofF u|Gyx¿df pNn]v ePsf] 
kfOG5 . ;'GtnfnfO{ Mandarin Orange elgG5 . 
Mandarin lrlgofF zAb xf] . o;sf] pTklQ rLgsf] blIf0f–
k"j{ If]qdf ePsf] / zfg j+lzo dflg;x¿sf] a;fO{;/fO{ / 
Jofkf/sf] qmddf oxfFaf6 g]kfn / ef/tsf ljleGg If]qdf 
;'Gtnf klg k'u]sf] a'lemG5 . ;g\ !*() df g]kfn e|d0f 
cfPsf Citrus sf rlr{t j}1flgs af]lgleof a'6jn 
k'Ug'ePsf] /x]5 . ToxfF cw{ h+unL cj:yfdf ;'Gtnfx¿ 
b]Vg' ePsf] s'/f] pNn]v ug{' ePsf] 5 . To;kl5 ;g\  
!(@( df l;6«;sf] vf]hdf j}1flgs Tanaka e|d0fdf 
oxfF cfpFbf ;'Gtnf g]kfnsf] Indigenous Fruit eg]/ 
k'i6\ofO{+ ug{'ePsf] lyof] . cfh eGbf () jif{ klxnf 
;+v'jf;efsf] dfËt]jf eGg] 7fpFdf ;'Gtnfsf] h+un} 
b]lvGYof] . l:j6 c/]Gh -Sweet Orange_ klg olx 
lsl;dn] pTklQ eO{ km}lnPsf] xf] . Sweet Orange df 
df};dL, dfN6f, h'gf/ cflb kb{5g\ . Sweet Orange x¿ 
dWo] h'gf/nfO{ g]kfndf pTklQ ePsf] dfGotf lbG5f}F . of] 
k|fs[lts ?kdf df};d / ;'Gtnfsf] k/fu ;]rgsf] k|ltkmn 
xf] . of] ef/tdf kfOFb}g .

lj=;+=@)!( ;fndf afujfgL uf]i7L ePsf] lyof] hxfF 
wgs'6f l;6«; cg';Gwfg s]G›sf k|fljlws >L hgsb]j 
zfSon] h'gf/ lnP/ cfpg'ePsf] lyof] . ;f] sfo{qmddf 
s[lif dGqfnoaf6 k|ltlglw cfpg'sf ;fy} w]/} lj1x¿sf] 
;xeflutf lyof] . ;f]xL k|sf/sf kmn kxf8L If]q -l;Gw'nL 
lhNnf_ af6 hgsk'/sf] ljjfx k~rdL d]nf -d+l;/_ df 
cfPsf] b]lvG5 egL d}n] eg]F . lj=;+= @)@) ;fndf 
ef/tLo /fhb"tsf] ;xof]udf hgsk'/ afujfgL kmfd{sf] 

:yfkgf eof] . To;kl5 
l;Gw'nLdf h'gf/sf] 
;j]{If0fsf nflu tLg 
lbg;Dd h+un / 
vf]nfsf] af6f] lxF8]/ 
uOof] . l;Gw'nLsf] 
vlgofFvs{ / /tgr'/fdf 
s[ifssf] 3/af/Ldf 
h'gf/ pTkfbg e}/x]sf] 
e]l6of] .

klxn]sf ljz]if1x¿n] s] s] ug{'eof] < 

x/]s k~rjlif{o of]hgfx¿ cg';f/ clt sl7g cj:yfdf 
sfo{of]hgfx¿ agfOGYof] / sfof{Gjog u/fOGYof] . lj=;+= 
@)@( ;fndf s[lifsf] gofF ;+u7gfTds ;+/rgfsf] 
lgdf{0f ePkl5 To;df afnL ljsf; sfo{qmdx¿n] 
k|fyldstf kfP, aLp pTkfbgdf cfTdlge{/tf xfl;n 
ug]{ klg ;dfj]z ul/P . s[lif tkm{ wfgafnL, ux'FafnL 
nufot cGo afnL, kz'kfng, dT:o cflb sfo{qmd tyf 
afujfgL tkm{ kmnkm"n ljsf;, ;'Gtnf ljsf;, t/sf/L 
afnL ljsf;, cfn'afnL ljsf;, d;nfafnL ljsf; 
nufotsf sfo{qmdx¿ ;dfj]z ul/P . o; k|sf/n] x/]s 
afnLsf nflu cnu sfo{qmd cfpFbf kmnkm"n dWo] 
klg ;'Gtnfn] 5'§} klxrfg / k|fyldstf kfP/ csf]{ ult 
kfof] . afujfgL lj1 kbdk|;fb >]i7 Ho"  kf]v/fdf o;sf] 
sfof{no :yfkgf / k|f/lDes sfo{x¿ ug{'eof] . d]/f] klg 
sLlt{k'/af6 ;?jf eO{ afujfgL cg';Gwfg s]G›, kf]v/fdf 
kb:yfkgf eof] . Ps jif{ kl5 lj=;+= @)#) ;fndf 
k'gM kf]v/faf6 kmnkm"n ljsf; sfo{qmd ;~rfng ug{ 
sLlt{k'/ -sf7df8f}F_ df ;?jf eO{ cfPF .

/fli6«o of]hgf cfof]usf] ah]6 tyf sfo{qmd lgdf{0f / 
;~rfngaf/] s[lif dGqfno ;lxtsf ;a} kbflwsf/L 
a;]/ lj=;+= @)#! ;fndf s[lif ;fdu|L ;+:yfg, 6]s"sf] 
;efxndf a}7s ePsf] lyof] . ToxfF  cGgafnL -vf;u/L 

g]kfnsf d'w{Go afujfgL lj1x?sf] 
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ux"F_ sf] aLp pTkfbgdf cfTdlge{/ x'g] nufotsf 
ljifo p7]kl5 d}n] kmnkm"n la?jf pTkfbgdf klg lsg 
cfTdlge{/ gx'g]< eg]/ k|:tfj /fv]F . o; s'/fnfO{ klg 
k~rjlif{o of]hgfdf /fVg'k5{ eg]/ k|:tfj /fv]F, Tof] 
:jLs[t eof] . lj=;+= @)#@ ;fndf s[lif jif{–@)#@ 
sfo{qmd z'? eof] . lj:tf/} &% lhNnfd} lghL :t/df 
g;{/L :yfkgf z'? eof] . kmnkm"n la?jf pTkfbgsf] nflu 
g;{/L tflndx¿ ;~rfng eP . 

lj=;+= @)#$ ;fndf hfkfgL ;xfotfdf ;+rflnt 
hgsk'/ c~rn s[lif ljsf; of]hgfdf d]/f] ;?jf eof] . 
o; of]hgf cGtu{t /fd]5fk, l;Gw'nL, wg'iff, dxf]Q/L / 
;nf{xL lhNnf kb{Yof] . of] dWo] dflyNnf] e]udf l;Gw'nL 
/ /fd]5fk kb{Yof] hxfF ;'Gtnf / h'gf/ v]tL 3/af/L 
:t/df eO{/x]sf] lyof] . ltgtfsf s[lif dGqfnosf ;lrj 
x'g'x'GYof] >L j]b axfb'/ v8\sf . pxfFn] tLg jif{df 
@))) -b'O{ xhf/_ /f]kgL hldgdf h'gf/ nufpg'k5{ eg]/ 
7"nf] cleofgs} ?kdf sfo{qmd ;~rfng ug]{ 3f]if0ff 
ug{'eof] . of] sfo{qmd -nIo_ ;Dej 5, t/ qmlds ?kn] 
x'g] ePsf]n] tf]s]sf] eGbf s]xL a9L ;do nfUg ;Sg] 
/fo Janakpur Agriculture Development Project 
(JADP) df hfkfgL / g]kfnL lj1x¿sf] ;+o'Qm a}7sdf 
/fo JoQm u/]sf] lyPF . To;kl5 k|fyldstfsf ;fy 
;'Gtnf / h'gf/sf] sfo{qmd ;~rfng ul/P . JADP sf] 
cu'jfOdf s[lif ljsf; a}Fs, s[lif ljsf; sfof{no Ps 
l9Ssf eO{ sfo{qmd tLa| ultn] ;~rfng eof] . /fd]5fk 
/ l;Gw'nL lhNnfdf !!÷!! j6f lghL g;{/Lx¿ :yfkgf 
eP h;af6 ?6:6s la?jf, sndL la?jf / aLh' la?jf 
;d]t pTkfbg ug]{, sl6Ë–u|fˆ6 ljlwaf6 klg sd ;dodf 
sndL la?jf pTkfbg ug]{ lsl;dsf sfo{qmdx¿ ;~rfng 
ul/P . k|To]s !% lbgdf lt g;{/Ldf Ps hgf k|ltlglw 
k'Ug'kg]{ / s[lif ljsf; a}Fsn] ynf]df uO{ s[ifsnfO{ C0f 
nufgL ug{'kg]{  lgoldt ?l6g agfP/ sfd ul/of] . o;/L 
h'gf/ / ;'Gtnf b'a}sf sfo{qmdx¿ ;~rfng eP . 

;'Gtnfhft kmnkm"nsf] ljsf;sf] nflu lj=;+= 
@)$! ;fndf dnfO{ /fli6«o ;'Gtnfhft afnL ljsf; 
sfo{qmdsf] k|d'v kbdf wgs'6f k7fOPkl5 ToxfFaf6 klg 
clw/fHoel/sf] nflu ;'Gtnf, h'gf/ / g;{/L sfo{qmd 
;~rfng u/]F . To;} qmddf wgs'6fsf] vf]s', wflbËsf] 

:ofb{'n w';fdf g]kfnsf] ;'Gtnfsf] hft klxrfg s] xf] < 
7fpF cg';f/sf] 5'§f5'§} ;'GtnfnfO{ s] cfwf/df klxrfg 
ug]{ < ;fy} pRr u'0f:t/sf] ;'Gtnf / h'gf/sf] af]6x¿ 
klxrfg ug]{  cWoog sfdx¿ ul/of] . vf]s' / :ofb{'ndf 
b'O{–b'O{ jif{ cWoog u/]F . l;Gw'nLdf ;'Gtnf / h'gf/df 
hfkfgLh k|fljlws tf]ldof;' / csf{ lj1 ;'/]z s'df/ 
jdf{hLn] klg cWoog ug{'ePsf] lyof] . 

cWoog ubf{ af]6sf] kmNg] Ifdtf, kmnsf] cfsf/ k|sf/, 
af]qmfsf] df]6fO{, aLpsf] ;+Vof, kmnsf] tf}n, /; / afFsL 
efusf] cg'kft, /;sf] u'lnof]kgf -Brix_ cflb ul/Psf] 
lyof] . of] b'O{ jif{sf] cWoog kZrft\ pRr u'0f:t/sf] 
kmn lbg] af]6af6 sndL la?jf tof/ u/L wgs'6f l;6«; 
kmfd{df g;{/Ldf nufPsf] lyPF .

To;a]nf ePsf ;a} cWoog l/kf]6{ / ;fdu|L clxn] 
;Dd klg d;Fu ;'/lIft /fv]sf] 5' . ltgnfO{ s;/L / s'g 
a]nf, s;nfO{ x:tfGt/0f ug]{ < s;/L k|sfzg ug]{ < 
k|ltj]bgsf ;fy t:jL/ klg -aLp, kft, ljleGg cfsf/–
k|sf/sf kmnx¿_ d;+u ;'/lIft g} 5g\ . cWoog ul/Psf 
s] slt af]6 d/] jf afFr]sf xf]nfg\ eGg] hfgsf/L lng 
xfn;Dd To;tkm{ hfg kfPsf] 5}g .

clxn]sf ;a} afujfgL lj1x¿nfO{ d]/f] cg'/f]w 5 ls lo 
cWoogx¿nfO{ s'g lsl;dn] k|dfl0ft ug{ ;lsG5 o; 
tkm{ kfOnf rfNg'k5{ eg]/ ;Nnfx lbg rfxG5' .

;'Gtnf /fli6«o kmn 3f]if0ff eO;s]sf] o; 3l8df ;a} 
afujfgL lj1x¿nfO{ cg'/f]w 5 ls 7fpF cg';f/ o;sf] 
hftLo klxrfg -Tof] 7fpFsf] ;'Gtnf of] xf] eg]/_ ug{ 
;lsg] u/L Joj:yf ug{'eP w]/} /fd|f] x'g] lyof] . o;sf] 
nflu g]kfn xl6{sNr/ ;f];fO6Ln] klg e"ldsf v]Ng'kg]{ 
cfjZostf 5 . olsg eO;s]sf af]6af6 l6:o'sNr/af6 
eP klg /f]ud'Qm agfP/ la?jf j[l4 u/]/ n}hfg ;lsof];\ 
eGg] d]/f] ;'emfj, ;Nnfx / cfu|x 5 . 

;a}df w]/} w]/} wGojfb .

/fd abn ;fx
k"j{ k|d'v

/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/, sf7df8f}+



xvi
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

;'Gtnf eGg] ljlQs} ;j{dfGo ?kdf ;a} g]kfnLx¿n] 
b]v]sf], hfg]sf], vfPsf] kmn xf] of] . ;'Gtnf g} o:tf] 

kmnk"mn xf] ls of] ul/a b]lv wgf9\o ju{sf klg ;a}n] vfPsf] 
x'G5 . g]kfnsf] cfˆgf] pTkfbg wgs'6fsf] vf]s' l5GtfË 
b]lv g]kfnsf] dWo–kxf8L efu kf]v/f b]lv klZrdf~rnsf] 
a}t8L lt/ klg v]tL x'g] u/]sf] 5 . k|foMh;f] wgs'6f, ef]hk'/, 
t]x|y'd, :ofËhf, sf:sL / kfNkf lt/ Jofj;flos ?kdf v]tL 
e}/fv]sf] 5 . c¿ 7fpFdf klg al9/x]sf] 5 . u08sL k|b]z, 
n'lDagL k|b]z, s0ff{nL k|b]z / ;'b"/klZrd k|b]zsf] b}n]v, 
b'Nn'df klg ;'Gtnfsf] Jofj;flos v]tL e}/fv]sf] b]lvG5  .  

ckml;hgdf ef/taf6 cfoft klg x'g] u/]sf] b]lvG5 . t/ 
l;hgdf rflxF wgs'6f, w/fg nufotsf If]qaf6 ef/tdf 
a9L lgof{t x'g] u/]sf] 5 . a'6jnaf6 klg ef/tdf lgof{t 
x'G5 . jf:tjdf xfd|f]df 7fpF 7fpFdf sf]N8:6f]/x? t 5g\ t/ 
sf]N8:6f]/df /fVg] rng gePsf]n] ckml;hgdf ef/taf6 
cfoft x'g] u/]sf] xf] .

g]kfndf ;'Gtnf pTkfbgsf nflu wgs'6f, kf]v/f 
cf;kf;sf If]q g} d'Vo ynf]sf ?kdf dflgFb} cfPsf] 
kfOG5 . cr]n b]zsf c¿ 7fpFdf klg Jofj;flos v]tL 
a9\b} uPsf]n] l;hgdf lgof{t klg a9\g ;s]sf] kfOG5 .  
g]kfndf ;'Gtnfhft kmnkm"n v]tLsf] ljsf; ug]{ eg]/ g} 
g]kfn ;/sf/n] to u/]sf] ljleGg sfo{qmdx¿ rf/ kfFr 
jif{;Dd rNof] . kl5 To;nfO{ lg/Gt/tf lbg g;s]kl5 k|j4{g 
sfo{qmd gx'Fbf o;sf] pTkfbgdf k5fl8 ;/]sf] h:tf] dnfO{ 
nfU5 . d cfkm}F klg hflu/] cjlwe/L z'? b]lv cjsf; 
x'Fbf;Dd ;'Gtnfd} sfd u/]sf] eP/ ;'Gtnf, sfutL, h'gf/ 
a9L pTkfbg ug]{ sfo{qmd ;~rfnfg ug{ ;s]sf] v08df 
xfd|f ls;fgx¿n] al9 cfDbfgL kfpg] lyP  . sfutLdf klg 
ckml;hgdf sfutLsf s]xL cfoft ul/G5  . t/ w]/} h;f] 
xfd|f] pTkfbg g} vkt e}/fv]sf] b]lvG5  . 

;/sf/n] k|fyldstf lbP/ of]hgf agfpF5 t/ of]hgf 
cg';f/sf] sfof{Gjog rflxF ePsf] b]lvPg . vf; u/L 
g]kfndf ;'Gtnfdf b]lvPsf] lu|lgË /f]ux¿n] ubf{ klxnf w]/} 
;vfk e};s]sf] lyof] . vf;u/L kf]v/f, sf:sLsf] jl/kl/ 
;vfkm e};s]sf] lyof] . kl5 c? c¿ If]qdf klg x|f; x'Fb} 
uPsf] b]lvPsf] lyof] . a]nf a]nfdf o;/L c¿ klg /f]ux¿ 
b]vf kb}{ cfO/fV5 . ;'Gtnfdf bL3{sfnLg cg';Gwfg gePsf] 
eGg ;lSbgF t/ sdhf]/ eP h:tf] nfU5 . ;'Gtnfhftsf] 
cg';Gwfgdf alnof] 6f]nL ;dfj]z ug{'k¥of] . lghfdtL 

;]jfdf ;'Gtnfhftdf 
sfd u/]sf] / cg'ej 
k|fKt e};s]sf] JolQmnfO{ 
cGo If]qdf ;?jf 
u/fpg] / c? If]qsfnfO{ 
;'Gtnfhft cg';Gwfgdf 
;?jf u/L Nofpg] cl:y/ 
;¿jf k|0ffnLn] ubf{ 
k|efjsf/L glthf cfpg 
;s]sf] 5}g . ;'Gtnfhftdf 
cg'ej ePsf] JolQmsf] 
of]ubfg o;}df ePsf] eP 
/fd|f], ljsf;df ;xof]u k'U5 eGg] nfU5 . c¿ If]qsf JolQmn] 
cg'ej ug{ ;do nfU5 . 

csf]{ tkm{ ls;fgx¿nfO{ afF8\g] la?jf st} aLh' la?jf tyf 
st} rflxF sndL la?jf klg ljt/0f e} cfPsf] kfOG5 . 
ljZjdf k|foMh;f] ;'Gtnf, h'gf/sf la?jfx¿ ;a} sndL 
u/]sf], h'g rflxFdf h/fsf] efu / dflysf] efu cnUu} 
x'G5 . dflysf] efudf ;'Gtnf, h'gf/ x'G5, h/fsf] efu rflxF 
df6f]df x'G5 . h/fsf] efudf df6f]af6 x'g] /f]ux¿ k|lt/f]w 
ug]{ hftsf alnof] vfnsf] ?6:6ssf] k|of]u u/]/ sndL 
la?jfx¿ ljt/0f ul/Psf] v08df xfd|f] pTkfbgdf a9f]Q/L 
x'g;SYof] ls h:tf] nfU5 .

Ps 7fpFaf6 csf]{ 7fpFdf la?jfx¿ n}hfg kfpFb}g eGg] 
s'/f ;/sf/L lgoddf klg 5, t/ ;'Gtnfsf af]6x¿ Pp6f 
lhNnfaf6 csf]{ lhNnfx¿df hfFbf Pp6f lhNnfsf] /f]u 
csf]{ lhNnfdf klg hfG5 . o;/L lhNnflkR5] af]6 dfq} 
xf]Og To;df x'g] /f]u tyf sL/fx¿ a9\b} hfg] x'gfn] /f]u 
sL/fx¿ km}lnFb} hfG5 . h;/L kf]v/fdf ;'Gtnfhft x|f; 
-Decline_ eof], / kf]v/f kmfd{af6 ljleGg lhNnfdf 
k7fOPsf la?jfaf6 c¿ lhNnfdf klg /f]ux¿ ;b}{ uof] . 
To;}n] ls;fgx¿nfO{ ;s];Dd ;'Gtnfhft If]q -Citrus 
Zone_ :yfkgf u/]/ g]kfne/Lsf k|b]zx¿df h'g If]qdf 
pTkfbg ePsf] la?jf xf] ;f]xL If]qd} ljt/0f ug]{, csf]{ 
If]q -Zone_ df ghfg] ugf{n] Pp6f lhNnfsf] /f]u csf]{ 
lhNnfdf ;g{ kfpFb}g . ;+;f/df /f]u sL/fx¿ o;/L la?jfaf6} 
a9L ;g]{ ;Defjgf x'G5 . o;nfO{ g]kfn ;/sf/n] Wofg 
lbPsf] v08df ;'Gtnf pTkfbgdf ;xof]u k'U5 h:tf] nfU5 .

wGojfb .

g]kfnsf d'w{Go afujfgL lj1x?sf] 
cg'ej ;+u|x

q}nf]Sogfy >]i7
k"j{ k|d'v

/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/, sf7df8f}+
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;j{k|ydtM oxfFx¿n] h'g sfo{ ug{ nfUg' ePsf] 5, 
Tof] c;fWo g} k|z+;gLo sfd xf] . To;sf] nflu 

oxfFx¿sf] ;Dk"0f{ l6dnfO{ g} wGojfb lbg rfxG5' . 
;'Gtnfhft kmnkm"ndf d}n] slt of]ubfg ug{ ;s]F, slt 
ug{ ;lsgF Tof] t d}n] eGbf klg c?n] eGg] s'/f xf] . d slt 
;+nUg ePF eGg] ;Gbe{df eGg'kbf{ b'O{ k6s u/]/ nueu !) 
jif{ hlt kfl/kfTn], wgs'6fdf a;]F . tfTsflng ;dodf 
s[lif s]G›, wgs'6f gfdfs/0f ul/Psf] lyof] . Tof] s]G›sf] 
d'Vo lqmofsnfk klg ;'Gtnfhft kmnkm"n / t/sf/L 
lyof] . klxnf] r/0fdf ;'Gtnf eGbf a9L t/sf/Ldf ;+nUg 
lyPF . bf];|f]k6sdf cf=j=@)#*÷#( b]lv lj=;+= @)$^ 
;fn;Dd wgs'6fdf a;]F . Tof] a]nf kmfd{ k|aGwssf] 
x}l;otdf ;'Gtnfhft kmnkm"ndf ;+nUg eP/ sfd 
u/]F . Toltv]/ Tof] eGbf cufl8 ePsf] lqmofsnfknfO{ 
lg/Gt/tf lbg] / vf;u/]/ Tolta]nf kmfd{sf] au}Frfsf] 
cj:yf lgs} bogLo lyof] . tL au}Frfx¿nfO{ s;/L 
k'gM:yflkt ug]{ < Tof] ug{ ;lsG5 ls ;lsFb}g < eg]/ 
kmfd{s} ;fyLx¿sf] l6d agfP/ cWoog u¥of}F . kmfd{sf] 
au}FrfnfO{ tLg efudf juL{s[t u¥of}F . klxnf] ;fwf/0f 
au}Frf, bf];|f] ;'wf/ ug{ ;lsg] au}Frf / t];|f] sf6]/ x6fpg'kg]{ 
au}Frf . To;kl5 x6fpg'kg]{ x6fOof] . ;fwf/0f au}Frfsf] 
nflu Package of Practices ljsf; ul/of] . ;'wf/ 
ug{'kg]{ au}Frfsf nflu ljz]if Package agfP/ ;'wf/sf 
sfd z'? u¥of}F . b'O{–tLg jif{df To;n] /fd|f] glthf lbof] . 
w]/} ls;fgx¿sf] au}Frf klg x|f; eO/x]sf] cj:yfdf 
s;/L To;nfO{ k'gM:yflkt ug{ ;lsG5 eGg] Jofjxfl/s 
cg'ej ug{ kfOof] / ;kmntf klg k|fKt eof] .

To;kl5 d h'gf/df ;+nUg ePF . h'gf/ klg ;'Gtnfhftsf] 
bf];|f] k|d'v afnL xf] . h'gf/ coordinator sf] ?kdf 
l;Gw'nLdf cfwf/ /xL l;Gw'nL / /fd]5fk b'a} lhNnf 
x]g]{ uy]{F . ;'Gtnf / h'gf/df To;a]nf;Dd klg sndL 
la?jfx¿ w]/} sd dfq} pTkfbg ul/GYof] . h'gf/df kl5 
hfkfgLh k|f]h]S6 -cfof]hgf_ nfu' eof] . k|f]h]S6 nfu' 

ePkl5 s]xL k|ljlwx¿ 
vf;u/]/ sndL la?jf 
k|ljlw hfkfgaf6 
Nofof}F . ;f88 
u|flˆ6Ë, e]lgo/ 
u|flˆ6Ë k|ljlwx¿ 
h;n] sndL l56f] 
klg ug{ ;lsg], 6]s 
ck k|ltzt klg /fd|f] 
ePkl5 ls;fg :t/sf ;Dk"0f{ g;{/Lx¿df h'gf/sf] sndL 
la?jf pTkfbg ug{ xfdL ;Ifd klg eof}F . klxnf xfd|f] 
cfˆg} ?6:6s Hofld/ k|of]u uYof}F{, kl5 Hofld/df h/f 
s'lxg] /f]usf] k|sf]k a9L b]lvof] . To;kl5 cfof]hgfs} 
;xof]uaf6 hfkfgaf6 6«fOkmf]lnP6 -tLgkft]_ NofP/ 
?6:6ssf ?kdf k|of]u ul/of] . Tolx 6«fOkmf]lnP6 xf] 
h'g clxn] klg xfdL sLlt{k'/l:yt ;dlztf]i0f afujfgL 
s]G›df b]Vg ;S5f}F . c¿ 7fpFdf klg 6«fOkmf]lnP6sf] 
Jofks k|of]u ePsf] 5 . Toltv]/ ul/Psf] sfd / of]ubfg 
clxn];Dd o;/L b]lvPsf] 5 . 

Tolta]nf h'gf/ If]q 3f]if0ff ul/of] . Tolta]nfsf] 
tfTsflng ;/sf/nfO{ 7"nf] cfly{s bfloTj klg k/]g . 
h'gf/ v]tL ul/g] hUufsf] dfnkf]t ldgfxf ul/g] dfq} yk 
cfly{s bfloTj lyof] . To;f] ubf{ b'O{ j6f lhNnfdf 
*÷!) nfv ?k}ofF dfq} yk vr{ ePsf] xf]nf . c¿ 
lgoldt sfo{qmd / lgoldt ah]6 g} lyof] . o;n] ;a} 
ls;fgx¿sf] dgf]an a9fof] . To;kl5 c¿ ;fdflhs 
sfo{stf{, /fhg}lts sfo{stf{ / sd{rf/Lx¿df klg h'gf/ 
t dxTjk"0f{ kmn /x]5 eGg] ;a}sf] dgdf cfPkl5 To;n] 
/fli6«o cleofgsf] ?k lnof] . o;/L h'gf/ pBf]usf] 
¿kdf ljsl;t eof] . h'g cfh ko{Gt sfod} 5 .

ca ;'GtnfnfO{ /fli6«o kmn 3f]if0ff ul/Psf] ;Gbe{df 
klg o;n] ;'Gtnf t /fli6«o dxŒjsf] kmn /x]5 eGg] 
s'/f ;a}sf] dgdf cfpg] eof] . o;} cj;/df ;a} 

g]kfnsf d'w{Go afujfgL lj1x?sf] 
cg'ej ;+u|x
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If]qsf /fhg}lts sfo{stf{x¿, ls;fgx¿, pBdLx¿, 
k|fljlwsx¿sf] klg dgf]an pRr ug{'kg]{ x'G5 . ;a}nfO{ 
hfu[t u/fpg] lsl;dn] sfo{qmd agfP/ clxn]sf] 
j:t'l:ytL cg';f/ cleofg -Campaign_ sf ?kdf 
sfo{qmd nfg ;Sof}eg] h'g p2]Zon] clxn] /fli6«o kmn 
3f]if0ff ePsf] 5 Tof] ;kmn x'g]5 .

;g\ @)!! df lghfdtL ;]jfaf6 cjsfz kfO;s] 
kZrft\ sG;N6]G;L sfd ubf{sf] ;dodf ;+o'Qm /fi6« ;+3 
cGtu{tsf] vfB tyf s[lif ;+u7g -FAO_ sf] cfly{s 
tyf k|fljlws ;xof]udf Combating Citrus Decline 
in Nepal eGg] cfof]hgf -Project_ df ;+nUg ePF . 
Tof] cfof]hgfdf /fli6«o / cGt/f{li6«o sG;N6]G6x¿sf] 
6f]nL ;+nUg lyof] . /fli6«o 6f]nL tkm{ d]/f] g]t[Tjdf xfdL 
tLg hgf ;b:o lyof}F eg] cGt/f{li6«o tkm{ ef/tsf b'O{ 
j}1flgsx¿ x'g'x'GYof] . xfdL kfFr hgfsf] ;+nUgtfdf 
sfo{qmd z'? u¥of}F . s] sf/0fn] x|f; -Decline_ 
eof] < eGg] ;Gbe{df k"j{ d]rL b]lv klZrd a}t8L;Dd 
#@ j6f dWo–kxf8L If]qsf lhNnfdf ;j]{If0f u¥of}F . 
Tof] ;j]{If0faf6 xfdLn] c;fWo} dxTjk"0f{ hfgsf/Lx¿ 
k|fKt u¥of}F . ;a} If]qdf Decline x'g'sf Ps} sf/0f 
lyPg . s'g} If]qdf l;6«; lu|lgË /f]usf sf/0f ePsf] 
lyof] . s'g} If]qdf Foot rot sf sf/0fn] ePsf] lyof] . 
s'g} If]qdf Joj:yfkgsf sf/0fn] ePsf] lyof] . o;/L 
cnu If]qdf cnu sf/0fn] Decline ePsf] lyof] . 
;dli6ut ?kdf x]bf{ g]kfndf ePsf] ;'Gtnfhft kmnkm"n 
vf; u/L ;'Gtnfsf] au}Frf x|f; x'g'sf] sf/0f rflxF klxnf] 
gDa/df au}Frf Joj:yfkgs} sdL, bf];|f]df Foot and 
Root rot / tLg gDa/df lu|lgË . xfd|f] cWoogaf6 
lo sf/0fx¿ yfxf ePkl5 7fpF cg';f/sf] ;'wf/ ug{ 
;lsg] 7fpFdf ToxL cg';f/sf] Package of Practices 
xfdLn] ljsf; u¥of}F / nfu' u¥of}F . wgs'6fdf x'Fbf au}Frf 
;'wf/ ug{ ul/Psf÷ckgfOPsf Jofjxfl/s 1fg h'g 
d}n] kfPsf] lyPF, Tof] 1fgn] 7"nf] d2t u¥of] . au}Frf 
;'b[9Ls/0f sfo{qmd eg]/ clxn] klg g]kfn ;/sf/n] 
a]nfa]nf of] sfo{qmd ;~rfng u/]sf] kfOG5 . To;sf] 
glthf klg /fd|f] b]lvPsf] 5 / ljut b'O{–tLg jif{ b]lv 
;'Gtnf kmnsf] pTkfbg al9/x]sf] b]lvG5 .

d'Vo s'/f :j:Yos/ la?jf rflxG5 . :j:ys/ la?jfsf] 

nflu a8p8 ;l6{lkms];g nfu' ug}{k5{ eg]/ xfdLn] 
l;kmf/L; u/]sf]df s]xL sfd rfxLF nfu' ePsf] b]lvG5 . 

sf]le8–!( sf] dxfdf/L eGbf cufl8 ;Dd sG;N6]G6s} 
?kdf sfo{/t lyPF . h:tf] pBf]u jfl0fHo dxf;+3 
cGtu{t AEC df klg consultant eP/ :ofËhfsf] 
;'Gtnf, /fd]5fk, l;Gw'nLsf] h'gf/df sfd u/]F . To;kl5 
dnfO{ tfTsflng kmnkm"n ljsf; lgb{zgfno, xfnsf] 
/fli6«o kmnkm"n ljsf; s]G›n] klg k|fljlws lj1sf 
?kdf ;lDem/fVg'ePsf] 5 . To;dfkm{t\ klg d;Fu ePsf] 
1fg a}7sx¿df efu lnFbf ;]o/ ug]{ u/]sf] 5' . 

;'Gtnfkmnsf] Compendium tof/L ug{ oxfFx¿n] 
ug{'ePsf] sbd ;x|fgLo 5 . of] sfd c;fWo} r'gf}ltk"0f{ 
5 . o;sf] /fd|f] compendium cfcf];\ eGg] ck]Iff 
klg /fv]sf] 5' / To;sf] nflu z'esfdgf JoQm ub{5' . 
;s];Dd hlt klg n]vx¿ cfpF5g\, xfdL h:tf k'/fgf 
k|fljlws ;fyLx¿n] cfˆgf] cg'ej ;]ol/ª ubf{ klg 
lkmN8 a]; x'g ;Sof}F eg] jf:tljs ls;fgn] ef]u]sf 
;d:of, Joj;fo÷ahf/sf] ;d:ofsf] cWoog u/]/ 
cfpg]5 . xfd|f] b]z;Fu ;Ldf hf]l8Psf b'O{ 7"nf /fi6«x? 
5g\ / xfd|f] glhs afXo ahf/ eg]sf] ltg} x'g\, tL  
ahf/x¿;Fu k|lt:kwf{ ug{ ;Sg] ;'Gtnf pTkfbg ug{ 
;lsof];\ eGg] ck]Iff /fv]sf] 5' .

wGojfb .

e}/j/fh s}gL
k"j{ dxflgb{]zs

s[lif ljefu, xl/x/ejg, nlntk'/
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Suntala is an indigenous popular fruit of Nepal which has been declared as the “National Fruit” 
of Nepal by the Government of Nepal very recently (Bikram Sambat 2080 Chaitra 30th or 
12th April 2024). To commemorate this historical event, Mandarin Orange: History, Science 
and Technology in Nepal [a compendium on Suntala (Nepalese Mandarin Orange)] has been 
published.  It is an outcome of several interactions with horticulturists, the articles presented 
at the 14th National Horticulture Seminar and a summary of the collaborative efforts between 
the National Centre for Fruit Development (NCFD), National Agricultural Genetic Resources 
Centre (NAGRC), Nepal Agriculture Research Council (NARC) and Nepal Horticulture 
Society (NHS).

The idea of preparing this compendium emerged from the need to apply for geographical 
indication (GI) tag for the Nepalese Mandarin Orange owing to its special unique characteristics 
or the quality imparted due to its geographical origin. Documentation of different aspects of 
Orange right from its history to its current development, science, technology and cultural 
(production) practices developed along the way is very crucial aspect for GI. 

Nepal is a country of biological diversity including enormous fruit diversity due to its incredible 
terrain. Fruits form an integral part of the Nepalese culture. Among more than two hundred 
different types of fruit crops found in Nepal (cultivated and wild), Suntala is one of the major 
fruits grown throughout the country. Due to its cultural, ecological, and economic importance 
as well as its specialty it was chosen as the National Fruit of Nepal. Reflecting all these through 
call for articles, free writings, opinions and messages which have been compiled and edited to 
produce this valuable document. 

The commitments from the NHS president Mr. Gopal Prasad Shrestha and NCFD Chief Dr. 
Shanta Karki have been a driving force to start and complete this compendium. Continuous 
support and encouragement from the Ministry of Agriculture and Livestock Development, 
Department of Agriculture, NARC and dedicated team efforts of NCFD staff and NHS 
members have made it possible for this valuable publication. We believe that we have covered 
almost all the available information about the Nepalese Mandarin Orange in this book. Being 
a living document on an important fruit crop of the country, we expect to receive constructive 
feedback which can be utilized to update the information and technologies in future editions. 
We are grateful to all the contributors and express our gratitude to all who have been directly 
or indirectly involved in the process of this publication.

Thank you all.

The Editors
June 2024

Editors’ Note

xix
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"Mandarin Orange: History, Science and Technology in Nepal" is being published after Mandarin 
orange was declared as the national fruit of Nepal by the Government of Nepal. The main objective of 
publishing this book is to incorporate all the available information, development and research activities 
conducted in Nepal related to the Mandarin Orange. This book represents the culmination of research, 
collaboration, and support from a multitude of individuals and institutions. This is the first official 
document of its kind which has included all the information related to a specific fruit.
In this context, National Centre for Fruit Development (NCFD) and Nepal Horticulture Society (NHS) 
would like to express its deepest gratitude to all the helping individuals and organizations whose 
support and contributions were invaluable in the creation of this book. We are deeply grateful to the 
11th Executive Commitee of NHS for helping us to organize the 14th National Horticulture Conference 
which has laid the foundation for the publication of this book. We sincerely acknowledge all the authors 
of the articles, poems, and other forms of written contributions without which the publication of this 
book would be impossible. 
The publication of such a precious volume would not be possible without continuous encouragement and 
inspirations of Honourable Jawla Kumari Sah, the Minister of Agriculture and Livestock Development, 
Secretaries of the Ministry of Agriculture and Livestock development Dr. Deepak Kumar Kharal, 
Dr. Govinda Prasad Sharma and Dr. Rajendra Mishra, and Director Generals of the Department of 
Agriculture Dr. Hari Bahadur K.C. and Dr. Narhari Prasad Ghimire during the entire duration of 
document preparation which are highly appreciated. We are grateful and inspired by the message 
from the Right Honourable Prime Minister of Nepal Mr. Pushpa Kamal Dahal ‘Prachanda’ and the 
Honourable Chancellor of Nepal Academy Mr. Bhupal Rai for their valuable messages.
NCFD and NHS would like to express sincere thanks to all the panel of the reviewers for thoroughly 
reviewing the articles and providing constructive suggestions and feedback. With due respect, NCFD  
and  NHS acknowledges senior horticulturists Mr. Shiva Bahadur Nepali Pradhan, Mr. Padam Prasad 
Shrestha, Mr. Ram Badal Shah, Mr. Trailokya Nath Shrestha and Mr. Bhairab Raj Kaini for their 
greetings and best wishes, which is the important component of this document. Additionally, we 
express our heartfelt gratitude to all the authors and contributors.
NCFD and NHS acknowledge editor in chief Dr. Shanta Karki and editors Dr. Puspa Raj Poudel, 
Mr. Surya Prasad Baral, Ms. Yam Kumari Shrestha, Mr. Sanjay Dhimal, Mr. Santosh Paudel and Mr. 
Samyam Pandit for their tireless work in giving the final shape of this document. NCFD and NHS 
are very much thankful to Mr. Basanta Balami for his help in collection of pictures and typing of the 
interviews of the senior horticulturists in order to complete this book. We also acknowledge all the 
staffs of NCFD, NARC- National Gene Bank and members of NHS for their efficient contributions 
and collaboration. 
NCFD and NHS will feel abundantly rewarded if this document proves helpful for readers in fulfilling 
their information needs on mandarin orange in Nepal from its history to present status. Finally, NCFD 
and NHS would like to appreciate all the mandarin orange growing farmers, nurseries, government 
horticulture development centres and other stakeholders involved in its promotion and express deepest 
gratitude to all of them for the continued cultivation, utilization and conservation of this important 
indigenous fruit crop of Nepal. 

National Centre for Fruit Development
Nepal Horticulture Society
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Abbreviations and Acronyms

ACP Asian Citrus Psyllid
ADO Agriculture Development Office
ADS Agriculture Development Strategy
AEC Agro-Enterprise Centre
AEO Agriculture Extension Officer
AFU Agriculture and Forestry University
AGDP Agricultural Gross Domestic Product
AGRs Agricultural Genetic Resources
AIA Agro-biodiversity Impact Assessment 
AKC Agriculture Knowledge Center
APP Agriculture Perspective Plan
APROSC Agricultural Projects Service Centre
ARS Agriculture Research Station
AVRDC Asian Vegetable Research and Development Center 
AWCP Area-Wide Control Program
B Boron
Ca Calcium
CAA Commercial Agriculture Alliance
CADP Commercial Agriculture Development Project
CAGR Compound Annual Growth Rate
CCD Colony Collapse Disorder
CDP Crop Diversification Project
CFFT Coordinated Farmers Field  Trial 
CGD Citrus Greening Disease 
CHC Central Horticulture Center
CIRAD French Agricultural Research Centre for International Development
CL Cue-Lure
Cl Chlorine
CRD Completely Randomized Design
CRISP-R Clustered Regularly Inter-spaced Short Palindromic Repeats
CTV Citrus Tristeza Virus
Cu Copper
CVT Coordinated Varietal Trial 
DADO District Agriculture Development Office
DAP Di-Ammonium Phosphate
DAS Double Antibody Sandwich
DCC District Coordination Committee
DCCI District Chamber of Commerce and Industry
DG Director General
DNA Deoxyribonucleic Acid
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DOA Department of Agriculture
DOAR Directorate of Agricultural Research
DRIS Diagnosis and Recommendation Integrated System
DUS Distinctness, Uniformity and Stability
EC Emulsifiable Concentrate
ED Executive Director
ELISA Enzyme-Linked Immunosorbent Assay
EPA Environmental Protection Agency 
ETDA Ethylenediaminetetraacetic Acid
ETL Economic Threshold Level
EU European Union
FAO Food and Agriculture Organization
FAOSTAT Food and Agriculture Organization Statistics
FAT Farmers Acceptance Test
Fe Iron
FGD Focus Group Discussion
FOA Faculty of Agriculture
FRD Food Research Division
FTD Fruit fly per Trap per Day
FYM Farm Yard Manure
GA Gibberellic Acid 
GACC General Administration of Custom of the People's Republic of China
GAP Good Agricultural Practices
GDP Gross Domestic Product
GI Geographical Indication
GMO Genetically Modified Organism
GON Government of Nepal
GREAT Green Research and Technology
HADP Hill Agriculture Development Project
HARP Hill Agriculture Research Project
HDO Horticulture Development Officer
HDP Horticulture Development Project
HFDP Hill Fruit Development Project
HLB Huanglongbing
HRS Horticulture Research Station 
IAAS Institute of Agriculture and Animal Science
IAEA International Atomic Energy Agency
ICARDA International Centre for Agriculture Research in Dry Area
ICIMOD International Centre for Integrated Mountain Development
ICS Internal Control System
IET Initial Evaluation Trial
INGOs International Non-Government Organizations  
IOCV International Organization of Citrus Virologists 
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IPM Integrated Pest Management
IPPC International Plant Protection Convention
IPPM Integrated Pest and Pollinator Management
IPR Intellectual Property Rights
ITPGRFA International Treaty on Plant Genetic Resources for Food and Agriculture
IYT Initial Yield Trial
JADP Janakpur Agriculture Development Project
JICA Japan International Cooperation Agency
JT Junior Technician
JTA Junior Technical Assistant
KIS Key Informant Survey
LAC Lumle Agriculture Centre
MAS Marker Assisted Selection
MBL Molecular Biotechnology Laboratory
Mg Magnesium
MLT Multi-Location Trial
Mn Manganese
Mo Molybdenum
MOAC Ministry of Agriculture and Cooperatives
MOALD Ministry of Agriculture and Livestock Development
MOFE Ministry of Forest and Environment
MOICS Ministry of Industry, Commerce and Supplies
MPHD Master Plan for Horticulture Development
N Nitrogen
NAGRC National Agriculture Genetic Resources Center
NARC Nepal Agriculture Research Council
NARDF National Agriculture Research and Development Fund
NAST Nepal Academy of Science and Technology
NCDP National Citrus Development Program
NCFD National Center for Fruit Development 
NCPVSCD National Center for Potato, Vegetable and Spice Crops Development
NCRP National Citrus Research Program
NGOs National Non-Government Organizations  
NHS Nepal Horticulture Society
NIPP National Intellectual Property Policy
NPPO-N National Plant Protection Organization-Nepal
NPR Nepalese Rupee
NPWG National Preparatory Working Group
NSB National Seed Board
NSP National Seed Policy
NSPM National Standard for Phytosanitory Measure
NSSRC National Soil Science Research Centre
NTIS Nepal Trade Integration Strategy
OC Organic Carbon
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OM Organic Matter
OTD Organ Transplanted Organism
OVOP One Village One Product
P Phosphorous
PAC Pakhribas Agriculture Centre
PACT Project for Agriculture Commercialization and Trade
PAM Project Administration Manual
PATWG Provincial Agricultural Technical Working Group
PAU Punjab Agricultural University
PCR Polymerase Chain Reaction
PDO Protected Designation of Origin
PFA Pest Free Area
PFD Post-bloom Fruit Drop
PGI Protected Geographical Indication
PHMD Post-Harvest Management Directorate 
PIU Project Implementation Unit
PMAMP Prime Minister Agriculture Modernization Project
POP Package of Practices
PPL Plant Protection Laboratory
PPP Pocket Package Program
PPPC Provincial Policy and Planning Commission 
PPS Pocket Package Strategy
PPSN Plant Protection Society of Nepal
PQPMC Plant Quarantine and Pesticide Management Centre
PSB Provincial Seed Board
PVPFR Plant Variety Protection and Farmers Rights
PVS Participatory Varietal Selection
R&D Research and Development
RAPD Random Amplified Polymorphic DNA
RFLP Restriction Fragment Length Polymorphism
RONAST Royal Nepal Academy of Science and Technology
RTWG Regional Technical Working Group
S Sulphur
SAARC South Asian Association for Regional Cooperation
SDG Sustainable Development Goals
SHDO Senior Horticulture Development Officer
SOP Standard Operating Procedure
SPP Sudur Pashchim Province
SQCC Seed Quality Control Centre
SSR Simple Sequence Repeat
STG Shoot Tip Grafting
TA Titratable Acidity
TLC Thin Layer Chromatography
TML Trimed-Lure
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TRIPs Trade-Related Aspects of Intellectual Property Rights
TSG Traditional Specialties Guaranteed
TSS Total Soluble Solids
TU Tribhuwan University
USAID United States Agency for International Development
USDA The United States Department of Agriculture
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Seminar Synopsis 
The 14th National Horticulture Seminar, 2024

Background
Nepal has immense potential to produce a wide range of citrus fruit crops and their subsequent 
value-chain development. Citrus species mainly mandarin, sweet orange and lime are major 
fruit crops of Nepal. The historical facts clearly indicate that mandarin orange is native fruit of 
Nepal and has been cultivated from pre-historical period. 

Mandarin orange has been a major cash crop among farmers in Nepal ever since its vocational 
plantation began in Nepal. Various technologies are generated on its variety improvement, 
nursery establishment, orchard management, plant protection and postharvest management. 
Commercial production has been expanded to nearly 60 districts of the country. Despite all the 
efforts, Nepal is still importing significant quantity of citrus fruits annually.  A determination 
is required to mitigate the technological, socio-economical, institutional and policy level 
constraints providing smooth adoption of improved technologies, commercialization and 
sustainability of citrus farming in Nepal. Additionally, the contemporary challenges of 
marketing problems also need to be considered to harness the stated potential.

Aim of the Seminar
The seminar aimed to bring together policy makers, development partners, farmers, academic 
communities, researchers, scientists, government officials, INGOs, NGOs, journalists, and 
private sectors to exchange information, experiences and research results on all aspects of 
specialized and interdisciplinary areas of Mandarin orange in the Nepali context.

Theme of the Seminar
Unveiling Nepal's Mandarin Orange Wealth: From Origin to Prosperity

Composition of Different Committees 
To commemorate the seminar in an elegant manner the following different committees had 
been formed to cooperate and coordinate with each other to execute the activities of the 
seminar gracefully:

1. Advisory Committee
1. Dr. Govinda Prasad Sharma, Secretary (Agriculture Development), MoALD
2. Dr. Rewati Raman Paudel, Secretary (Livestock Development), MoALD
3. Dr. Dhrubraj Bhattarai, ED, NARC
4. Dr. Hari Bahadur K.C., DG, DoA
5. Dr. Bhargab Dhital, Dean, IAAS
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6. Dr. Arjun Kumar Shrestha, Dean, FoA, AFU
7. Mr. Shiva Bahadur Nepali Pradhan, Former President, NHS
8. Mr. Bhairab Raj Kaini, Former President, NHS
9. Mr. Indra Raj Pandey, Former President, NHS 
10. Dr. Chiranjeevi Regmi, Life Member, NHS

2. Organizing Committee
Chairperson:  Dr. Shanta Karki, Chief, NCFD
Members:  Mr. Gopal Prasad Shrestha, President, NHS 
  Mr. Mohan Bahadur Thapa, Former President, NHS
  Ms. Januka Pandit, Chief, NCPVSCD
  Dr. Tika Bahadur Karki, Director, CHR/NARC
  Dr. Kishor Dahal, Assistant Dean, IAAS/TU
Member Secretary:  Mr. Surya Prasad Baral, SHDO, NCFD

3. Technical Committee
Chairperson:  Ms. Yam Kumari Shrestha, General Secretary, NHS
Members:  Mr. Deepak Paudel, SHDO, DoA
  Ms. Reeti Singh, SHDO, DoA
  Mr. Padma Nath Atreya, HDO, THDC
  Mr. Toya Nath Joshi, AEO, NCPVSD
  Ms. Shova Sharma, HDO, WTHC
  Ms. Sharmila Piya, AEO, NCPVSCD
  Mr. Bom Bahadur Thapa, Life Member, NHS
Member Secretary:  Mr. Samyam Pandit, AEO, NCFD

4. Editorial Committee
Chairperson:  Dr. Shanta Karki, Chief, NCFD
Members:  Dr. Puspa Raj Poudel, Asst. Prof. (Hort.), IAAS, TU
  Ms. Yam Kumari Shrestha, General Secretary, NHS
  Mr. Surya Prasad Baral, SHDO, NCFD
  Mr. Sanjay Dhimal, Treasurer, NHS
  Mr. Samyam Pandit, AEO, NCFD
Member Secretary:  Mr. Santosh Paudel, AEc, NCFD
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5. Fund Management Committee
Chairperson:  Mr. Ram Bahadur K.C., Vice President, NHS
Members:  Dr. Umed Pun, Former President, NHS
       Mr. Dinesh Sapkota, SHDO, VCDC
Member Secretary:  Mr. Sanjay Dhimal, Treasurer, NHS

6. Award Selection Committee
Chairperson:  Mr. Kaushal Kumar Poudel, NHS
Members:  Mr. Surya Prasad Baral, SHDO, NCFD
  Mr. Gokarna Aryal, NHS
Member Secretary: Mr. Bikash Kharel, HDO, NCPVSCD

7. Event and Logistic Management Committee
Chairperson: Mr. Padam Prasad Adhikari, Chief, WTHC
Members: Mr. Shiva Aryal, AEO, NCFD
  Mr. Ganesh Bahadur K.C., HDO, NAFHA Project
  Ms. Tara Sharma, HDO, WTHC
  Mr. Jivan Subedi, SS, WTHC
  Mr. Prakash Pantha, AEO, WTHC
  Ms. Srijana Bhandari, PPO, WTHC
  Mr. Gagan K.C., HDO, WTHC
  Ms. Kabita Sharma, HDO, NCFD
  Mr. Sudeep Chaudhary, Tech, NCFD
  Ms. Bhagwati Neupane, Tech, NCFD
  Mr. Dolraj Upadhyay, Tech, NAFHA Project
  Mr. Basanta Balami, Computer Operator, NCFD
  Ms. Binita Sharma, Administration, NCFD
  Mr. Keshab Joshi, Accountant, NCFD
  Ms. Sabitra Gahatraj, Administration, NCFD
Members' Secretary: Ms. Manita Tamang, HDO, NCFD

8. Poster Evaluation Committee
Chairperson: Dr. Ramita Manandhar, NHS
Members: Dr. Kishor Chandra Dahal, Assistant Dean, IAAS/TU
  Mr. Krishna Prasad Poudel, NHS
  Mr. Ganapati Pandey, NHS
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Seminar Highlights 
Day One: 13th Baishakh 2081 (25th April 2024)

The 14th National Horticulture Seminar commenced on 12th Baishakh 2081 for two days in 
the Warm Temperate Horticulture Center, Kirtipur, Kathmandu with the theme of "Unveiling 
Nepal's Mandarin Orange Wealth: From Origin to Prosperity". The chief guest, Honorable 
Agriculture Minister Ms. Jwala Kumari Sah, Ministry of Agriculture and Livestock 
Development (MoALD) inaugurated the seminar. The chairperson of the opening session 
was Mr. Gopal Prasad Shrestha, President of Nepal Horticulture Society (NHS). Among 
the special guests were Dr. Govinda Prasad Sharma, Secretary, MoALD; Dr. Rewati Raman 
Poudel, Secretary, MoALD; Dr. Surendra Lal Shrestha, Executive Director, Nepal Agriculture 
Research Council; Dr. Hari Bahadur K.C., Director General, Department of Agriculture and 
Dr. Kishor Chandra Dahal, Assistant Dean, IAAS. The chief guest inaugurated the conference 
by watering the mandarin orange plant and presented certificates and prizes to the citrus 
grower (Mr. Tilak Gurung, Beni-4, Myagdi), the citrus nursery owner (Mr. Bodharaj Aryal, 
Putalibazaar-11, Syanja ), the apple grower (Mr. Hari Bahadur Rokaya, Rara-5, Mugu) and 
the organic vegetable grower (Mr. Ramesh Khadka, Suryabinayak-4, Bhaktapur). Also she 
awarded two topper students with the Excellence Award in Horticulture Education (M.Sc. Ag.) 
respectively for the year 2077/78 (Mr. Sudeep Regmi, TU/IAAS, Kathmandu) and 2078/79 
(Mr. Pradeep Regmi, AFU, Chitwan). 

Dr. Shanta Karki, Chief of the National Center for Fruit Development welcomed the chief 
guest, special guests, guests and all participants. After that she presented the thematic paper of 
the seminar entitled Mandarin Orange: The National Fruit of Nepal. After the inaugural address 
of honorable minister and secretary of the MoALD, Mr. Gopal Prasad Shrestha, president and 
chairperson of the inaugural session with his closing remarks declared the end of the inaugural 
session. The master of ceremony was facilitated by Ms. Yam Kumari Shrestha, SFDO, NCFD.

14th National Horticulture Seminar commenced on 12th 
Baishakh, 2081

Chief Guest Honorable Jwala 
Kumari Sah, Minister, MoALD 

addressing the seminar
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The inaugural ceremony was witnessed by 200 participants including students from Tribhuwan 
University, Institute of Agriculture and Animal Science, Agriculture and Forestry University 
and delegates and representatives from different agriculture institutions and was followed by 
technical paper presentation sessions.

Dr. Shanta Karki, Chief, NCFD welcoming the guests and participants

Inaugural Session of the  
14th National Horticulture Seminar
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Banner of the organizers in the 14th National Horticulture Seminar, 2081

Thematic Session
There were two thematic papers regarding national fruit i.e. mandarin orange, five development 
papers regarding the management of mandarin orange, five research papers in mandarin orange 
and six geographical indication (GI) survey report paper of mandarin from the whole country 
were presented. Each technical session was facilitated by a chairperson and each paper was 
assisted by one rapporteur. There were 186 participants in the technical session.

Group Photo with the guests, NCFD Chief and NHS Past Presidents

Day Two: 13th Baishakh 2081 (25th April 2024)

Technical Session
There were altogether seven technical sessions and 45 Paper presenters in total and they 
presented technical papers in their respective fields. Each technical session was facilitated by 
a chairperson and each paper was was assisted by one rapporteur. Three technical posters were 
also being presented simultaneously and evaluated by the evaluation team.
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Participants in the Technical paper presentation 
session of the seminar

Technical poster is being evaluated by the experts in 
the poster presentation in the 14th NHS, 2081

Poster presentation in the seminar Poster presentation in the seminar

Each technical session namely, Geographical Indication; Orchard and Nursery Management; 
Government Farm, Nursery and Province Status; Disease and Pest; Variety and Bio-Diversity; 
Post-harvest Management, Marketing and Value chain; and Program and Policy was followed 
by discussion and interaction on the paper presented in the technical sessions for preparing 
a way forward document that would serve as a guidelines document for the development 
of horticulture especially mandarin orange in the future. There were 186 participants in the 
technical session.
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Closing Session
The session was chaired by the president of NHS Mr. Gopal Prasad Shrestha and the chief 
guest was Dr. Govinda Prasad Sharma, the secretary of MoALD. The chairperson of the 
session presented the certificates to the participants of the poster presentation and the chief 
guest awarded the winners of the poster presentation.

After the closing address of the chief guest, the chairperson ended the session with his closing 
remarks. There were 186 participants in the closing session.

Closing ceremony addressing by the Chief Guest, 
Dr. Govinda Prasad Sharma, Secretary, MoALD

Mr. Gopal Prasad Shrestha, President, NHS ending 
the session with closing remarks

Group photo at the closing ceremony of the 14th National Horticulture Seminar, 2081

Consequential of the Seminar
• Fact sheet of mandarin orange should be prepared. 
• Since mandarin is declared as national fruit of Nepal, special programs for development 
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of mandarin sector should be implemented.
• The Paripatle, Kirtipur and Palpa farm should be established as the Citrus Excellence 

Centers.
• Research and development activities regarding mandarin orange should be increased.
• Roaster of citrus experts should be prepared.
• Lead institution/organization should be established to look after national citrus program.
• Study related to DNA fingerprint and documentation should be done to identify 

characteristics of mandarin, geographical indication (GI) and patent right.
• Initiation of commercial livestock farms' linkage with citrus orchard to increase the soil 

organic matter of the orchard.
• Capacity enhancement of technicians and farmers.
• Saplings production in closed structure.
• Term of reference (ToR) of the farm for further dissemination of modern technologies 

should be updated.
• Acts and regulations related to quality saplings production and distribution should be 

formulated. 
• Record keeping of the nurseries should be formalized with role and responsibilities among 

3-tiers of government.
• Implementation of nursery standard, guideline and regular monitoring of private nurseries 

with clear role and responsibilities.
• Citrus bud-wood certification system for quality sapling production and use of those for 

orchard establishment should be implemented.
• Awareness and capacity building should be focused for disease and pest management. 
• Internal quarantine protocol should be implemented strictly.
• Policy and program related to incentive to farmer for removing the greening affected plant 

should be prepared.
• Germplasm conservation should be continued and varieties should be registered.
• Phenological characterization of germplasms collected in government farm/centers should 

be documented.
• Early, medium and late varieties should be developed by NARC.
• Requirements for export (quarantine, post-harvest treatments) should be fulfilled.
• Establishment of processing industries and cold storage facilities.
• Post-harvest handling and storage practices should be strengthened. 
• Quality and grade standard should be defined.
• A Postharvest division should be created to conduct postharvest research and technology 

development.
• Scientists working in citrus should not be transferred to other disciplines.
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Charting Suntala's Course as Nepal's National Fruit
Shanta Karki1, Surya Prasad Baral1, Yam Kumari Shrestha1, Bal Krishna Joshi2, 
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1National Centre for Fruit Development, Kirtipur, Kathmandu
2National Agriculture Genetic Resources Center, Khumaltar, Lalitpur

3Ministry of Agriculture and Livestock Development, Singhadurbar, Kathmandu
4Institute of Agriculture and Animal Science, Tribhuvan University, Kirtipur, Kathmandu

*Corresponding Author: grizal@gmail.com
*ORCID ID: https://orcid.org/0000-0002-6245-1996

Abstract

This article is a testament to the advocacy and continuous efforts that have led to the declaration 
of Suntala (Mandarin orange) as the national fruit of Nepal. Suntala's unique flavor, color, and 
cultural significance have long been recognized, and its newfound status as the national fruit 
further highlights its intrinsic qualities and economic potential. Cultivation of Suntala is thriving 
across Nepal's mid-hills which contributes to the nation's citrus production, occupying extensive 
land area. This designation strengthens the citrus industry, elevates Nepal's standing in the global 
fruit market, and fosters sustainable economic growth by attracting investment and promoting 
exports. Moreover, Suntala's nutritional value, rich in vitamins, minerals, antioxidants, and 
dietary fiber, highlights its importance in promoting public health and encouraging healthier 
dietary choices. The national recognition of Suntala raises awareness about its health benefits 
as well as promotes environmentally sustainable farming practices, contributing to soil health 
and biodiversity conservation in the mid-hills. The designation incentivizes further research 
and development in citrus farming, aiming to improve yields and enhance environmental 
sustainability. Ultimately, Suntala's national recognition ignites national pride, resonating with 
Nepal's cultural heritage and celebrating the country's rich agricultural diversity. 

Introduction
With the declaration of Suntala (Mandarin orange) as the national fruit of Nepal, the country 
joins the ranks of nations worldwide that have a recognized fruit as emblematic of their national 
identity. Countries such as India, which chose Mango, and the Philippines, which also opted 
for Mango, have long used their national fruits to symbolize cultural heritage and agricultural 
abundance (Swaminathan, 2023). Before this declaration, Nepal had already acknowledged 
the cow as its national animal, the rhododendron as its national flower, crimson red as its 

Keywords: Cultural symbolism, Economic potential, Environmental conservation, Global fruit market, 
Sustainable farming practices
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national color, and the Lophophores as its national bird, but the absence of a national fruit 
had been a long standing gap in its symbolic repertoire. While Nepal has a rich diversity of 
fruits, ranging from tropical mangoes and bananas to sub-tropical citrus fruits and temperate 
apples, the formal recognition of Suntala as the national fruit fills this void and reinforces the 
country's agricultural significance.

The decision to designate Suntala as the national fruit of Nepal carries profound implications 
for various stakeholders, including farmers, consumers, traders, experts, scientists and the 
nation as a whole. Suntala's official recognition not only acknowledges its cultural and 
economic importance but also highlights its potential to drive agricultural development and 
international trade. By conferring national status upon Suntala, Nepal signals its commitment 
to promoting the cultivation, preservation, and promotion of this indigenous fruit, thereby 
creating opportunities for rural livelihoods, culinary innovation, and tourism (both domestic 
and foreign tourists) attraction. Moreover, the adoption of Suntala as the national fruit 
underscores Nepal's efforts to harness its agricultural heritage for sustainable development 
and cultural preservation, paving the way for a fruitful future for generations to come.

Methodology
The concept of this article originated from a metamorphosis of diverse official documents 
strategically drafted to persuade bureaucratic and political leaders of Nepal to declare Suntala 
as the national fruit of Nepal. The foundation of our review draws upon many references, 
encompassing native fruits, popular choices among the people, local songs, stories, myths, 
and tales.

To support our narrative, we collected data from local newspapers reporting on the status 
and impact of fruits on the lives of farmers. The research process involved a systematic 
examination of various mediums, including books, research articles, reviews, analyses, and 
newspaper mentions, to gather a diverse range of perspectives and insights. These mediums 
provided foundational knowledge and historical context, contributing to the development of a 
well-informed narrative.

We listened to the interviews with experts and scientists in the field which provided valuable 
insights, addressing any informational gaps that surfaced during the compilation process. 
These inputs were integrated into the article, enhancing the overall comprehensiveness and 
depth of our review.

Findings
The Suntala is the most popular fruit in Nepal. It is grown in sixty-six districts and cultivated 
commercially in fifty-six districts.  It is traded, consumed, and liked in all places in Nepal. 
The adoption of Suntala as Nepal's national fruit has spurred a wave of positive developments 
across the country. Suntala cultivation has boosted options for agricultural production, rural 
incomes, and biodiversity conservation. It has become a symbol of national pride, promoting 
branding, cultural recognition, and culinary innovation. Support from the government, other 
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stakeholders, and educational initiatives will further empower farmers with knowledge 
and resources, while export opportunities and tourism development fuel economic growth. 
Suntala's rich nutritional content contributes to better health and dietary diversity, and 
international collaboration strengthens Nepal's position in the global citrus market. Overall, 
Suntala's national fruit status has become a powerful driver of agricultural development, 
economic prosperity, and cultural vibrancy for Nepal.

The declaration of Suntala as the national fruit has opened up the following 
prospectives
Agricultural promotion
This citrus fruit, known for its vibrant color, sweet taste, aroma, and rich nutritional content, 
has spurred increased cultivation efforts across various regions of Nepal. Farmers have been 
incentivized to expand their orchards and invest in Suntala cultivation, thereby boosting 
agricultural productivity and rural incomes. The promotion of Suntala has also encouraged 
agricultural diversification, reducing dependence on traditional crops and mitigating risks 
associated with mono-cropping. Furthermore, the recognition of Suntala as a national symbol 
has enhanced its marketability both domestically and internationally, opening up avenues 
for export and trade. This has led to economic growth in rural areas, fostering sustainable 
development and poverty reduction.

Moreover, the announcement of Suntala as the National fruit of Nepal has catalyzed research 
and development initiatives aimed at enhancing cultivation techniques, improving post-
harvest practices, and developing value-added products. Agricultural institutions and research 
organizations have intensified efforts to breed high-yielding and disease-resistant Suntala 
varieties tailored to Nepal's agro-climatic conditions. Additionally, government policies and 
programs have been formulated to provide technical assistance, training, and financial support 
to Suntala farmers, further incentivizing its cultivation. The promotion of Suntala has also 
fostered agro-tourism, with tourists visiting orchards to experience Suntala harvesting, tasting 
and processing firsthand, thereby generating additional income streams for rural communities. 
Overall, the adoption of Suntala as the National fruit of Nepal has not only elevated its 
cultural significance but has also played a pivotal role in promoting agricultural development, 
enhancing food security, and advancing rural livelihoods.

Biodiversity conservation
First and foremost, the increased cultivation of Suntala will lead to the preservation of diverse 
citrus varieties native to Nepal. Farmers are now motivated to maintain traditional Suntala 
orchards alongside newer cultivars, thus safeguarding genetic diversity within the citrus 
species. This preservation of genetic resources is essential for maintaining resilience in the 
face of environmental challenges such as pests, diseases, and climate change. Moreover, the 
promotion of Suntala cultivation has encouraged agroforestry and hortoforestry practices, with 
farmers integrating citrus trees into mixed cropping systems. Suntala trees have been used to 
control soil erosion in the hilly terraces. To conserve moisture and provide organic matter in 
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the Suntala orchard farmers use green manures and mulching which also help in biodiversity 
conservation. This agroecological approach not only enhances soil health and water retention 
but also provides habitat and food sources for diverse flora and fauna, thereby promoting 
overall ecosystem health and biodiversity. 

Furthermore, the adoption of Suntala as the National fruit of Nepal has sparked conservation 
efforts aimed at protecting the natural habitats of wild citrus species. Conservation organizations 
and governmental agencies have collaborated to establish protected areas and conservation 
corridors for wild citrus populations, ensuring the survival of endangered species and their 
associated ecosystems. By raising awareness about the importance of citrus biodiversity, 
the designation of Suntala as the national fruit has also fostered community engagement in 
conservation efforts. Local communities are now actively involved in habitat restoration, 
seed banking, and sustainable harvesting practices, thereby contributing to the long-term 
conservation of Nepal's citrus heritage. In this way, the adoption of Suntala as a symbol 
of national pride has not only promoted agricultural development but has also catalyzed 
biodiversity conservation, ensuring the continued existence of diverse citrus species and their 
ecological significance.

Branding and identity
Naming a National fruit has played a pivotal role in branding and enhancing the identity of 
Nepali mandarin oranges both domestically and internationally. This designation has provided 
a unique selling proposition for Nepali oranges, distinguishing them from oranges produced in 
other regions and elevating their perceived quality and value. The Suntala brand now embodies 
the rich cultural heritage and agricultural in general and horticultural excellence in particular 
of Nepal, serving as a symbol of national pride and identity. This branding has facilitated 
market differentiation and increased market visibility for Nepali mandarin oranges, leading 
to greater consumer recognition and demand. Additionally, the association of Suntala with 
Nepal's national identity has created opportunities for marketing and promotional campaigns 
that highlight the unique characteristics and benefits of Nepali mandarin oranges, further 
enhancing their market appeal.

Moreover, the recognition of Suntala as the National Fruit of Nepal has facilitated the 
development of geographical indication (GI) protection right for one of the Nepalese indigenous 
citrus species, further bolstering their branding and identity. GI tag provides legal recognition 
and protection for products with specific geographical origins and unique qualities bestowed 
by the geographical or environmental specilaiaties, preventing unauthorized use of the Suntala 
name and ensuring the integrity of Nepali orange products in the marketplace. This recognition 
not only adds value to Nepali oranges but also fosters trust and confidence among consumers, 
who associate GI status with authenticity and superior quality. As a result, Nepali oranges have 
gained a competitive edge in both domestic and international markets, commanding premium 
prices and driving economic growth for citrus farmers and rural communities. In essence, 
the adoption of Suntala as the National fruit of Nepal has not only strengthened the branding 
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and identity of Nepali mandarin oranges but has also contributed to their market success and 
sustainable development.

Community development
The commercial cultivation of Suntala has significant impact on creation of employment 
opportunities within rural communities. The increased cultivation of Suntala has generated 
demand for labor and skilled human resource in orchards, nurseries,  processing industries and 
marketing facilities, providing livelihoods for residents of rural and urban people. Moreover, 
the expansion of Suntala cultivation has stimulated the growth of ancillary industries such 
as transportation, per-cooling, grading, packaging, and marketing, further diversifying job 
prospects in rural, semi-urban and urban areas. This has not only reduced unemployment 
but has also empowered individuals, particularly women, disadvantaged groups (DAGs) 
and marginalized groups, by offering them avenues for economic independence and social 
mobility. 

Additionally, the promotion of Suntala has facilitated infrastructure development in rural 
communities. As Suntala cultivation requires adequate irrigation, access to markets, and 
transportation networks, government and non-governmental organizations have invested in 
improving rural infrastructure such as roads, irrigation systems, and market facilities. These 
infrastructure investments have not only enhanced the efficiency of agricultural production but 
have also improved overall connectivity and access to essential services, thereby enhancing 
the quality of life for rural residents. Furthermore, the recognition of Suntala as a symbol of 
national identity has instilled a sense of pride and cohesion within communities, fostering social 
capital and collective action for community development initiatives. Overall, the adoption of 
Suntala as the National fruit of Nepal has played a pivotal role in promoting community 
development by creating employment opportunities, stimulating infrastructure investments, 
and fostering social cohesion within rural areas.

Culinary innovation
The adoption of a national fruit will spur culinary innovation and creativity, transforming 
traditional recipes and culinary practices. Suntala's unique flavor profile, characterized by its 
sweet and tangy taste, has inspired chefs and home cooks alike to experiment with incorporating 
this versatile citrus fruit into a wide array of dishes. From savory sauces and marinades to 
sweet desserts and beverages, Suntala adds a distinctive and refreshing twist to Nepali cuisine. 
Restaurants and food establishments have capitalized on the popularity of Suntala by featuring 
it prominently in their menus, attracting both locals and tourists eager to savor its delightful 
taste. Moreover, the adoption of Suntala has led to the development of value-added products 
such as Suntala juice, jams, marmalade, squash, jelly, and candies, providing additional 
opportunities for culinary innovation and entrepreneurship. This diversification of Suntala-
based products not only stimulates economic growth but also promotes the preservation and 
promotion of Nepal's culinary heritage.
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Furthermore, the adoption of Suntala as the National fruit of Nepal has fostered cross-cultural 
culinary exchanges and collaborations, leading to the fusion of Nepali cuisine with international 
flavors. Chefs and food enthusiasts from around the world have been drawn to Nepal to 
explore the culinary possibilities offered by Suntala, resulting in the infusion of global cooking 
techniques and ingredients into traditional Nepali dishes. This cultural exchange enriches the 
culinary landscape of Nepal, offering diners a more diverse and dynamic dining experience. 
Additionally, the popularity of Suntala-inspired dishes has contributed to the promotion of 
Nepali cuisine on the global stage, attracting attention and admiration for its unique flavors 
and innovative culinary creations. Overall, the adoption of Suntala as the National fruit of 
Nepal has sparked a culinary renaissance, inspiring chefs, entrepreneurs, and food lovers to 
push the boundaries of creativity and innovation in Nepali’s gastronomy. 

Cultural recognition
It will catalyze a profound resurgence in cultural recognition both within Nepal and on the 
global stage. Suntala holds deep roots in Nepali culture, symbolizing hospitality, prosperity, 
and auspiciousness. By bestowing official recognition upon Suntala, Nepal has reaffirmed its 
cultural identity and heritage, celebrating the traditions intertwined with citrus cultivation and 
consumption. This acknowledgment has not only bolstered national pride but has also fortified 
social bonds, fostering communal celebrations during festivals and rituals associated with 
Suntala, such as the Nepali New Year (Nepal Sambat) and the auspicious Hindu festival of 
Dashain. Furthermore, the designation of Suntala as a national symbol has amplified Nepal's 
cultural diplomacy, serving as a distinct emblem of Nepali identity on the global stage. This 
has cultivated broader awareness and appreciation for Nepali culture, cuisine, and agricultural 
practices worldwide, enticing tourists and fostering cultural exchange.

Moreover, the adoption of Suntala as the National fruit of Nepal has sparked a renaissance in 
cultural innovation and creativity, inspiring artists, musicians, and writers to weave themes 
of citrus cultivation and symbolism into their works. Suntala has emerged as a muse for song 
composers, poets, painters, and artisans, prominently featured in traditional art forms such as 
Thangka painting, wood carving, and pottery. This artistic expression not only safeguards and 
propagates Nepali cultural heritage but also nurtures a profound sense of pride and unity among 
Nepali communities, both at home and across borders. Additionally, the promotion of Suntala 
has spurred the development of culinary traditions and gastronomic tourism, with chefs and 
food enthusiasts exploring inventive methods to showcase the versatility and exquisite flavor 
of Nepali citrus fruits. Thus, the adoption of Suntala as the National fruit of Nepal has not only 
revitalized cultural recognition but has also ignited a spirit of ingenuity, entrepreneurship, and 
cultural interchange, enriching the vibrant tapestry of Nepali society.

Economic boost
The adoption of national fruit has become instrumental in providing a significant economic 
boost to the country. This designation has propelled Suntala into the spotlight, both 
domestically and internationally, increasing its market demand and value. With heightened 



9
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

recognition and promotion, Suntala cultivation has expanded across various regions of Nepal, 
leading to increased agricultural productivity and rural incomes. The economic benefits of 
Suntala cultivation extend beyond the farm gate, as the fruit's popularity has stimulated 
growth in related activities such such as harvesting, grading, pre-cooling, transportation, 
packaging, and agro-processing industries. Additionally, the export potential of Suntala has 
been unlocked, with Nepali farmers gaining access to international markets and generating 
foreign exchange earnings for the country. This increased trade has not only bolstered Nepal's 
economy but has also created employment opportunities along the value chain, from farm 
laborers to exporters, further contributing to economic growth and poverty reduction resulting 
in improved livelihoods. Nepal has already signed a MoU with the Government of China for 
Suntala (mandarin orange) and Junar (sweet orange) export (Aryal et al, 2022) so adopting 
good orchard management pratices will enhance this opportunity and open up marketing 
opportunities with other countries also.

Moreover, the promotion of Suntala as the National fruit of Nepal will catalyze tourism 
development, as visitors flock to orchards to experience Suntala harvesting, tasting and 
processing firsthand. Agro-tourism has emerged as a thriving sector, with tourists contributing 
to local economies through accommodation, dining, and purchases of Suntala-related products. 
Furthermore, the recognition of Suntala as a symbol of Nepali identity has boosted cultural 
tourism, attracting travelers eager to explore the cultural heritage and culinary traditions 
associated with the fruit. This influx of tourism revenue has not only diversified Nepal's 
economic base but has also promoted sustainable development in rural areas, where Suntala 
cultivation is prevalent. Overall, the adoption of Suntala as the National fruit of Nepal has 
led to a multifaceted economic boost, stimulating agricultural growth, fostering trade and 
employment, and driving tourism development, thereby contributing to the overall prosperity 
of the country.

Educational initiatives
This adoption of national fruit can be used to spark various educational initiatives aimed 
at promoting awareness, knowledge, and skills related to citrus cultivation, agriculture, and 
sustainability. Educational institutions, including schools, colleges, and universities, have 
integrated Suntala into their curricula, offering courses, workshops, and field trips focused on 
citrus farming techniques, agroecology, and rural development. By incorporating Suntala into 
formal education, Nepal is nurturing a new generation of farmers, horticulturists, and agricultural 
entrepreneurs equipped with the knowledge and skills needed to thrive in the citrus industry. 
Moreover, educational initiatives centered around Suntala have fostered interdisciplinary 
learning, encouraging students to explore topics such as environmental science, economics, 
and cultural studies through the lens of citrus cultivation and its socio-economic implications. 
This holistic approach to education not only enhances academic outcomes but also instills a 
sense of environmental stewardship, reearch and community engagement among students, 
preparing them to address the complex challenges facing Nepal's citriculture, one of the major 
horticultural sub- sectors.
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Furthermore, the adoption of Suntala as the National fruit of Nepal has catalyzed vocational 
training programs and capacity-building initiatives targeted at rural communities, particularly 
women, youths and marginalized groups. Non-governmental organizations (NGOs) and 
governmental agencies have partnered to offer training in citrus nursery management, organic 
farming practices, and value-added processing techniques, empowering farmers to improve 
productivity, quality, and market access. These educational initiatives not only enhance 
livelihood opportunities but also promote gender equality and social inclusion by providing 
women, youths and marginalized groups with the skills and resources needed to participate 
meaningfully in the citrus value chain. Additionally, educational campaigns and extension 
services disseminate information about sustainable agricultural practices, pest and disease 
management, integrated soil nutrient management for better production and climate-resilient 
farming techniques, empowering farmers to adapt to changing environmental conditions and 
mitigate risks. By investing in education and training related to Suntala cultivation, Nepal 
is laying the groundwork for a more resilient, equitable, and prosperous agricultural sector, 
fostering sustainable development and poverty alleviation in rural communities.

Environmental stewardship 
It prompts a heightened sense of environmental stewardship across the country. One significant 
aspect is the promotion of sustainable agricultural practices in Suntala cultivation. Farmers 
are increasingly embracing organic farming methods, reducing reliance on chemical inputs, 
and implementing agroecological approaches that prioritize soil health and biodiversity 
conservation. By minimizing the use of pesticides and synthetic fertilizers, Suntala growers are 
safeguarding the ecological balance of their farmlands and mitigating environmental pollution, 
thus contributing to the overall health of Nepal's ecosystems. Furthermore, the adoption of 
Suntala as a symbol of national pride has sparked awareness campaigns and environmental 
education initiatives aimed at fostering a deeper appreciation for the interconnectedness of 
agriculture and the environment. Through workshops, seminars, and community outreach 
programs, stakeholders are empowered to adopt practices that minimize environmental 
impact, such as water conservation, waste reduction, and habitat restoration, thereby fostering 
a culture of environmental responsibility.

Moreover, the designation of Suntala as the National fruit of Nepal has catalyzed conservation 
efforts aimed at protecting the natural habitats and biodiversity hotspots associated with citrus 
cultivation. Conservation organizations, governmental agencies, and local communities are 
collaborating to establish protected areas, conservation corridors, and wildlife sanctuaries 
that safeguard critical ecosystems and endangered species. By conserving these habitats, 
Nepal not only preserves its rich natural heritage but also maintains essential ecosystem 
services such as pollination, soil fertility, and water regulation. Additionally, the promotion of 
agroforestry practices in Suntala cultivation contributes to carbon sequestration and climate 
change mitigation, as citrus orchards act as carbon sinks and enhance landscape resilience. 
Through these multifaceted initiatives, the adoption of Suntala as the National fruit of Nepal 
underscores the country's commitment to environmental stewardship, promoting sustainable 
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development practices that balance economic growth with ecological conservation for the 
benefit of present and future generations. 

Export opportunities
It is time to expand export opportunities for the country, leveraging its unique citrus industry 
to access international markets. With Suntala gaining recognition as a symbol of Nepal's 
agricultural prowess and cultural heritage, it has become a flagship export product, attracting 
attention from buyers around the world. The designation of Suntala as the national fruit has 
served as a powerful marketing tool, enhancing the product's appeal and distinguishing it 
from competitors in the global marketplace. This increased visibility has facilitated entry 
into new markets and has opened doors for Nepali exporters to showcase the quality and 
authenticity of their citrus produce. Additionally, the promotion of Suntala cultivation has led to 
improvements in post-harvest handling and packaging practices, ensuring that exported fruits 
meet international standards for freshness and safety, thereby enhancing Nepal's reputation as 
a reliable supplier of premium citrus products.

Moreover, the adoption of Suntala as the National fruit of Nepal has stimulated investment in 
infrastructure and logistics, strengthening the country's export capacity and competitiveness. 
Government initiatives and private sector partnerships have focused on upgrading transportation 
networks, cold storage facilities, and processing centers, reducing supply chain inefficiencies, 
and ensuring timely delivery of Suntala to international markets. Furthermore, the recognition 
of Suntala as a national symbol has facilitated trade negotiations and promotional campaigns, 
with Nepali diplomats and trade delegations advocating for preferential treatment and market 
access for Nepali citrus exports. As a result, Nepal has been able to capitalize on the growing 
demand for exotic fruits and premium agricultural products in markets such as Europe, North 
America, and the Middle East, thus diversifying its export portfolio and generating foreign 
exchange earnings vital for economic growth and development. Overall, the adoption of 
Suntala as the National fruit of Nepal has not only expanded export opportunities but has also 
positioned Nepal as a key player in the global citrus industry, contributing to the country's 
socio-economic advancement.

Farmer empowerment
It should be an instrumental step in empowering farmers across the country, particularly those 
engaged in citrus cultivation. With Suntala receiving national recognition and support, farmers 
have been encouraged to expand their orchards and invest in citrus production, leading to 
increased agricultural productivity and rural incomes. This empowerment stems from various 
factors, including enhanced access to markets, technical assistance, and financial resources. 
Government programs and initiatives aimed at promoting Suntala cultivation provide farmers 
with training on best practices, modern techniques, and pest  and soil nutrient management 
strategies, empowering them with the knowledge and skills needed to optimize yields and 
ensure crop quality. Furthermore, the designation of Suntala as a national symbol has elevated 
its market value, enabling farmers to fetch higher prices for their produce both domestically 
and internationally, thus improving their economic status and livelihoods.
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Moreover, the adoption of Suntala as the National fruit of Nepal has fostered community 
cohesion and collective action among farmers, leading to increased collaboration and mutual 
support. Farmers are now organized into farmers groups, cooperatives and associations, 
allowing them to pool resources, share knowledge, and negotiate better terms with buyers 
and suppliers. This collective empowerment has enabled smallholder farmers, in particular, to 
access markets and opportunities that were previously out of reach, reducing their vulnerability 
to market fluctuations and middlemen exploitation. Additionally, the promotion of Suntala 
cultivation has created employment opportunities along the value chain, from farm laborers 
to agro-processing workers, further empowering rural communities and stimulating economic 
growth in Nepal's agricultural heartlands. Overall, the adoption of Suntala as the National fruit 
of Nepal has not only empowered individual farmers but has also strengthened the resilience 
and sustainability of Nepal's agricultural sector, paving the way for inclusive development and 
poverty reduction.

Government support
Government support and intervention aimed at promoting its cultivation and enhancing the 
country's agricultural sector should be the next step. Recognizing the economic, cultural, 
and nutritional significance of Suntala, the Nepalese government has implemented various 
policies and initiatives to support citrus farmers and boost production. These efforts include 
financial incentives, subsidies, and credit facilities to facilitate investment in Suntala orchards 
and infrastructure development. Additionally, the government has prioritized research and 
development in citrus farming, allocating resources for breeding programs, disease management, 
and the adoption of sustainable agricultural practices. Furthermore, the designation of Suntala 
as a national symbol has led to the establishment of specialized agencies and institutions tasked 
with overseeing citrus cultivation, marketing, and export promotion, ensuring coordinated 
efforts and effective implementation of government policies.

Moreover, the adoption of Suntala as the National fruit of Nepal has influenced broader 
agricultural policies and strategies, emphasizing the importance of crop diversification, value 
addition, and market linkages. The government has integrated Suntala cultivation into its broader 
agenda for agricultural development, recognizing its potential to contribute to food security, 
rural livelihoods, and poverty alleviation. Furthermore, the promotion of Suntala has been 
leveraged in international trade negotiations and diplomatic engagements to showcase Nepal's 
agricultural prowess and enhance its global competitiveness. Through targeted support and 
strategic interventions, the government aims to harness the full potential of Suntala cultivation 
to drive rural development, economic growth, and sustainable food systems in Nepal. Overall, 
the adoption of Suntala as the National fruit of Nepal reflects the government's commitment to 
supporting and promoting agricultural innovation, entrepreneurship, and resilience in the face 
of evolving socio-economic challenges.

Health and nutrition advantages
The adoption of Suntala as the National fruit of Nepal will bring numerous health and 
nutrition advantages to the population. Suntala is renowned for its rich nutritional profile, 
being an excellent source of vitamin C, dietary fiber, and various antioxidants. The widespread 
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cultivation and consumption of Suntala have contributed to improved dietary diversity and 
micronutrient intake among Nepali communities, particularly in rural areas where access to 
fresh fruits and vegetables may be limited. The high vitamin C content in Suntala supports 
immune function, helping to combat infectious diseases and reduce the incidence of illnesses 
such as colds and flu. Additionally, the dietary fiber in Suntala promotes digestive health and 
may help prevent chronic conditions such as constipation, heart disease, and diabetes. By 
incorporating Suntala into their diets, Nepali individuals and families can enjoy the health 
benefits of this nutritious fruit, leading to improved overall well-being and quality of life.

Furthermore, the adoption of Suntala as the National fruit of Nepal has spurred initiatives and 
campaigns aimed at raising awareness about the importance of fruit consumption for health 
and nutrition. Government agencies, non-profit organizations, and community groups have 
launched educational programs promoting the consumption of Suntala and other locally-grown 
fruits as part of a balanced diet. These efforts have focused on reaching vulnerable populations 
such as children, pregnant women, and the elderly, emphasizing the role of fruits like Suntala 
in preventing malnutrition, micronutrient deficiencies, and diet-related diseases. Moreover, 
the cultivation of Suntala has provided employment opportunities in rural areas, contributing 
to poverty reduction and food security. As Suntala production continues to expand, it not 
only provides health benefits to consumers but also economic opportunities for farmers and 
communities, thus contributing to the overall well-being and resilience of Nepal's population

International collaboration
It will catalyze international collaboration and partnerships aimed at promoting agricultural 
development, trade, and cultural exchange. Recognizing the potential of Suntala as a flagship 
export product, Nepal has actively engaged with international stakeholders, including 
governments, multilateral organizations, and private sector entities, to strengthen its position 
in global citrus markets. Bilateral and multilateral trade agreements have been negotiated to 
facilitate the export of Suntala to countries around the world, leveraging diplomatic channels 
to overcome trade barriers and regulatory hurdles. Additionally, international development 
agencies and non-governmental organizations have provided technical assistance, capacity 
building, and financial support to enhance citrus production, post-harvest handling, and 
marketing capabilities in Nepal. Through collaborative efforts, Nepal has been able to tap 
into international expertise and resources, accelerating the growth of its citrus industry and 
expanding opportunities for farmers and exporters.

Moreover, the adoption of Suntala as the National fruit of Nepal has promoted cultural 
diplomacy and people-to-people exchanges, fostering greater understanding and appreciation 
between Nepal and its international partners. Suntala has become a symbol of Nepali identity 
and hospitality, serving as a center piece in cultural events, festivals, and diplomatic receptions 
both at home and abroad. Nepali embassies, consulates, and cultural centers worldwide 
showcase Suntala as a unique aspect of Nepali culture, attracting interest and curiosity from 
foreign audiences. This cultural recognition has facilitated broader collaborations in areas such 
as tourism promotion, education, and sustainable development. Furthermore, international 
visitors and tourists are drawn to Nepal to experience Suntala harvesting and processing 
firsthand, contributing to the growth of agro-tourism and cultural exchange programs. In this 
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way, the adoption of Suntala as the National fruit of Nepal has not only strengthened economic 
ties with international partners but has also deepened cultural connections, enriching Nepal's 
global engagement and fostering mutual understanding and cooperation.

Job creation
This step will play a pivotal role in job creation across various sectors of the economy. 
As Suntala cultivation expands in response to increased demand and government support, 
there is a growing need for labor in orchards, nurseries, and establishment of the processing 
industries. This surge in agricultural activity has created employment opportunities for rural 
communities, providing livelihoods for farmers, farmworkers, and agricultural technicians. 
Additionally, the development of ancillary industries such as packaging, transportation, 
and marketing has further boosted job creation along the Suntala value chain. Small-scale 
entrepreneurs have emerged to meet the demand for value-added products such as Suntala 
juice, jams, and candies, generating employment in food processing and agro-processing 
industries. Moreover, the promotion of Suntala has stimulated agro-tourism and hospitality 
sectors, with visitors flocking to citrus orchards for agro-tourism experiences, creating jobs in 
ecotourism, hospitality, and local handicrafts.

Furthermore, the adoption of Suntala as the National fruit of Nepal will catalyze job creation 
through government initiatives and private sector investments in infrastructure and rural 
development. The government's focus on enhancing post-harvest handling facilities, cold 
storage, and transportation networks has generated employment opportunities in construction, 
logistics, and maintenance. Moreover, the establishment of research institutions and 
agricultural extension services has created jobs for scientists, agronomists, and educators, 
driving innovation and knowledge dissemination in the agricultural sector. Additionally, the 
recognition of Suntala as a national symbol has attracted investment in branding, marketing, 
and international trade, leading to job creation in sectors such as advertising, export 
management, and trade facilitation. Overall, the adoption of Suntala as the National fruit of 
Nepal has not only boosted agricultural employment but has also spurred economic growth 
and diversification, creating opportunities for sustainable development and poverty alleviation 
across the country.

Research and development
It will surge in research and development initiatives aimed at advancing citrus cultivation 
techniques, sapling production technologies, enhancing fruit quality, and addressing 
agricultural challenges. With Suntala receiving national recognition and support, research 
institutions, agricultural universities, and government agencies have intensified their efforts to 
improve citrus production through scientific innovation. Research projects focus on breeding 
high-yielding and disease-resistant Suntala varieties tailored to Nepal's diverse agro-climatic 
conditions, ensuring resilience to pests, diseases, and environmental stressors. Additionally, 
research is underway to optimize cultivation practices, irrigation management, and soil 
fertility to maximize yields and minimize input costs for farmers. Furthermore, research 
and development efforts extend to post-harvest technologies, storage solutions, and value-
added product development, aimed at reducing post-harvest losses, extending shelf life, 
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and increasing the marketability of Suntala both domestically and internationally. Through 
collaborative partnerships and interdisciplinary approaches, research and development in 
Suntala cultivation contribute to the sustainable growth of Nepal's agricultural sector, driving 
innovation, productivity, and economic prosperity.

Moreover, the adoption of Suntala as the National fruit of Nepal has fostered a culture of 
scientific inquiry and knowledge sharing, leading to capacity building and skill development in 
agricultural research. Research institutions collaborate with international partners, participate 
in scientific exchanges, and leverage technological advancements to accelerate progress in 
citrus research. Additionally, government funding and support for research projects enable 
scientists and researchers to conduct field trials, collect data, and disseminate findings to 
stakeholders across the agricultural value chain. Furthermore, research and development in 
Suntala cultivation have implications beyond agriculture, with studies exploring the potential 
health benefits, culinary applications, and cultural significance of Suntala. This interdisciplinary 
research approach fosters a holistic understanding and appreciation of Suntala's role in Nepal's 
economy, environment, and society. Overall, the declaration of Suntala as the National fruit of 
Nepal will further promote research and development activities, driving scientific innovations, 
knowledge creation, and development of sustainable agricultural practices for the benefit of 
present and future generations.

Rural-urban linkages
This adoption will strengthen rural-urban linkages by creating symbiotic relationships between 
agricultural producers in rural areas and urban consumers and markets. As Suntala cultivation 
expands in rural regions, there is a growing need for transportation, logistics, and marketing 
services to connect farmers with urban markets. This has led to the emergence of intermediary 
actors such as traders, wholesalers, and transporters who facilitate the movement of Suntala 
from farms to urban centers. Additionally, the promotion of Suntala has spurred investments 
in agro-processing facilities for product diversificationand value-addition industries in both 
rural and urban areas, creating employment opportunities and economic synergies across 
the supply chain. Moreover, the recognition of Suntala as a national symbol will increase 
consumer demand and appreciation for Nepali citrus products in urban markets, driving sales 
and revenue for the rural producers. This interdependence between rural Suntala growers and 
urban consumers fosters economic integration and mutual benefits, contributing to the overall 
development and prosperity of Nepal's rural and urban communities.

Furthermore, the adoption of Suntala as the National fruit of Nepal has facilitated cultural 
exchanges and social interactions between rural and urban populations, bridging geographic 
and social divides. The promotion of Suntala as a symbol of Nepali identity and heritage has 
sparked interest and curiosity among urban consumers, leading to cultural festivals, culinary 
events, and agro-tourism experiences that celebrate Suntala and its cultural significance. 
Urban residents visit citrus orchards in rural areas to experience Suntala production, fruit 
harvesting, learn about traditional cultivation techniques, and engage with rural communities, 
fostering mutual understanding and appreciation. Additionally, rural-urban migration flows 
driven by agricultural employment opportunities and urban demand for Suntala products will 
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further strengthen linkages between rural and urban areas. This exchange of people, ideas, 
and goods contributes to social cohesion, cultural diversity, and economic resilience, laying 
the foundation for inclusive and sustainable development in Nepal. Overall, the adoption of 
Suntala as the National fruit of Nepal catalyzes rural-urban linkages, promoting collaboration, 
exchange, and shared prosperity between Nepal's rural heartlands and modern urban centers.

Social cohesion
Suntala holds deep cultural significance in Nepali society, symbolizing hospitality, prosperity, 
and auspiciousness. By designating Suntala as the national fruit, Nepal has reinforced its 
cultural identity and heritage, celebrating the rich traditions associated with citrus cultivation 
and consumption. This recognition of Suntala as a national symbol transcends regional, ethnic, 
and linguistic differences, serving as a unifying force that brings people together to celebrate 
shared values and traditions. Festivals and rituals centered around Suntala, such as the Nepali 
New Year (Nepal Sambat), Thulo Ekadashi, and the Hindu festival of Dashain,Tihar and 
Chhatha Parwa provide opportunities for communities to come together, strengthen bonds, 
and forge connections across social divides. Additionally, the promotion of Suntala cultivation 
has created cooperative networks and mutual support systems among farmers, who collaborate 
to share knowledge, resources, and best practices, further enhancing social cohesion and 
solidarity in rural areas.

Moreover, the adoption of Suntala as the National fruit of Nepal has facilitated cultural 
exchange and dialogue, fostering understanding and respect among different ethnic and 
cultural groups. Suntala's cultural significance transcends borders, attracting interest and 
appreciation from international audiences and visitors. Nepali embassies, consulates, and 
cultural centers worldwide should showcase Suntala as a symbol of Nepali identity and 
hospitality, promoting cultural diplomacy and people-to-people exchanges. Furthermore, the 
cultivation of Suntala since ancient times has created employment opportunities, contributed 
to food and nutritional security, and economic empowerment in rural communities, reducing 
poverty and inequality and promoting social inclusion. As Suntala production expands, it 
not only provides economic benefits but also strengthens social bonds and solidarity among 
Nepali communities, contributing to the overall well-being and resilience of society. Overall, 
the adoption of Suntala as the National fruit of Nepal has played a vital role in fostering social 
cohesion, cultural pride, and unity among diverse communities, laying the foundation for a 
more inclusive and harmonious society.

Sustainable farming practices
The adoption of Suntala as the National fruit of Nepal has incentivized the adoption of sustainable 
farming practices across the country, promoting environmental stewardship and agricultural 
resilience. Suntala cultivation requires careful management of natural resources such as water, 
soil, and biodiversity, making it conducive to sustainable farming approaches. Farmers are 
encouraged to adopt agroecological practices such as organic farming, intercropping, and 
agroforestry, which enhance soil health, conserve water, and promote biodiversity in Suntala 
orchards. By integrating Suntala trees with other crops and vegetation, farmers can create 
diverse and resilient agroecosystems that mimic natural ecosystems, reducing the reliance on 
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chemical inputs and mitigating the risks associated with monoculture farming. Additionally, 
the promotion of Suntala has led to investments in soil conservation measures, erosion 
control, and watershed management, safeguarding fragile ecosystems and promoting long-
term sustainability in Nepal's agricultural landscapes. 

Furthermore, the recognition of Suntala as the National fruit of Nepal will encourage 
research and innovation in sustainable agriculture system, driving the development and 
dissemination of new technologies and practices. Agricultural extension services and research 
institutions collaborate with farmers to promote climate-smart farming techniques, such as 
rainwater harvesting, drip irrigation, integrated pest management and integrated soil nutrient 
management, tailored to the needs of improved Suntala cultivation for increased yields. 
Moreover, government policies and programs provide incentives and support for farmers to 
adopt sustainable practices, including subsidies for organic certification, training in sustainable 
agriculture, and access to eco-friendly inputs. By embracing sustainable farming practices 
in Suntala cultivation, Nepal is not only enhancing the resilience and productivity of its 
agricultural sector but also contributing to global efforts to address climate change, conserve 
biodiversity, and promote food security. Overall, the adoption of Suntala as the National 
fruit of Nepal catalyzes sustainable farming practices, fostering environmental stewardship, 
economic prosperity, and social well-being in rural communities.

Tourism attraction
Suntala orchards are popular tourist destinations, attracting visitors eager to experience the 
beauty of citrus groves and participate in agricultural activities such as photographing, fruit 
picking, tasting and harvesting. Agro-tourism initiatives offer travelers immersive experiences, 
allowing them to engage with local farmers, learn about traditional cultivation techniques, and 
sample fresh Suntala fruits and products. Additionally, cultural festivals and events centered 
around Suntala, such as harvest celebrations and citrus-themed fairs, draw both domestic and 
international tourists, providing opportunities for cultural exchange and enrichment. Moreover, 
the scenic landscapes of Suntala orchards nestled amidst Nepal's picturesque mountains and 
valleys offer unparalleled photo shoot opportunities and outdoor recreational activities, further 
enhancing their appeal as tourist attractions.

Furthermore, the promotion of Suntala as the National fruit of Nepal has stimulated 
gastronomic tourism, with travelers seeking out culinary experiences that showcase the 
diversity and flavor of Nepali citrus fruits. Restaurants, cafes, and food tours feature Suntala-
inspired dishes and beverages, enticing visitors with unique flavors and culinary innovations. 
The cultural significance of Suntala as a symbol of hospitality and prosperity also extends 
to hospitality establishments, where guests are welcomed with Suntala-themed amenities 
and offerings. Overall, the adoption of Suntala as the National fruit of Nepal will enrich the 
tourism landscape, offering travelers authentic experiences, culinary delights, and cultural 
immersion opportunities that showcase the natural beauty and cultural heritage of the country.
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Misconception
The common English name of Suntala is “Mandarin Orange” which makes people relate it 
to China and have the perception that it could be of Chinese origin. However, the Nepalese 
Suntala is the native plant of the country and has retained its uniqueness- soft and loose skin, 
easily removable peel, refreshingly sweet flavor, and strong aroma. 

Hindus and Nepalese people do not eat beef or are prohibited from slaughtering cows in 
Nepal. The general reason provided is that the cow is the national Animal and hence should 
not be eaten, and if Suntala is declared as the national fruit – Suntala will be a forbidden fruit 
for Nepalese people, or by making edible Suntala Nepal’s national fruit, we open logic for the 
consumption of beef which is not true. 

Prohibition of cattle slaughter and beef consumption is based on Buddhist and Hindu beliefs 
regarding the milk provider equivalent to one’s mother. Cow is worshipped during Tihar as 
Goddess Laxmi, so it must not be consumed. Based on people’s belief and respect for the cow, 
it has been declared Nepal’s national animal and not the other way round. 

Challenges and solutions
Regional resentment: Regions with alternative fruits may perceive the selection of Suntala 
as favoritism towards certain areas, potentially causing resentment. Far west province may 
suggest Kaphal, Fig or Walnut; Karnali may suggest Apple; Lumbini may suggest Banana, 
Mango; Bagmati may suggest Lapsi, Indigeneous Pear, Pomagranate, Junar; and Madesh 
province may suggest Jack fruit, Mango, Litchi or and Koshi province may go for Aerica nuts, 
Kiwi or Coconuts. 

Economic imbalance: As Suntala cultivation is concentrated along the mid-hills from west to 
east- this region for sure will get more support and an instant economic boost upon declaration. 
The high Himalayas or hot terai where Suntala is not commercially grown will feel neglected, 
leading to economic imbalances and discontentment. For this other fruit crops suitable to those 
geographical locations will be equally promoted.

Cultural sensitivity: Newar community may consider beals (bels)/wood apple closer to their 
culture than Suntala, Maithili people prefer more sour citrus fruits than some regions might feel 
that their culturally significant fruits are overlooked, resulting in cultural dissonance. But Suntala 
is used by all communities so it should not be a problem and its National Fruit status won’t 
compromise the distinct usages of above mentioned fruits as the season varies and purposes vary. 
To accomodate such concerns, following should be considered.

Solution 1: The east-to-west extension provides the best cultivation region and source for 
fresh fruits for both Terai and Himals. Therefore, the climatic and geographic diversity can be 
harnessed following Suntala’s pathway for the respective fruits.

Solution 2: As Suntala is well grown in heat of Nagpur (lower belt-hot place)- a similar 
research-based adaptation can be tried in Terai for growing Suntala with appropriate variety 
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development. With its success, it's possible to produce and supply Suntala throughout the 
year, without having to depend on import. With cultivation of Suntala- other citrus fruits are 
cultivated together- it increases citrus cultivation areas. 

Solution 3: The upcoming programs should focus on other regionally, commercially and 
culturally important fruits also to get equitable focus in terms of support and promotion similar 
to the national fruit. Let the national fruit become the gold standard to evaluate the standard 
and status of other fruits and prepare a future roadmap.

Solution 4: Such policies must be drafted and implemented that encourage and support the 
cultivation of various fruits across different regions to promote balanced nutritional availability 
and economic development.

Solution 5: Communicate the criteria and rationale behind selecting Suntala as the national 
fruit, emphasizing fairness, objectivity, transparency in decision making.

Solution 6: Promote inter-regional collaboration by encouraging joint efforts for the promotion 
of diverse fruits, thereby fostering a collective sense of unity and shared prosperity. Emphasize 
cultural celebrations that highlight the significance of fruits across different regions, organizing 
events to cultivate a strong sense of national pride. Execute educational campaigns aimed at 
informing the public about the rationale behind selecting Suntala as the national fruit, while 
underscoring the importance of preserving varied regional agricultural practices. Adopt 
a consultative approach by involving representatives from diverse regions in the decision-
making process, ensuring inclusivity and consideration of their perspectives. Consider a 
flexible symbolism approach by contemplating the adoption of multiple national symbols, 
including fruits, to aptly represent the rich and diverse cultural and agricultural heritage of the 
entire nation.

Besides having one fruit as the national fruit does not prohibit provinces from declaring the 
popular fruit in their province as the provincial fruits. Many countries have more than one 
fruit as national fruits, some countries have as per their states, some countries have different 
national fruit for summer and winter. 

Opportunity to start a golden revolution
The Green Revolution of 1950s revoltionized production and productivity of cereal crops such 
as wheat and rice that prevented great famine in the world, similarly, white revolution brought 
a significant increase in milk production. Therefore, there is a need for such revolution in fruit 
sector which can be referred to as “Golden revolution” and Nepal can be the initiator of this 
revolution starting from the citrus sector that can be applied to other fruit crops as per the 
ecological suitability of the country. 

Recommendation 
The major recommendations to consider for developing a prosperous citrus sector following 
the adoption of Suntala the National fruit of Nepal are as follows:
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Investment on Infrastructure: Allocate resources for the development of transportation, cold 
storage facilities, and processing centers to support increased production of Suntala through 
expansion of its cultivation and promote export.

Research and Development: Prioritize funding for research initiatives aimed at improving 
Suntala varieties, cultivation techniques, economically important insect/pest and disease 
management and post-harvest practices.

Capacity Building: Provide training and technical assistance to farmers by enhancing the 
number and capacity development of the frontline extension workers on sustainable Suntala 
farming practices, nursery management for quality planting material production, pest 
management, orchard management and post-harvest management. 

Value-Added Products: Encourage the development of value-added products such as Suntala 
juice, jam, jelly, marmalade, squash, and candies to diversify products which will further 
increase revenue streams and strengthen marketability.

Market Access: Facilitate trade agreements and market access for Nepali Suntala products in 
international markets through diplomatic channels and trade negotiations.

Promotion and Marketing: Launch marketing campaigns to raise awareness about the health benefits, 
culinary versatility, and cultural significance of Suntala both domestically and internationally.

Quality Standards: Implement quality control measures and certification programs to ensure 
the consistency and safety of Suntala products for consumers.

Agro-Tourism Development: Support the development of agro-tourism initiatives that 
showcase Suntala orchards and offer immersive experiences for visitors.

Cooperative Networks: Foster collaboration among Suntala farmers through cooperative 
networks, enabling them to share resources, knowledge, and best practices.

Environmental Conservation: Promote agroecological approaches to Suntala cultivation that 
prioritize environmental conservation, soil health, and biodiversity preservation.

Community Empowerment: Empower rural communities through capacity building, access to 
resources, and economic opportunities generated by Suntala cultivation.

Youth Engagement: Engage youth in Suntala farming through educational programs, training 
workshops, and entrepreneurship opportunities to revitalize agricultural communities.

Cultural Preservation: Preserve traditional knowledge and cultural practices associated with 
Suntala cultivation and utilization through documentation, heritage initiatives, conservation 
and cultural festivals.

Gender Equality: Promote gender-inclusive policies and programs in Suntala cultivation, 
ensuring equitable access to resources and opportunities for women farmers.
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Policy Support: Advocate for policies and regulations that support the sustainable growth of 
the Suntala industry, including incentives for organic farming, research funding, and market 
access facilitation.

Conclusion
In conclusion, the adoption of Suntala (Mandarin orange) as the National fruit of Nepal 
represents a significant milestone in the country's agricultural, cultural, and economic 
development. This symbolic recognition of Suntala underscores its importance as a cultural 
icon, a source of national pride, and a driver of rural prosperity. The designation of Suntala 
as the national fruit has catalyzed a range of initiatives and collaborations aimed at promoting 
sustainable agriculture, rural livelihoods, and international trade. From investments in research 
and development to the promotion of agro-tourism and value-added products, Nepal has 
leveraged the potential of Suntala to enhance food security, generate employment, and foster 
social cohesion across diverse communities.

Furthermore, the adoption of Suntala as the National fruit of Nepal serves as a testament to 
the country's commitment to harnessing its agricultural heritage for inclusive and sustainable 
development. By embracing Suntala cultivation and innovation, Nepal has positioned itself as 
a leader in citrus production, cultural preservation, and environmental stewardship. Looking 
ahead, continued support for Suntala cultivation, research, and market development will be 
essential to unlocking its full potential as a catalyst for economic growth, cultural exchange, 
and environmental sustainability in Nepal. Through collaborative efforts and strategic 
investments, Nepal can build upon the foundation laid by the adoption of Suntala as the 
national fruit to create a vibrant and resilient agricultural sector that benefits both present and 
future generations.
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k[i7e"ld

g]kfndf kmnkm"n cGtu{t ;'Gtnfhft kmnkm"nn] dWo kxf8L If]qsf] cfly{s cj:yfdf ;'wf/ Nofpg dxTjk"0f{ 
of]ubfg u/]sf] 5 . ;'Gtnfhft kmnkm"n dWo] ;'Gtnf, lald/f] g]kfnsf] /}yfg] -Indigenous_ kmnkm"n x'g\ . xfd|f] 
b]zdf k/fk"j{sfn b]lv ;'Gtnfhft kmnkm"n v]tL x'Fb} cfPsf] kfOG5 . b]zsf s]xL k'/fgf ks]6 If]qx¿df ;o jif{eGbf 
a9L pd]/sf kmn lbg] ;'Gtnfsf af]6x¿ clxn] klg kfO{G5g\ . b]zsf] k"j{b]lv klZrd;Ddsf] dWo kxf8L e"–efu 
;'Gtnf kmnkm"n pTkfbg x'g] d'Vo If]q cGtu{t kb{5 . ;'Gtnfhft kmnkm"n cGtu{tsf ;'Gtnf, h'gf/, sfutL, lga'jf, 
ef]u6], Hofld/, lald/f], rfS;L, sf7], sdnf, df};d cflb ljleGg e"–efudf kfO{G5 / oL dWo] pTkfbg / If]qkmnsf] 
cfwf/df ;'Gtnf klxnf] :yfgdf kb{5 . o; kmnkm"n ju{sf] 5'§} dxTj a'em]/ ;'Gtnfhft kmnkm"nsf] ljsf;, la:tf/ 
/ cg';Gwfgsf nflu g]kfn ;/sf/n] Ps 5'§} sfof{no / ;do, ;dodf ljleGg cfof]hgfx? ;~rfng u/]/ ljutdf 
o;nfO{ ljz]if k|fyldstf lbPsf] kfOG5, h;n] ubf{ oL kmnkm"n afnLsf] Jofj;flos v]tLsf] la:tf/ ePsf] kfOG5 .

;'Gtnfhft kmnkm"nsf] ;+:yfut ljsf; qmd

g]kfndf ;'Gtnfhft kmnkm"nsf] ljsf; / cg';Gwfgsf] cf}krfl/s yfngLsf] ?kdf  lj=;+= @)!& ;fndf Citrus 
Research Sub–station, Pokhara / lj=;+= @)!* ;fndf Citrus Research Station, Dhankuta :yfkgf 
ePsf] lyof] . o;} u/L lj=;+= @)@# ;fndf kmnf]Bfg ljefu -Department of Horticulture_ sf] :yfkgf eof] . 
lj=;+=@)@( ;fndf k'gM s[lif ljefusf] k'gu{7g x'Fbf ;'Gtnfhft kmnkm"n ljsf; sfo{qmd sfof{Gjog ug{ /fli6«o 
:t/df /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmdsf] :yfkgf ul/Psf] lyof] .

;+:yfut ljsf;sf] ;+/rgfTds :j¿k

g]kfnsf] dWo kxf8L If]qsf] s[ifsx¿sf] cfo cfh{gdf j[l4 ug{, ;'Gtnfsf] cfoftdf k|lt:yfkg / lgof{tdf j[l4 u/L 
lab]zL d'›f cfh{g ug{ of] kmnkm"n afnLsf] ljsf;, cg';Gwfg / Joj;fonfO{ k|j4{g ug{sf] nflu k|hftGqsf] pbo 
-@))& ;fn_ kl5sf tTsflng ;/sf/x¿n] ljleGg ;dodf lgDgfg';f/ ;+:yfut ;+/rgfx? :yfkgf u/L ;'Gtnfhft 
kmnkm"nsf] k|j4{g / ljsf;sf] qmd cufl8 a9fPsf] kfO{G5 .

 y ;g\ !(^! -lj=;=@)!&_M ;'Gtnfhft kmnkm"n cg';Gwfg s]G›, dfn]kf6g, kf]v/f :yfkgf .

 y ;g\ !(^@ -lj=;=@)!*_M ;'Gtnfhft kmnkm"n cg';Gwfg s]G›, kfl/kfTn], wgs'6f :yfkgf .

 y ;g\ !(&@ -lj=;=@)@(_M /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd u7g .



24
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

 y ;g\ !(&% -lj=;=@)#@ s[lif jif{_M ;'Gtnfhft g;{/L b'Nn', b}n]v -s/f/_ .

 y ;g\ !(&& -lj=;=@)#$_M afujfgL kmfd{, b}n]v :yfkgf .

 y Horticulture Development Project (HDP) which was implemented with the support of 
Japanese Government from 1985 to 1997 AD with the objectives of increasing production 
of citrus and deciduous fruits through technological development, training and extension. 
During that period, some exotic citrus species and varieties were introduced from Japan 
and established evaluation blocks at Horticulture Centre, Kirtipur.

 y lj=;+=@)%)M /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, wgs'6faf6 sLlt{k'/ :yfgfGt/0f ul/Psf] .

 y lj=;+= @)%@M ;'Gtnf ljsf; zfvfsf] ¿kdf k'gu{7g ul/Psf] .

 y In 1996 AD, Hill Agricultural Research Project (HARP) funded by DFID was set up in 
Nepal which prioritized the competitive research on citrus.

 y On December 10, 2001 the National Agricultural Research and Development Fund 
(NARDF) was established under the Government of Nepal, Ministry of Agriculture. 
NARDF also prioritized citrus research and development programs through competitive 
grant.

 y lj=;+= @)%& df /fli6«o ;'Gtnfhft cg';Gwfg sfo{qmd, wgs'6fdf z'?jft u/L ;'Gtnfsf] k|ljlw k|;f/ / 
cg';Gwfg sfo{qmdnfO{ 5'§ofOPsf] lyof] .

 y lj=;+= @)^) ;fndf k'gu{7g u/L k'gM /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd gfdfs/0f .

 y lj=;+= @)^) d+l;/ $ ut] afujfgL kmfd{ kfNkfnfO{ ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkf gfdfs/0f .

o;/L k|fyldstf lbFb} b]zsf ljleGg 7fpFaf6 ;'Gtnfhft kmnkm"nsf] cg';Gwfg, ljsf;, lj:tf/sf sfo{qmdx? 
;~rfng u/L o; afnLdf ;sf/fTds k|efj k/]sf] kfOG5 eg] af/Daf/ ;+u7gfTds kl/jt{gaf6 ;'Gtnfhft kmnkm"n 
ljsf;sf] nflu bLuf] ?kdf sfo{qmd ;~rfng ug{ / lg/Gt/ cfjZos k|ljlw ljsf;df eg] s]xL gsf/fTds c;/ 
k/]sf] b]lvG5 . 

kl5Nnf] k6s -lj=;+= @)^)_ k'gM /fli6«o sfo{qmdsf] ¿kdf k'gu{7g ePkl5 o; sfo{qmdaf6 b]zdf ;'Gtnfhft 
kmnkm"n ljsf;nfO{ ultzLn agfpg lgDg nIo, ;f]r / Wo]o clVtof/ ul/Psf] lyof] .

nIo -Goal_

;'Gtnfhft kmnkm"n ljsf; Pj+ k|j4{g ug{ /fli6«o :t/df gLltut Joj:yf ;lxt s]G›, lhNnf tyf kmfd{ :t/df 
sfo{qmd th{'df u/L sfof{Gjog ug{ nufO{ s[ifsx¿sf] cfly{s Pj+ kf]if0f cj:yfdf ;'wf/ NofO{ ul/aL Go"lgs/0f ug{ 
;xof]u k'¥ofpg] .

;f]r -Vision_

ul/aL Go"lgs/0f ug{ ;'Gtnfhft kmnkm"n afnLsf] v]tLnfO{ Jofj;flos/0f u/L ;'Gtnfhft kmnkm"nsf] cfGtl/s dfu 
cfk"lt{ ug]{ / g]kfnL ;'Gtnfhft kmnkm"nsf] klxrfg x'g] u/L :jb]zL tyf ljb]zL ahf/df k'¥ofpg] o; sfo{qmdsf] 
;f]r /x]sf] lyof] .
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Wo]o -Mission_ 

;'Gtnfhft kmnkm"n ks]6 If]qx¿df k|fljlws ;]jf k|bfg ug]{ / ;'Gtnfhft kmnkm"n v]tLnfO{ Jofj;flos/0f u/L pRr 
u'0f:t/sf] ;'Gtnfhft kmnkm"n pTkfbg ug{ nufO{ ;'Gtnf Joj;fonfO{ k|j4{g ug]{ .

/0fgLlt -Strategy_

 y b]ze/L ;'Gtnfhft kmnkm"n v]tL / pTkfbg cj:yfsf] j:t'l:yltsf] cfFsng u/L If]qkmn, pTkfbg / pTkfbsTj 
af/] tYofÍ cBfjlws u/L ;'Gtnfhft kmnkm"n v]tL k|j4{g ug{ lbzflgb]{z ug]{ .

 y ;'Gtnfhft kmnkm"n v]tLdf cfO{kg]{ k|fljlws ;d:ofx¿sf] lg/fs/0fsf] nflu k|fljlws ;/;Nnfx Pj+ ;]jf 
k|bfg ug]{ / ug{ nufpg] sfddf ;xof]u ug]{ .

 y ;'Gtnfhft kmnkm"n v]tLsf] nflu cfjZos kg]{ la?jf pTkfbg l:ylt cWoog u/L la?jfsf] dfu / cfk"lt{ 
Joj:yf ldnfpg cfjZos ;xof]u ug]{ .

 y ;'Gtnfhft kmnkm"n v]tL k|j4{g ug{ ;/f]sf/jfnfx¿ aLr k|ljlw x:tfGt/0f ug{ tflnd kl/of]hgfsf] k|:tfj / 
;DalGwt sfo{df ;xof]u k|bfg ug{ >f]t JolQm -Resource Person_ ;]jf pknJw u/fO{ ;xof]u ug]{ .

 y ;'Gtnfhft kmnkm"n ;DaGwL cWoog tyf ;j]{–;j]{If0f cflb af/] ;/sf/L, u}/ ;/sf/L Pj+ cGt/f{li6«o ;+3 
;+:yfx¿;Fu ;dGjo u/L 1fg, ;Lk / cfof]hgf xfl;n ug{ ;xof]u cfbfg–k|bfg ug]{ .

 y ;'Gtnfhft kmnkm"n v]tL Pj+ la?jf pTkfbg / g;{/L tyf au}+rf Joj:yfkgsf] ;d:ofdf cfwfl/t cWoog sfo{ 
/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/sf] ;xeflutf -Collaboration_ df s]G›Lo afujfgL s]G›, 
sLlt{k'/ / ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkfdf ;~rfng ug{'sf ;fy} NARC cGtu{tsf kmfd{÷s]G›;Fu 
cg';GwfgfTds sfo{df ;xsfo{ ug]{ .

 y t/fO{ If]qdf ;'Gtnfhft kmnkm"n dWo] s]xL kmnkm"n h:t} ef]u6], lga'jf / Hofld/ /fd|f] pTkfbg x'g] u/]sf] / 
sfutL Pj+ lsGgf] ;'Gtnfsf] klg pTkfbg ;Defjgf b]lvPsf] 5 . t;y{, oL hftsf kmnkm"n If]q lj:tf/ ug]{ 
sfo{nfO{ k|f]T;fxg ug{ /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/sf] ;xeflutfdf pQm afnLx¿sf] v]tL 
af/] cWoog pi0f k|b]zLo afujfgL s]Gb, gjnk'/ / pi0f k|b]zLo afujfgL s]G›, hgsk'/df ug]{ .

 y b]ze/Lsf ljleGg ;'Gtnfhft kmnkm"n pTkfbg ks]6 If]qx¿df kmn pTkfbg / pTkfbsTj j[l4 ug{ au}+rf 
Joj:yfkgsf] pko'Qm k|ljlw Pj+ tl/sfx¿sf] ;dfof]hg u/L c;n s[lif sd{sf] -Good Agriculture 
Practice_ Kofs]h tof/ u/L tbg'¿k lhNnfx¿df k|fljlws ;]jf k|bfg ug]{ .

 y ;'Gtnfhft kmnkm"n v]tL ug{ rfxg] s[ifsx¿nfO{ ;'Gtnfhft kmnkm"n v]tL ;DaGwL sfo{ of]hgf tof/ ug{ 
;xhLs/0f u/L ;'Gtnfhft kmnkm"n v]tLsf] If]q lj:tf/df ;xof]u k'¥ofpg] .

 y ;'Gtnfhft kmnkm"nsf] hftLo ljsf; ug{ :jb]z tyf ljb]zdf kfOg] hd{KnfHdx¿ ;+sng, d"NofÍg, ;+j4{g, 
;+/If0f tyf k|j4{g ug]{ sfo{qmddf s]G›Lo afujfgL s]G›, sLlt{k'/, ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkf / 
pi0f k|b]zLo afujfgL s]G›, gjnk'/nfO{ ;xof]u ug]{ .

 y /fli6«o, If]qLo / lhNnf :t/df ;'Gtnfhft kmnkm"n ljsf; sfo{qmd th{'df Pj+ sfof{Gjog ug{ cfjZos 
lgb]{lzsf, dfu{bz{g, sfo{ljlw / gd{;\ tof/ ug]{ / ;do;fk]If kl/dfh{g ub}{ n}hfg] .
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 y ;'Gtnfhft kmnkm"n pTkfbg ;DaGwL /fli6«o gLlt, /0fgLlt, lgb]{zg / dfu{bz{g th{'df ug]{ .

 y /fli6«o÷cGt/f{li6«o :t/df ;'Gtnfhft kmnkm"n afnL pTkfbg ;DaGwL ljsl;t gofF k|ljlwx¿af/] k|fljlwsx¿nfO{ 
hfgsf/L u/fpg /fli6«o÷cGt/f{li6«o :t/df ;ef, uf]i7L / tflnd Pj+ e|d0f sfo{qmd ;~rfng ug]{ Joj:yf 
ldnfpg] .

 y ;'Gtnfhft kmnkm"n v]tLsf] If]q lj:tf/sf nflu ;DefJo ks]6 If]qx¿ klxrfg, cWoog / ;j]{If0f ug]{ .

 y ;/sf/L tyf lghL If]qdf la?jf pTkfbg ug]{ g;{/Lsf] k|fljlws lg/LIf0f u/L :j:y, /f]ud'Qm / u'0f:t/o'Qm la?jf 
pTkfbg Pj+ laqmL ljt/0f ug{ nufpg] .

 y ;'Gtnfhft kmnkm"n v]tL tyf Jofj;foLs/0f ;DaGwL pGgt k|ljlw s[ifs ;dIf x:tfGt/0f ug{ lhNnf s[lif 
ljsf; sfof{no;Fusf] ;xsfo{df k|fljlws ;]jf -Technical Back-up_, k|rf/–k|;f/ tyf lj:tf/ ug]{ .

 y pk/f]Qm sfo{x¿ ug{ /fli6«o:t/df /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmdsf] sfof{nosf] Joj:yfkg kIfnfO{ 
;'b[9 ug{ sfof{nosf] ;fwg >f]t af/] ;dLIff u/L cfjZos Joj:yf ldnfpg lg/Gt/ kxn ug]{ .

;'Gtnfhft kmnkm"n ljsf; ;DaGwL sfo{qmd ;~rfng ug]{ tTsfnLg ;/sf/L lgsfox¿

!=  /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/ .

@=  s]G›Lo afujfgL s]Gb|, sLlt{k'/, sf7df08f} .

#=  ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkf .

$=  ;'Gtnfhft kmnkm"n cg';Gwfg s]G›, kf/LkfTn], wgs'6f  .

%=  pi0f k|b]lzo afujfgL s]G›, gjnk'/ .

^=  pi0f k|b]lzo afujfgL s]G›, hgsk'/ .

&=  lhNnf s[lif ljsf; sfof{nox¿ .

/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmdsf] k|d'v sfo{x?

!= sfo{qmd cg'udg÷lg/LIf0f 

 y ks]6 If]q cg'udg lg/LIf0f .

 y ;/sf/L kmfd{÷s]G› cg'udg lg/LIf0f .

 y lghL g;{/L cg'udg lg/LIf0f .

 y ;/sf/L kmfd{÷s]G›sf] la?jf pTkfbg tyf u'0f:t/ cg'udg .

@=  k|ljlw k|;f/ Pj+ k|fljlws ;]jf

 y au}+rf Joj:yfkg ;DaGwL k|fljlws ;]jf . 
 y g;{/L Joj:yfkg tyf la?jf pTkfbg ;DaGwL k|fljlws ;]jf .
 y ;'Gtnfhft kmn pTkfbgf]k/fGtsf] lqmofsnfk af/] k|fljlws ;]jf .
 y cfsl:ds ;d:ofx¿sf] lg/fs/0f÷lgbfg ug{ k|fljlws ;]jf .
 y ;'Gtnfhft kmnkm"n v]tL ug]{ ;]jfu|fxLnfO{ ;'Gtnfhft kmnkm"n v]tLsf] sfo{ of]hgf tof/ ug{ ;xof]u ug]{ .
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#=  ;DefJotf÷k|efjsfl/tf cWoog÷;j]{If0f 

 y ;'Gtnfhft kmnkm"nsf] gofF ks]6 If]q klxrfg ug{ ;DefJotf cWoog .

 y /f]u sL/fsf] l:ylt af/] hfgsf/L xfl;n ug{ :ynut cjnf]sg tyf ;j]{If0f sfo{ .

 y sfof{nojf6 ;~rflnt sfo{x?sf] k|efjsfl/tf cWoog .

$=  ;"rgf tyf tYof° ;+sng

 y ;'Gtnfhft kmnkm"nsf] If]qkmn, pTkfbg tyf pTkfbsTj ;DaGwL tYofÍ ;+sng u/L /]s8{ /fVg] / 
k|sfzgsf] dfWodaf6 ;/f]sf/jfnfnfO{ pknAw u/fpg'sf] ;fy} ;'Gtnfhft kmnkm"n ks]6 If]qx¿df /x]sf] 
au}+rfx¿sf] cj:yfsf] ;d]t hfgsf/L ;+sng ug]{ .

 y ;/sf/L / lghL:t/df ePsf ;'Gtnfhft kmnkm"nsf] u'0f:t/o'Qm la?jf pTkfbg l:ylt, la?jfsf] dfu / 
cfk"lt{ Joj:yf ldnfpg /fli6«o :t/df jf;nft -Balance Sheet_ tof/ ug]{ .

%=  cWoog÷cg';Gwfg 
 y ;'Gtnfhft kmnkm"n afnLdf b]lvg] ;d:ofx¿sf] lgbfgsf] nflu k|ljlw ljsf; ug{ kmfd{÷s]G›;Fusf] 

;xsfo{df cWoog tyf cg';GwfgfTds sfo{qmd ;~rfng ug]{ .

 y :j:y / /f]ud'Qm ;'Gtnfhft la?jf pTkfbg Pj+ g;{/L Joj:yfkgdf cfpg] ;d:of ;dfwfg ug{ kmfd{÷s]G›;Fusf] 
;xsfo{df cWoog cg';GwfgfTds sfo{ ug]{ .

^=  tflnd÷cWoog e|d0f

 y s]G› / lhNnf :t/df s[ifsx¿ / s[ifs ;d"xnfO{ ;'Gtnfhft kmnkm"n k|ljlw af/] hfgsf/L u/fpg tflndsf] 
cfof]hgf tyf Joj:yf ug]{ .

 y ;'Gtnfhft kmnkm"n ljsf;df ;+nUg hgzlQmnfO{ ;Ifd agfpg gofF k|ljlw af/] cjut u/fpg /fli6«o tyf 
cGt/f{li6«o :t/sf] tflnd / cWoog e|d0fdf ;xefuL u/fpg Joj:yf ldnfpg] .

&=  k|ljlw ljsf; Pj+ lj:tf/ 

 y ;'Gtnfhft kmnkm"ndf hflto ljsf; x]t' :jb]z Pj+ ljb]zdf kfOg] hd{KnfHdx¿sf] ;+sng, d"NofÍg, 
;Dj4{g Pj+ ;+/If0f ug{ kmfd{÷s]G›x¿;Fu ;xsfo{ ug{ ;xof]u ug]{ .

 y cfofltt Pj+ :jb]zdf ljsl;t k|ljlwx¿nfO{ k/LIf0f Pj+ cfjZos kl/dfh{g u/L s[lif k|;f/ dfWodaf6 
lj:tf/ ug{df ;xof]u ug]{ .

 y b]zel/sf ;'Gtnfhft kmnkm"n ks]6 If]qx¿df pTkfbg / pTkfbsTj j[l4 ug{ pGgt k|ljlw tyf Joj:yfkg 
k4ltnfO{ PsLs[t u/L s[lif sd{x¿sf] Kofs]h -Package of Practices_ tof/ u/L lhNnf s[lif ljsf; 
sfof{nox¿nfO{ pknAw u/fpg] .

 y ;'Gtnf au+}rf ;'b[9Ls/0f sfo{qmd

*=  k|fljlws k|sfzg

 y jflif{s k'l:tsf k|sfzg, tYofÍ b:tfj]hLs/0f, n]vg tyf k|sfzg .
 y ;'Gtnfhft kmnkm"n au}+rf Joj:yfkg, cWoog÷cg';Gwfg tyf vf]hd"ns k|fljlws ;fdfu|L k|sfzg .
 y ;'Gtnfhft kmnkm"n  ;DaGwL cfjlws k|ltj]bg k|sfzg .
 y k|ljlw k|;f/sf] nflu ;'Gtnfhft kmnkm"n ;DaGwL k|fljlws k'l:tsf, kf]i6/, kDkn]6, lnkmn]6 cflb 

k|sfzg .
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/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd, sLlt{k'/sf] ;+u7gfTds ;+/rgf

/fli6«o ;'Gtnfhft afnL ljsf; sfo{qmdsf] :yfkgf sfnb]lvsf sfof{no k|d'vx?sf] ljj/0f

qm=;+= gfd y/ kb sfo{ cjlw >]0fL
! >L kbd k|;fb >]i7 k|=;'=lj=c= @)@(÷)*÷)*–@)#^÷!)÷@! /f=k=k|=k|f=
@ >L q}nf]Sogfy >]i7 sf=d'=k|=;'=lj=c= @)#^÷!@÷)&–@)$!÷)$÷@* /f=k=k|=k|f=
# >L d'lQmgfy kf]v/]n sf=d'=k|=;'=lj=c= @)$!÷)$÷@(–@)$!÷!@÷)$ /f=k=k|=k|f=
$ >L /fdabn ;fx sf=d'=k|=;'=lj=c= @)$!÷!@÷)%–@)$#÷)%÷)& /f=k=k|=k|f=
% >L /fdabn ;fx k|=;'=lj=c= @)$#÷)%÷)*–@)$(÷)&÷@! /f=k=k|=k|f=
^ 8f= q}nf]Sogfy >]i7 sf=d'=k|=;'=lj=c= @)$(÷)*÷)$–@)%!÷)$÷)* /f=k=k|=k|f=
& >L s[i0f axfb'/ >]i7 sf=d'=k|=;'=lj=c @)%!÷)$÷#@–@)%@÷)$÷#) /f=k=k|=k|f=
* >L ;'/]z s'df/ jdf{ ;'=lj=c= @)%@÷)%÷)!–@)%#÷)#÷@% /f=k=lå=k|f=
( >L nf]sgfy b]jh' lg=;'=lj=c= @)%@÷)%÷)!–@)%#÷)#÷@% /f=k=lå=k|f=
!) >L an/fd /fhe08f/L ;'=lj=c= @)%#÷)#÷@^–@)%$÷!!÷@$ /f=k=lå=k|f=
!! >L nf]sgfy b]jh' ;'=lj=c= @)%$÷!!÷)$–@)%*÷)%÷#! /f=k=lå=k|f=
!@ >L b]a]G› s'df/ ;/f{km ;'=lj=c= @)%*÷)^÷)!–@)^!÷)^÷)^ /f=k=lå=k|f=
!# >L nf]sgfy b]jh' lg=k|= @)^!÷)^÷)&–@)^@÷)!÷)* /f=k=k|=k|f=
!$ >L nf]sgfy b]jh' sf=d'=k|= @)^@÷)!÷)(–@)^@÷)&÷)* /f=k=k|=k|f=
!% >L nf]sgfy b]jh' lg=k|= @)^@÷)&÷)(–@)^$÷)%÷)* /f=k=k|=k|f=
!^ >L /fdaxfb'/ >]i7 lg=k|= @)^$÷)%÷)(–@)^^÷)@÷!) /f=k=k|=k|f=
!& >L r'6/fh u'?ª sf=k| @)^^÷)@÷!!–@)^&÷)^÷)* /f=k=k|=k|f=
!* 8f= uh]G›;]g lg/f}nf sf=k| @)^&÷)^÷)(–@)^*÷)$÷)$ /f=k=k|=k|f=
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qm=;+= gfd y/ kb sfo{ cjlw >]0fL
!( >L km'n]Zj/ l;+x sf=k|= @)^*÷)$÷)%–@)^(÷)@÷!! /f=k=k|=k|f=
@) >L ofds'df/L >]i7 lg=sf=k|= @)^(÷)@÷!@–@)^(÷)$÷)^ /f=k=lå=k|f=
@! >L dx]G›dfg >]i7 sf=k|= @)^(÷)$÷)&–@)&)÷)!÷)* /f=k=k|=k|f=
@@ 8f= of]u]zx/L >]i7 lg=sf=k|= @)&)÷)!÷)(–@)&!÷)@÷!% /f=k=lå=k|f=
@# >L /fdfgGb s'dL{ sf=k|= @)&)÷)@÷!^–@)&!÷)@÷@) /f=k=k|=k|f=
@$ >L uf]jw{g clwsf/L lg=sf=k|= @)&!÷)@÷@! –@)&!÷!@÷!& /f=k=lå=k|f=
@% 8f=/ldtf dfgGw/ sf=k|= @)&!÷!@÷!*–@)&@÷)(÷)* /f=k=k|=k|f=
@^ >L uf]jw{g clwsf/L lg=sf=k|= @)&@÷)(÷)(–@)&@÷!!÷#) /f=k=lå=k|f=
@& >L sf}zn s'df/ kf}8]n sf=k|= @)&@÷!@÷)!– @)&#÷)(÷)# /f=k=k|=k|f=
@* >L uf]jw{g clwsf/L lg=sf=k|= @)&#÷)(÷)$– @)&#÷!@÷)& /f=k=lå=k|f=
@( 8f= zfGtf sfsL{ sf=k|= @)&#÷!@÷)*– @)&%÷)#÷@* /f=k=k|=k|f=

  
lgisif{

g]kfnsf] ;+ljwfg @)&@ n] lglb{i6 u/] adf]lhd /fHosf] k'gM;+/rgf;Fu} lj=;+=@)&% ;fndf ;fljssf kmnkm"n 
ljsf; lgb]{zgfno, /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd / lrof tyf skmL ljsf; zfvf u/L tLg j6f s]G›Lo 
sfof{nox? ufe]/ oL tLg sfof{nox?af6 ;Dkfbg ul/g] sfo{x? ug{ g]kfn ;/sf/sf] ldlt @)&%÷)#÷@* sf] lg0f{o 
cg';f/ @)&% >fj0f dlxgfb]lv s[lif ljefu dftxt /xg] u/L Ps ;‹Lo sfof{nosf ?kdf xfnsf] æ/fli6«o kmnkm"n 
ljsf; s]G›Æ, sLlt{k'/sf] :yfkgf ePsf] xf] . xfn ;'Gtnfhft kmnkm"n ;DaGwL g;{/L ;'b[9Ls/0f, :j:y la?jf 
pTkfbg / au}rf la:tf/sf sfo{qmdx? :yfgLo txdf ;zt{ sfo{qmd dfkm{t\ ;~rfng ul/Fb} cfOPsf] 5 . o;/L /fli6«o 
?kdf ljz]if k|fyldstf kfPsf] afnLsf] Ps 5'§} /fli6«o sfo{qmd cGo kmnkm"n afnL;Fu} ;dfj]z u/LPsf]n] o;sf] 
ljsf;, lj:tf/ / k|j4{gdf kfpg' kg]{ hlt dxTj kfO/x]sf] 5}g . o;y{, /fli6«o ;'Gtnfhft afnL ljsf; sfo{qmd k'gM 
:yfkgf u/L ;'Gtnfsf] tLj| ultdf ljsf;, lj:tf/ / k|j4{g ug{'kg]{ cfjZostf dx;"; ul/Psf] 5 / o;n] :j:y la?jf 
pTkfbgsf] nflu ljz]if lgodgsf/L e"ldsf v]Ng'kg]{ b]lvG5 .
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g]kfnsf] /fli6«o kmn ;'GtnfM P]ltxfl;s tyf j}lbs ljZn]if0f

jf;'b]j sfˆn]*
s[lif If]q ljsf; sfo{qmd, lj/]Gb|gu/, ;'v{]t

*Corresponding Author: kaphlebasu@gmail.com

k|flrg ;do b]lv g} g]kfn s[lif pTkfbgsf] b[li6af6 dxTjk"0f{ :yfg /x]sf] s'/f ljleGg P]ltxfl;s tyf j}lbs 
zf:qx?df pNn]v ul/Psf] 5 . sfZokd'lg -Clif_ åf/f /lrt k|flrg s[lif zf:q …sfZokLos[lif k4lt… df jiff{ ePkl5 
s[lif sfo{ z'? ug{'kg]{ / kmnkm"nsf] la?jf nufO{ dxfjg au}Frf agfpg' kg]{ / ;+/If0f ug{'kg]{ s'/f pNn]v 5 . h;df 
g]kfn b]zsf] klg pAhfp e"ld rog ug{' kg]{ af/] j0f{g ul/Psf] 5 . 

sfZdL/b]Zos] jËb]Zo] g]kfnb]Zos] .
k~rfnsf];ns'?lj/f6fGjTo e"lds] ..
dfnj] zsb]Zo] jf l;Gw';f}aL/e"ldif' .
z'/;]gfjflGtr]lbsf]Í0ffG„flb e"ldif' ..
obf obf j[li6kft:tbf z:tf s[liflqmof .

Pj+ dxfjg+ /Io+ gjLtL/]if' jf s"lrt ..
ufGwf/– s'lGt–k~rfn–sZdL/fjlGt e"ldif' .
l;Gw'– g]kfn –lgifw–sf];nfËlb e"ldif' .
u'h/fj{'bf ;f}/fi6«k|d'v lb:y n]if' r . 
b]z]if' ljljw]ij]j+ ;f/e"ld:yn] g[kM ..
-sfZokLos[lifk4lt_ 
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;'Gtnf g]kfnsf] k|flrg kmnkm"n /x]sf] / s[ifsx?n] k|flrg ;do b]lvg} o;sf] v]tL ub}{ cfPsf] eg]/ a'lemG5 . 

o;} u/L cfo'j]{lbs zf:qx?df klg ;'Gtnf Ps u'0fsf/L kmn ePsf] s'/f j0f{g 5 . g]kfnsf] k'/fgf] x:tlnlvt 
af]6la?jfsf] ;lrq JofVof ul/Psf] k':tsdf -x:tlnlvt rG›lg306'_ klg ;'GtnfnfO{ …gf/Ë… elg n]lvPsf] / 
o;sf] ;lrq j0f{g ul/Psf] 5 . pQm rG›lgw06'df ;'GtnfnfO{ g]jf/L efiffdf …;'Gtnf+l;… elgG5 eGg] s'/f klg pNn]v 
5 . k|flrg rG›lg306' /fhf k|wfgdGqL rG›zdz]/sf] kfnfdf Ps j}Bn] x:tlnlvt ?kdf lnlka4 u/]sf] s'/f pNn]v 
5 . rG›lg306'df ;'Gtnfsf] pTklt :yfg g]kfnsf] dWo kxf8L efu egL pNn]v ;d]t ul/Psf] 5 . 

kl5Nnf] ;do b]z ljb]zsf zf]wstf{, cWoog cg';Gwfgstf{n] klg ;'Gtnfsf] pTklQ -Center of Origin_ rLgsf] 
blIf0fL efu / OlG8ofsf] pQ/L efudf ePsf] eGg] pNn]v u/]sf 5g\ . oL b'O{ e"–efusf] aLrdf g]kfn kb{5 . 
To;}n] g]kfnsf] e"–efudf o;sf] pTklQ ePsf] j}lbs / cfo'j]{b zf:qx?n] klg j0f{g u/] h:t} k|flrg ;do b]lvg} 
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b[li6sf]0faf6 klg ;'Gtnf /fli6«o kmn ePsf] pko'Qm b]lvG5 .  
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Abstract

Mandarin orange, commonly known as Orange or Suntala in Nepali, holds significant religious, 
cultural, social, and economic value in Nepal, where its cultivation dates back to ancient times, 
with seeds initially collected from the wild in Khoku. Development efforts for mandarin orange 
began in 1960, and it is grown in 66 districts across elevations ranging from 200 to 2000 meters 
above sea level, with the mid-hills being particularly renowned as the "gold of the mid-hill." 
Nepalese mandarin orange stands out internationally for its superior qualities, including shininess, 
juiciness, sweetness, and overall eating experience. With a total of 60 landraces, including two 
registered indigenous varieties (Khoku Sthaniya and Banskharka Sthaniya) and one exotic 
variety (Unshiu), along with 43 exotic varieties, mandarin orange diversity is a crucial aspect of 
agricultural heritage. More than 400 years old plant have also been reported from Khoku, Dhankuta 
(Bantava Rai community). Conservation efforts encompass various approaches such as field gene 
banks, agro-gene sanctuaries, community field gene banks, and household field gene banks, with 
approximately 30 landraces currently under conservation alongside their passport data. However, 
citrus greening disease poses a significant threat to the genetic diversity of mandarin orange, 
necessitating the use of both vegetative and sexual propagation techniques to maintain diversity. 
Some production areas boast ancient trees that yield unique and renowned fruits, attributed partly to 
specific geographical conditions like those found in Khoku, Mankamana, and Gulmi. Given these 
unique attributes, such areas are prime candidates for geographical indication and collective rights 
protection. Promoting location-specific genetic diversity and employing genetic improvement 
strategies such as hybridization and biotechnological tools are essential for creating, maintaining, 
and enhancing mandarin orange genetic diversity. Such endeavors not only safeguard the rich 
heritage of mandarin orange landraces but also ensure the sustainability and resilience of Nepal's 
mandarin orange industry in the face of evolving challenges.

Keywords: Genetic diversity, Field genebank, Landrace, Geographical indication, Conservation, 
Distribution
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Introduction 
Mandarin orange, scientifically known as Citrus reticulata Blanco, is a diploid fruit crop 
with a chromosomal count of 2n=2x=18. In Nepal, it holds significant economic value and 
is highly esteemed as a native commercial fruit crop. Among the 17 citrus species, Citrus 
reticulata Blanco stands out as the foremost in terms of economic importance. Nepal boasts a 
rich diversity of mandarin orange varieties, most of which are locally developed and adapted 
to specific regions, showcasing distinct characteristics from one another. Commonly referred 
to as "Orange" or "Suntala" in Nepal, mandarin orange holds a special place in the local 
agricultural landscape (Adhikari et al., 2021; NCRP, 2023).

Formal development efforts for mandarin orange cultivation commenced in 1960, with initiatives 
launched in Pokhara and Dhankuta. Subsequently, research endeavors began in 1972, further 
enhancing the understanding and cultivation techniques of this prized fruit. Mandarin oranges 
are renowned for their delectable taste, high yield capacity, and nutritional richness. They are 
packed with essential nutrients, including vitamin C, A, and B, along with a high fiber content. 
Additionally, mandarin oranges are known for their effectiveness in alleviating constipation 
and promoting skin radiance. The oil extracted from mandarin orange peel is highly valued 
in cosmetic applications. Renowned for their vibrant and attractive color, ranging from sunny 
oranges to deep yellows, they captivate with their visual appeal. Moreover, the scent of both 
mandarin orange flowers and fruits is irresistibly alluring, evoking images of sunny orchards 
and sweet citrus blossoms. As a travel fruit, mandarin oranges hold a special place, offering 
convenience and peace of mind to busy travelers. With no need for washing before consumption 
and their naturally protective peel minimizing the risk of contamination, mandarin oranges are 
the perfect on-the-go snack for those craving a burst of refreshing flavor without any fuss.

The diversity of mandarin orange varieties, both phenotypically and genotypically, has been 
studied (Acharya et al., BS 2076, Munankarmi et al., 2023 AD). Despite the introduction 
of numerous varieties, the utilization of genetic diversity remains limited. Notably, ancient 
mandarin orange trees dating back around 400 years have been discovered in Dhurkot, Gulmi 
district, maintained by farmer Kamal Thapa. Conservation efforts for mandarin orange diversity 
primarily rely on field gene banks and conservation through utilization. However, many 
indigenous landraces are at risk of extinction, underscoring the need for robust conservation 
strategies. In Nepal, mandarin orange branding based on geographical location is a common 
practice. However, initiatives for collective rights and geographical indication tags are yet 
to be explored or implemented, representing potential avenues for further valorizing this 
cherished fruit crop.

Some challenges related to Suntala include its naming conventions; while the fruit is known as 
"Fal" in Nepali, it is officially referred to as "Falful." Unlike rice, Suntala fruits are typically 
named after the production area rather than having distinct cultivar names. In terms of cultivation, 
a true type does not involve different species or cultivars for the scion and rootstock. If different 
scion and rootstock are used, it results in what is known as an Organ Transplanted Organism 
(OTO), which should not be confused with a Genetically Modified Organism (GMO).
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Methodology 
The methodology employed in this study encompassed a multi-faceted approach to 
comprehensively investigate mandarin orange landraces, focusing on their diversity, 
conservation, and the potential for geographical indication. Firstly, an extensive literature review 
was conducted to synthesize existing knowledge and understand the current state of research 
regarding mandarin orange landraces. This served as a foundation for further exploration and 
analysis. Subsequently, six focus group discussions were organized across different districts, 
engaging local communities and stakeholders. These discussions provided valuable insights into 
various aspects of mandarin orange cultivation, including the diversity of landraces, conservation 
practices, and perceptions regarding geographical indication. In addition to the focus group 
discussions, a key informant survey was conducted, involving 10 individuals with expertise 
in mandarin orange cultivation, conservation, and geographical indication. Their inputs offered 
nuanced perspectives and enriched the understanding of the subject matter.

Field observations were carried out at five sites to observe mandarin orange landraces in their 
environment. Furthermore, mandarin orange landraces, comprising seeds and shoots, were 
collected from diverse districts. These collections were carefully conserved in a field gene 
bank to safeguard the genetic diversity of mandarin orange landraces and ensure their long-
term sustainability.

Origin and distribution 
The origin of mandarin orange can be traced back to ancient times in Nepal, where seeds were 
collected from the wild in the Khuku region and subsequently domesticated, particularly in 
the Dhankuta district (Joshi et al., BS 2080). Dan Bahadur Rai, a 65-year-old farmer, along 
with other senior farmers from the Khoku area, recounted that the cultivation of Suntala in 
Khoku originated by gathering fruits and seedlings from the neighboring Khoku forest (now 
it is called Mujure Cherpa Saamudaaik Ban (d'h'/] r]kf{ ;fd'blfos jg) (Figure 1). According to 
their accounts, the Bantawa Rai people were relocated from Sankhuwasaba to Khoku district 
in ancient times. Prior to their arrival, the area was inhabited by the Naga tribe, who began 
cultivating Suntala after collecting it from wild areas. The Naga tribe (now in Nagaland, 
India) recognized the importance and usefulness of Suntala by observing monkeys eating the 
fruits. There is also a report of wild species reported from Mangtewa, Sankhuwasawa and 
Dadeldhura districts (Mohan Thapa, personal comm. 2024). While samples from Nepal might 
be insufficient for fully tracing the origin of the mandarin orange, it is possible that the species 
originated simultaneously in various locations, including Nepal's mid-hills, which are home 
to many citrus species. Numerous wild citrus species are native to these areas, suggesting that 
the mandarin orange may also have originated in Nepal. Additionally, the origins of landraces 
are crucial, with many having developed naturally within Nepal.

Scientists believe that both citron and mandarin orange originated in this part of the world and 
have been grown since the pre-historical period (Paudyal et al., n.d.). mandarin orange and citron 
are considered indigenous crops of Nepal, with Chinese travelers even mentioning Nepal as "the 
country of golden fruits" around 2000 years ago when they observed the yellow color of mandarin 



38
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

orange fruits at ripening (Lohar and Lama, 1997). The Nepali name for mandarin orange, "Suntala," 
translates to "golden story," which aligns with the description provided by Chinese travelers. 
Additionally, the Sanskrit word for mandarin orange, "Narangi," also indicates the antiquity of 
the crop in Nepal. Historical records and research further support mandarin orange's indigenous 
status in Nepal. Bonavia, cited by Shrestha and Verma (1998), considered mandarin orange as an 
indigenous fruit of Nepal. Tanaka (1954) identified the Himalayan foothills, including regions from 
eastern Burma, Assam, Sikkim and Punjab, as the native habitat of Citrus medica and C. limon, 
referring to this area as the Medica-Limon chain. Local farmers in districts like Darchula and 
Shakhuwasava claim that their forefathers collected mandarin orange trees from the wild. These 
historical accounts provide clear evidence that citron, mandarin orange, and hill lemon (Nibuwa) 
are native fruits of Nepal and have been cultivated since pre-historical times, highlighting the 
deep-rooted cultural and agricultural significance of mandarin orange in the region.

Figure 1. Khoku forest area and Mandarin orange growing area

The distribution of mandarin orange cultivation in Nepal is widespread, primarily concentrated 
in the mid-hill regions across the country. It is a major sub-tropical fruit and is cultivated in 66 
districts spanning a wide range of altitudes, from as low as 200 meters in Chitwan to as high 
as 2000 meters in Dadeldhura. This distribution in terms of altitude range and districts is based 
not only the large area of mandarin orange but also based on the availability of single plant of 
mandarin orange near farmer’s house. Commercial production of mandarin orange occurs in 
60 districts, indicating its economic significance (Figure 2). In the mid-hill areas, mandarin 
orange cultivation is a common practice, with almost every household growing at least a few 
plants around their houses or in kitchen gardens. Some of the most famous districts known for 
their mandarin orange production include Taplejung, Panchthar, Terhathum, Dhankuta, Ilam, 
Bhojpur, Udayapur, Sankhuwasabha, Solukhumbu, Okhaldhunga, Sindhuli, Ramechhap, 
Kabhre, Chitwan, Nuwakot, Gorkha, Lamjung, Myagdi, Tanahu, Kaski, Parbat, Baglung, 
Syangja, Nawalparasi, Palpa, Gulmi, Arghakhanchi, Rukum, Pyuthan, Rolpa, Salyan, Dailekh, 
Jajarkot, Kailali, Dadeldhura, Doti, Bajura, Bajhang, Baitadi, Darchula and Achham. This wide 
distribution across various altitudes and regions highlights the adaptability and popularity of 
mandarin orange cultivation in Nepal, contributing significantly to both household subsistence 
and commercial agriculture. Districts without mandarin orange are 11 (Humla, Jumla, Parsha, 
Dhanusa, Mahottari, Banke, Siraha, Rautahat, Bara, Manang and Mustang).
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Figure 2. Mandarin orange growing districts in Nepal. Districts with no color mean no mandarin orange. In some 
district, only few plants of mandarin orange can be observed. Here, only one plant of mandarin orange if found 
in a district, it is considered as mandarin orange growing district.

Traditional innovations 
In Nepal, mandarin oranges are lovingly referred to as "Suntala," a name that carries deep 
cultural significance. The term originates from the belief that the matured fruit, with its 
golden hue, resembles gold itself. Farmers, recognizing the value of this precious fruit, liken 
it to gold and affectionately dub it "Suntala." This connection is further emphasized by the 
visual similarity of the fruit hanging from the tree, resembling steps or "tala" in Nepali, hence 
"Suntala." Farmers, being the custodians of traditional knowledge, have long been the primary 
source of expertise on mandarin oranges. They propagate these fruits through methods like 
seeds and layering, often cultivating them near their kitchen gardens for easy access. To 
maintain the viability of mandarin orange seeds for up to 2 months, it's advisable to blend fresh 
seeds with charred remnants from burnt wood or coal and store them at a temperature of 4°C 
(typical refrigerator temperature). Mandarin oranges hold not only economic but also religious 
and cultural importance in Nepalese society. Traditionally, people began consuming Suntala 
from Thulo Ekadasi, a significant religious event. It's also a component of "sat beej," a mixture 
of 100 seeds traditionally sown during Bala Chaturdashi. Moreover, Suntala finds common 
use in worship ceremonies and religious functions, symbolizing prosperity and auspiciousness.

The practical use of mandarin oranges extends beyond mere consumption. In Nepal, it's 
common to enjoy Suntala while basking in sunlight, combining the benefits of vitamin C from 
the fruit with vitamin D from the sun. The peel of the fruit is utilized medicinally, particularly 
in treating conditions like Amoebiasis. Children even play with the peel, squeezing its juice 
over flames to produce brighter flames, showcasing the playful ingenuity associated with this 
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fruit. However, there are traditional customs surrounding the consumption and handling of 
mandarin oranges. Farmers advise against consuming the seeds and caution against shaking 
the tree or picking fruit during wet periods, such as in the mornings. Some even do briefly 
expose the fruit to flames before consumption. The seeds are promptly sown after extraction 
to ensure the continuity of this cherished fruit. In Nepalese culture, the significance of Suntala 
transcends its nutritional value; it's deeply intertwined with tradition, folklore, and daily life. 
As reflected in the popular song æ;'gs} efp 5 ;'Gtnf ef/Lsf], rflv hfg' eGg] dgsf/Lsf]Æ, Suntala 
embodies both material and cultural wealth, making it an integral part of Nepalese heritage. 

Diversity 
In Nepal, out of 24,300 biological species, 28% constitute agricultural genetic resources. This 
includes 200 fruit species spread across 15 different agro-ecosystems, among which there are 
17 species of citrus. The Suntala cultivars are categorized as Native, Local, Exotic, Variety, 
Landrace and Ecotype. The diversity of mandarin orange in Nepal is extensive, reflecting the 
country's rich citrus heritage (Thapa et al., 2017). With a total of 17 citrus species, including 
many closely related to mandarin orange, Nepal boasts a diverse array of citrus fruits. Some 
of these species are found in the wild, adding to the complexity of Nepal's citrus ecosystem. 
Moreover, mandarin orange exhibits diverse ecotypes adapted to various geographical 
regions, such as Tarai Suntala from the lowlands, Pahadi Suntala from the mid hills, Lekali 
Suntala from high hills and others like Purbeli Suntala and Pashchimko Suntala from specific 
regions. Nepal's mandarin orange diversity extends to its landraces, with 60 native (Box 1) 
and 43 exotic landraces identified. Additionally, the country is actively testing exotic mandarin 
orange varieties from countries like Japan, France, India, China, and Bhutan to assess their 
adaptability and performance under local conditions (Figure 3). Among the registered 
varieties, two originate from native landraces-Khoku Sthaniya and Banskharka Sthaniya 
(Table 1)-while one, Unshiu, is an exotic variety (Gautam and Gotame, 2020; Gotame et al., 
2020). Munankarmi et al (2023) has explored the genetic diversity of citrus spp using Sample 
Sequence Repeat (SSR) markers. 

The genetic characteristics of mandarin oranges in Nepal vary widely, with some varieties 
being polyembryonic or monoembryonic. Moreover, mandarin orange varieties can be 
classified as pure, admixture, or heterogeneous, highlighting the genetic variability within 
the species. This genetic diversity is further enriched by the diverse propagation methods 
employed, including seed propagation, vegetative propagation, and apomixis. In terms of fruit 
availability, Nepal enjoys a prolonged mandarin orange harvesting season, with fruits being 
available from September to March. This extended season not only ensures a continuous supply 
of fresh fruits but also offers opportunities for farmers to stagger their harvests. Furthermore, 
the diverse use values associated with mandarin oranges, such as taste, aroma, and nutritional 
content, contribute to their cultural and economic significance in Nepal. Overall, Nepal's 
mandarin orange diversity is a testament to its diverse agro-ecosystems and cultural heritage. 
This diversity presents opportunities for conservation efforts, breeding programs, and culinary 
exploration, ensuring the continued resilience and utility of mandarin orange varieties in Nepal.
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Nepali Suntala Shyaut Suntala (Nepali)

Indian-Nagpure Kinnow Indian

Australian mandarin orange French mandarin orange

Russian mandarin orange Japanese mandarin orange

Figure 3. Fruits of mandarin orange of different countries 

Box 1. General name list of mandarin orange landarces

Guliyo Suntala, Amilo Suntala, Sano, Thulo, Bokra Baaklo, Patalo Bokra, Khasro, Chillo, Geda Dherai 
Bhayeko, Geda Thorai Bhayeko, Kesra Thulo Bhayeko, Khoku Sthaniya, Banskharka Sthaniya, Parbat 
Suntala, Dhankuta Local, Manakamana Local, Banskharka Local, Sikkime, Khoku, Gulmi Suntala,  
Gorkhali Suntala, Kamala, Shyaut Suntala, Khoku Suntala, Mangtewa Suntala, Ilam Suntala, Bhojpure 
Suntala, Rumjatar Local, Powati Suntala, Myagde Suntala, Syangja Suntala, Banskhark Suntala, Kotmaula 
Suntala, Dailekh Suntala, Gulmi Suntala, Palpa Suntala, Arghakhanchi Suntala, Salakpur Suntala.
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It's evident that mandarin orange varieties in the mentioned regions exhibit significant 
morphological diversity, as described by various studies and observations (Acharya and Pakka, 
2018; Acharya et al., BS 2076; Budathoki et al., 2004; Pun and Thakur, 2018):

Plant growth characteristics
•	 In the study conducted in Dhading district, mandarin orange genotypes exhibited a wide 

range of growth characteristics such as plant height, canopy spread, and basal girth. Plant 
height ranged from 137.5 to 295.0 cm, canopy spread ranged from 103.8 to 205.0 cm, and 
basal girth ranged from 11.8 to 22.0 cm. Local genotypes like Banskharka and Sikkime 
showed particularly high plant growth in terms of height.

Fruit characteristics
•	 Fruit production per plant varied significantly among different genotypes, ranging from 

16.7 to 151.3 fruits per plant.

•	 Fruit weight also varied, with a range of 60.0 to 133.9 grams per fruit. Khoku, Sikkime, and 
Banskharka were among the local genotypes that showed higher fruit weight.

•	 ‘Khoku Local’ was found to be superior in terms of fruit weight (100.2 g per fruit), 
juice content (46.4%), total soluble solids (TSS), and titrable acidity (TA) compared to 
‘Dhankuta Local’.

Quality and maturation period
•	 The quality and maturation period of mandarin orange varieties varied across different 

regions and genotypes. Suntala and Kamala were identified as mid-season maturing 
varieties, ripening from November to December in Banskharka, Karendada and Terhathum.

•	 Mandarin oranges from Banskhark of Parbat district were noted for their excellent quality.

Variety selection
•	 Several mandarin orange genotypes, including Miyagawa Wase, Fortune, Ponkan, Comunes, 

Mino, Nova, Khoku, Sikkime and Banskharka, exhibited favorable characteristics for 
further variety improvement and selection.

Local naming conventions
•	 Local naming conventions such as "Kamala" for the best Suntala (mandarin orange) in 

Banskharka indicate the significance of certain varieties within specific communities.

Overall, the morphological diversity of mandarin orange varieties in the mentioned regions 
encompasses differences in plant growth, fruit characteristics, quality attributes, maturation 
times, and local preferences, providing a rich resource for further study, cultivation, and variety 
improvement efforts. Creating genetic variation in Suntala is technically straightforward but 
seldom pursued. Additionally, while exchanging germplasm is relatively easy, it is challenging 
to regulate, especially when seeds are transported along with the fruits.
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Based on genomic analysis, the study revealed distinct separation among citrus groups, namely 
citrons, pummelos, and mandarin oranges, from inter-specific hybrids like oranges, grapefruit, 
lemon, and limes (Wu et al.,  2018). Additionally, within these main groups, further clustering 
was observed. The genomic study traced the origin of mandarin oranges to the East Himalaya 
region, suggesting a migration pattern based on genetic analysis. Both chloroplast genome 
phylogeny and nuclear genome analysis demonstrated clear differentiation, distinguishing 
Tachibana mandarin oranges from mainland Asian mandarin oranges.

Mandarin oranges were classified into three types based on genomic data (Wu et al, 2018): 
type-1 mandarin oranges were identified as pure species, while type-2 mandarin oranges 
exhibited early-admixture, containing a small amount of pummelo ancestry traceable to a 
common pummelo ancestor. Subsequent pummelo introgressions into type-2 mandarin 
oranges gave rise to type-3 mandarin oranges, characterized by late admixture, and sweet 
orange. Further breeding activities involving sweet oranges and mandarin oranges or within 
the late-admixture mandarin oranges, led to the development of additional modern mandarin 
orange varieties.

Table 1. Name list of released landraces and their features 

Feature Banskhark Sthaniya Khoku Sthaniya
Origin Banskhark, Parbat Khoku, Dhankuta
Plant height (cm) 390 cm (19 yrs grafted) 200 (14 yrs old grafted)
Fruit/tree (no.) 490 384
Fruit weight (gm) 95 101
Fruit diameter (mm) 62 57
Fruit skin color Bright orange Bright orange
Fruit shape (Spheroid) Spheroid
TSS 12% 12-14%
Acidity 0.8-1.2% 1.15%
Yield/tree (kg) 46.4 38.4
Production/ha (ton) 29 16-24
Maturity period December-January December-January

Source: NCRP, 2076BS

Conservation
The conservation of mandarin orange genetic diversity is a critical undertaking due to the 
unique nature of mandarin orange seeds, which are classified as non-orthodox, meaning 
they do not tolerate drying and freezing well. Therefore, it's imperative to utilize specialized 
conservation methods such as field gene banks, tissue banks, and cryobanks to ensure the 
long-term preservation of mandarin orange genetic resources.

In the global context, citrus genebank collections encompass various conservation approaches, 
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including field plantings, greenhouse cultivation, tissue culture, cold storage of seeds, and 
cryopreservation of shoot tips or seeds. mandarin oranges and sweet oranges constitute the 
largest accession holdings within these genebanks (Volk et al., 2023), underscoring their 
significance in worldwide citrus conservation efforts. Other citrus fruit types, such as lemon, 
pummelo, grapefruit, hybrids, lime, sour orange, citron, kumquat, papeda, finger lime and 
crop wild relatives, are also maintained ex situ across the globe.

Notably, Nepal's contribution to global citrus conservation includes one accession recorded in 
the United States, collected in 2001. Among the 190 accessions documented in Genesys, 29 are 
part of the Multilateral System of the International Treaty on Plant Genetic Resources for Food 
and Agriculture (ITPGRFA). In Nepal itself, the National Agriculture Genetic Resources Center 
(NAGRC) has outlined a comprehensive approach to conserving mandarin orange diversity 
(Figure 4). This includes the establishment of more than seven field genebanks dedicated to 
mandarin orange preservation, along with initiatives such as agro gene sanctuaries, community 
field genebanks, household field genebanks, and tissue banks. These efforts have resulted in 
the conservation of approximately 30 native mandarin orange landraces, each documented 
with passport data for future reference and utilization.

Figure 4. Conservation approaches and methods for mandarin orange diversity 

Furthermore, specific mandarin orange accessions originating from France, Japan, Australia, 
India and Nepal are housed in various field genebanks across Nepal, such as 43 accessions in 
the NCRP in Paripatle (Table 2, Annex 1), seven in WTHC in Kirtipur, three in ICIMOD in 
Godawari, five in HRS in Dailekh, and six in the National Genebank in Khumaltar (Annex 2, 
NAGRC, 2023). These collections vary in size and duplication methods, with some having 
single trees per accession, partial greenhouse duplications, or multiple trees in the field or 
greenhouse pots. To enhance the security of genebank collections, duplicate plantings or 
cryopreserved backups are employed, mitigating the risk of genetic loss or damage due to 
unforeseen events. The development of a global strategy for the conservation and utilization 
of citrus genetic resources further emphasizes the importance of coordinated action and 
collaboration in safeguarding these invaluable genetic treasures.

Table 2. Accession of citrus conserved in field gene bank at NCRP, Paripatle, Dhakuta
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Species Number Source
Mandarin orange 43 France, Japan, Australia, India and Domestic
Sweet orange 35 India, Australia, France and Domestic
Tangelo 3 France and Japan
Tangor 4 France and Japan
Acid Lime 25 Domestic collection
Lemon 7 Domestic collection
Grape fruit 10 France, Vietnam, Domestic
Kumquat 4 India, China
Rootstocks 20 France, Australia and Domestic

Total 152
Source: Gotame et al., 2014; NCRP, 2023

Drivers of mandarin orange diversity 
The drivers influencing mandarin orange diversity in Nepal are multifaceted, encompassing both 
external and internal factors that impact its cultivation, conservation, and overall biodiversity. 
One significant driver of mandarin orange diversity decline in Nepal is the prevalence of 
diseases, particularly citrus greening, which poses a substantial threat to mandarin orange 
orchards. The spread of citrus greening contributes to the loss of genetic diversity within 
mandarin orange populations, as affected trees may need to be removed to prevent further 
spread. Another factor affecting mandarin orange diversity is the shifting priorities and interests 
towards exotic fruits in Nepal. There is a growing trend towards cultivating exotic fruits 
like avocado, dragon fruit, and kiwi, which has led to the displacement of mandarin orange 
orchards in some areas. For example, Dhankuta, once renowned for its excellent mandarin 
orange cultivation, has now been declared as the capital of avocado cultivation, resulting in 
the replacement of mandarin orange orchards with avocado plantations. 

Other factors contributing to the reduced diversity of mandarin oranges include propagation 
through vegetative parts, the dominance of a single genotype across extensive production areas, 
disregard for meiotic events, and the uniform use of the same genotype for both rootstock and 
scion throughout the country.

Furthermore, mandarin orange orchards in many districts across Nepal have faced significant 
destruction, often due to natural disasters such as landslides exacerbated by climate change. 
These environmental challenges not only directly impact mandarin orange cultivation but 
also contribute to habitat loss and fragmentation, further reducing mandarin orange diversity. 
Additionally, the replacement of native mandarin orange landraces by exotic varieties poses a 
threat to mandarin orange diversity. The introduction of new varieties may not compete native 
landraces, leading to genetic homogenization and the loss of unique traits and characteristics 
associated with indigenous mandarin orange varieties. There is often less priority given to 
research, education, and extension services focused on native mandarin orange cultivation in 
Nepal. This lack of attention may hinder efforts to conserve and promote indigenous mandarin 
orange landraces, exacerbating the decline in mandarin orange diversity.
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Ecological values 
In agriculture, the focus is often solely on the yield of produce, such as grains or fruits. However, 
for the purposes of climate change mitigation and promoting sustainable agriculture, it is 
essential to consider the ecological yield. This includes not only the production of fruits but 
also contributions to habitat for birds, insects, and microbes; provision of food sources for these 
organisms; purification of air and water; enhancement of soil and environmental quality; aesthetic 
value and appeal to visitors; absorption of dust, and carbon sequestration, among other benefits.

Mandarin orange cultivation in Nepal offers a plethora of ecological benefits, enriching the local 
environment and supporting diverse wildlife populations. Firstly, mandarin orange orchards serve 
as vital habitats for a wide range of wildlife, particularly birds and insects. The abundant flowers of 
mandarin orange trees attract various species of bees and other pollinators, fostering biodiversity 
within the ecosystem. These pollinators play a crucial role in the reproduction of numerous plant 
species, contributing to ecosystem resilience. Moreover, mandarin orange orchards contribute 
to the aesthetic appeal of the landscape, enhancing the natural beauty of the environment. The 
lush green foliage of mandarin orange trees provides year-round greenery, adding vibrancy to 
the surroundings and creating visually pleasing landscapes. In addition to serving as habitats, 
mandarin orange trees also serve as a source of food for many wildlife species. Birds, insects  
honey bees and other animals often feed on the nectar, fruits, and foliage of mandarin orange 
trees, contributing to the ecological food web and supporting overall biodiversity.

Furthermore, mandarin orange orchards play a significant role in environmental purification. 
The dense foliage of mandarin orange trees acts as a natural filter, absorbing dust particles 
from the air and helping to improve air quality in the surrounding area. Additionally, mandarin 
orange trees contribute to carbon sequestration, effectively capturing and storing carbon dioxide 
from the atmosphere. Research conducted in Dhankuta, focusing on the Khoku landrace, has 
demonstrated carbon sequestration rates ranging from 0.24 to 1.22 tons per hectare (Acharya 
et al., 2023), highlighting the role of mandarin orange cultivation in mitigating climate change 
impacts. Overall, mandarin orange cultivation in Nepal not only provides economic benefits 
but also supports ecological sustainability by providing habitat, food, and contributing to 
environmental purification and carbon sequestration. These ecological values underscore 
the importance of promoting sustainable mandarin orange cultivation practices to preserve 
biodiversity and protect the natural environment for future generations.

Geographical indication 
Geographical Indication (GI) holds significant potential for mandarin orange cultivation in 
Nepal, offering avenues for on-farm conservation, enhanced marketing strategies, and rural 
development initiatives. The unique qualities and reputation of Nepalese mandarin orange, 
deeply rooted in its specific geographical origins, make it an ideal candidate for GI recognition 
(Joshi et al., 2017). Mandarin orange stands out as Nepal's premier fruit, boasting a diverse 
array of site-specific landraces renowned for their distinct and sought-after characteristics. 
These landraces possess qualities intricately linked to their geographical origins, contributing 
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to their popularity and high market value. In fact, certain mandarin orange landraces command 
premium prices in the market, often traded under the name of their production domains, 
highlighting the strong association between quality and origin.

The widespread popularity of Nepalese mandarin orange stems from its exceptional quality 
and unique flavor profile, surpassing those of mandarin oranges from other countries. 
Renowned for their unparalleled sweetness, juiciness, attractiveness, and aromatic scent, 
Nepalese mandarin oranges captivate consumers with their superior taste and sensory appeal. 
Moreover, mandarin orange holds a special place in Nepalese culture, reflected in numerous 
songs, poems, stories, and cultural references. The vibrant orange hue of mandarin oranges 
evokes imagery of vitality and prosperity, earning them endearing monikers such as the "gold 
of Nepal." Festivals, exhibitions, and celebrations revolving around mandarin oranges further 
underscore their cultural significance and societal integration.

Certain local mandarin orange landraces, such as Banskharka-1, Banskharka-2, and those 
from Parbat district, have emerged as lucrative commercial commodities (Budathoki et al., 
2004), driving economic opportunities for local farmers and communities. Areas like Khoku, 
Gulmi, and Parbat (Table 3) exhibit strong potential for securing geographical indication 
rights, leveraging their distinct mandarin orange varieties and geographical heritage to enhance 
market competitiveness and rural development initiatives. So far none of mandarin orange 
has neither got collective right nor geographical indication tag. In essence, the recognition 
of Nepalese mandarin orange as a geographical indication not only safeguards its unique 
identity and geographical heritage but also fosters economic growth, cultural preservation, 
and community empowerment across mandarin orange-producing regions in Nepal (Joshi and 
Gauchan, 2020; Joshi et al., 2020).

Table 3. Popular site of native mandarin orange production across the country

SN Province Location Local name of mandarin orange
1 Koshi Khoku, Dhankuta Khoku Suntala
2 Koshi Mangtewa, Sankhuwasabha Mangtewa Suntala

3 Koshi Salakpur, Ilam Ilam Suntala

4 Koshi Bhojpur Bhojpure Suntala

5 Koshi Rumjatar, Okhaldunga Rumjatar Local

6 Bagmati Powati, Dolakha Powati Suntala

7 Gandaki Manakamana, Gorkha Manakamana Suntala

8 Gandaki Myagde, Tanahu Myagde Suntala

9 Gandaki Syangja Syangja Suntala

10 Gandaki Banskharka, Parbat Banskharka Suntala

11 Karnali Kotmaula, Salyan Kotmaula Suntala
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SN Province Location Local name of mandarin orange
12 Karnali Dullu, Dailekh Dailekh Suntala

13 Lumbini Gulmi Gulmi Suntala

14 Lumbini Palpa Palpa Suntala

15 Lumbini Arghakhanchi Arghakhanchi Suntala

16 Sudurpashchim Sahajpur, Kailali Sahajpur Suntala

National fruit 
Ministry of Agriculture and Livestock Development was taking due consideration of making 
mandarin orange as national fruit after the request by National Genebank. The designation 
of mandarin orange as the national fruit of Nepal represents a significant step towards 
acknowledging its cultural and agricultural importance within the country. If officially declared 
as the national fruit, mandarin orange would serve as a symbolic representation of Nepal's 
rich agricultural heritage and natural resources. Moreover, on an international platform, this 
declaration would effectively establish a sense of ownership, showcasing mandarin orange 
as a unique and valuable asset of the nation. Such recognition would not only elevate the 
status of mandarin orange domestically but also garner respect and appreciation from all 
Nepalese people. This collective acknowledgment is crucial in fostering a sense of pride and 
responsibility towards the promotion, study, conservation, and sustainable development of 
mandarin orange cultivation practices across the country. 

At a global level, the declaration of mandarin orange as the "National Fruit" has significantly 
enhanced its visibility and prestige, positioning Nepal as a key player in the mandarin 
orange industry. This increased recognition, in turn, leads to greater market demand, thus 
contributing to the generation of income and bolstering the national economy through 
increased export opportunities. Furthermore, by officially recognizing mandarin orange as the 
national fruit, Nepal would provide tangible evidence of the fruit's significance as a center of 
origin and diversity. This documentation strengthens the case for granting collective rights 
and geographical indication rights, ensuring the protection of mandarin orange varieties and 
safeguarding the interests of local farmers and communities. It is worth noting that many 
countries have already designated their native fruits as national symbols, highlighting the 
cultural, historical, and economic significance of these agricultural treasures. In aligning with 
this global trend, Nepal's declaration of mandarin orange as the national fruit serves as a 
testament to its commitment to preserving and promoting its rich agricultural heritage for 
future generations to cherish and benefit from.

Policy aspects for mandarin orange genetic diversity 
In Nepal, despite the absence of a specific policy focusing on mandarin oranges, there exists a 
framework for citrus, with various programs and plans dedicated to citrus cultivation, research, 
and extension facilities. However, there is a need for a distinct policy that specifically addresses 
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mandarin orange genetic diversity and its conservation, utilization, and access and benefit-
sharing mechanisms, and varietal development (like rice as main staple crop, mandarin orange 
should be made main fruit). The government of Nepal has demonstrated its commitment to the 
development of the fruit sector by declaring the years 2016 to 2025 as the fruit decade, aiming 
to reduce imports and boost exports through mission programs in fruit production.

To address the confusion created due to naming "Suntalajat" for citrus, it should be defined 
as "Amilofal" in Nepali, to facilitate effective communication and development strategies. 
Even though, there are other sour/ acid fruits which do not belong to citrus, amilofal can 
be defined to cover only citrus species. Additionally, policies favoring genetic diversity at 
both varietal and landrace levels are crucial. These policies should encompass measures to 
promote the conservation of traditional mandarin orange landraces, support research and 
breeding programs aimed at enhancing varietal diversity, and establish mechanisms for 
equitable access and benefit-sharing among stakeholders involved in mandarin orange genetic 
resource management. By integrating these policy aspects into the broader framework for fruit 
sector development, Nepal can effectively promote the sustainable cultivation and utilization 
of mandarin orange genetic diversity, contributing to food security, rural livelihoods, and 
agricultural biodiversity conservation.

Way forward 
In advancing mandarin orange landraces, it is imperative to undertake comprehensive 
assessments to quantify genetic diversity across diverse geographical regions. Employing 
location-specific differentiation tools and robust data generation methods will aid in identifying 
unique traits, enabling the development of location-tailored varieties. Conservation strategies, 
ranging from traditional field genebanks to innovative school field genebanks and agro-gene 
sanctuaries, must be implemented to safeguard mandarin orange diversity alongside associated 
biodiversity. Propagation methods, including seed, vegetative, and apomixis propagation, should 
be embraced to sustainable disseminate mandarin orange landraces while preserving genetic 
integrity. Moreover, initiatives such as designating mandarin orange as the national fruit and 
issuing a commemorative stamp can elevate awareness of its cultural and economic significance, 
amplifying efforts toward conservation and sustainable utilization. Before launching any project, 
it is crucial to integrate an Agro-biodiversity Impact Assessment (AIA) to evaluate its effects on 
native agro-biodiversity. Additionally, red zoning and red listing of mandarin orange landraces 
should be conducted, followed by appropriate rescue measures to preserve their diversity.

The seed cycle should be localized while the product cycle is globalized. Cultivars need not 
be formalized, but products must be legalized and standardized. Native products should be 
marketed and treated as equivalent to formal products. Efforts such as diversity mapping, 
estimating diversity indices (at household, village, municipality, and district levels), 
identifying centers of diversity, and documentation including profiling and cataloging are 
crucial. The use of passport applications is also recommended. Conservation strategies should 
emphasize 'conservation through use', making landraces more competitive, conservation 
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breeding, developing site-specific varieties, and enhancing landraces. It is advisable to 
formally recognize focal landraces (e.g., King, National, Ambassador, endemic, Emblematic, 
rare, umbrella, keystone, flagship) to aid conservation efforts. The conservation of associated 
agro-biodiversity is also essential to support the diversity of crops like Suntala. Establishing 
agricultural national parks, similar to national parks, can play a pivotal role in this process. 
Linking diversity with hospitality offerings such as home-stays and farm stays can further 
ensure the successful marketing of Suntala and other local agricultural products.

Concurrently, addressing challenges like citrus greening disease through integrated pest 
management, eradication approach and breeding for disease resistance is vital for preserving 
mandarin orange diversity. Granting geographical and collective rights to mandarin orange 
growers empowers them to safeguard traditional knowledge and access genetic resources, 
fostering equitable participation and benefits sharing. By synergizing quantification of 
diversity, conservation strategies, propagation techniques, and policy interventions, a holistic 
approach can be forged to secure the future of mandarin orange landraces, unlocking their 
potential for geographical indication and sustainable development. There is a critical need 
to strengthen the capabilities of farmers, mandarin orange scientists, and mandarin orange 
experts. This strengthening could be significantly enhanced by integrating advanced scientific 
disciplines such as omics (including genomics, proteomics, metabolomics, metagenomics, 
phenomics, and transcriptomics), along with focused studies on nutrients and geographical 
factors that influence mandarin orange cultivation.
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Annex 1. List of genotypes conserved at NCRP, Paripatle, Dhankuta

SN Accession Identification/Common Name Source  
A. Mandarin orange (Citrus reticulata Blanco)

1 NCRP-01  Khoku Suntala Khoku, Dhankuta

2 NCRP-02  Kinnow Pakistan

3 NCRP-03  Frutrel early Unknown

 B. Mandarin orange (C. spp)

4 NCRP-04 Unshiu JICA, Japan

5 NCRP-05  (C. unshiu) Miyagawawase- Unshiu JICA, Japan

6 NCRP-06  (C. unshiu) Okitsuwase- Unshiu JICA, Japan

7 NCRP-08  Pongan,Tangerine       ICIMOD

8 NCRP-09  Kamala Dhankuta

9 NCRP-10 Banskharka local (Parbat) LAC, Lumle

10 NCRP-11  Sikkime Suntala Tehrathum

11 NCRP-12  Calamondin Unknown

12 NCRP-80  (C. unshiu) Satsumawase INRA-CIRAD, France

13 NCRP-81  (C. unshiu) Satsuma Mino INRA-CIRAD, France

14 NCRP-82  (C. unshiu) Satsuma URSS INRA-CIRAD, France

15 NCRP-88  Fortune INRA-CIRAD, France

16 NCRP-89  Kara INRA-CIRAD, France

17 NCRP-90  Nova INRA-CIRAD, France

18 NCRP-91  Pixie INRA-CIRAD, France

19 NCRP-92  Dancy INRA-CIRAD, France

20 NCRP-93  Avana INRA-CIRAD, France

21 NCRP-94 Page INRA-CIRAD, France

22 NCRP 95 (C. unshiu) Satsuma Okitsu INRA-CIRAD, France

23 NCRP-97  Clamentine mandarin orange Hernandina INRA-CIRAD, France

24 NCRP-98  Clamentine Mandarine Oroval INRA-CIRAD, France

25 NCRP-99  Clamentine Mandarine Commune INRA-CIRAD, France

26 NCRP-100  Clamentine Mandarine Marisol INRA-CIRAD, France

27 NCRP-101 Clamentine Mandarine Nules INRA-CIRAD, France

28 NCRP-112 Gorkhali Suntala Gorkha, Nareswor

29 NCRP-114 Khoku muted mandarin NCRP, Dhankuta
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SN Accession Identification/Common Name Source  
30 NCRP-121 Daisy Australia

31 NCRP-122 Avana-Aprino Australia

32 NCRP-123 Imperial Australia

33 NCRP-124 Murcott Kirtipur

34 NCRP-125 Oota Pongan Kirtipur

35 NCRP-126 Yashida Pongan Kirtipur

36 NCRP-127 Selection-79 Kirtipur

37 NCRP-128 Selection-04 Kirtipur

38 NCRP-129 Nagpure India

39 NCRP-130 Mangtewa Suankhuwasabha

40 NCRP-131 Chitawane Chitwan

C. Tangor (hybrid mandarin)

41 NCRP 102 Ellendale INRA_CIRAD, France

42 NCRP 103 Murcott INRA_CIRAD, France

43 NCRP 72 Ortanique INRA_CIRAD, France

44 NCRP-07  Tangor, Murcott JICA, Japan

D. Tangelo (hybrid mandarin)

45 NCRP 73 Minneola INRA_CIRAD, France

46 NCRP 74 Oriando INRA_CIRAD, France

47 NCRP 75 Seminole INRA_CIRAD, France

Annex 2. List of mandarin accession conserved NAGRC, Khumaltar

Accession no Landrace Collected district Collected year
1. NGRV0349 Sthaniya Suntala Kathmandu 2070 

2. NGRV0394 Syaaut Suntala Lamjung 2079

3. CO15623 Sthaniya Suntala Lalitpur 2079

4. CO15816 Khoku Sthaniya Suntala Dhankuta 2080

5. CO15815 Banskharka Sthaniya Suntala Parbat 2080

6. CO15814 Kamala Suntala Parbat 2080
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Annex 3. Passport for plant genetic resources to conserve in genebank and field genebank



Mandarin Orange: History, Science and Technology in Nepal (S Karki, PR Poudel, YK Shrestha, SP Baral, S Dhimal, S Paudel and S Pandit, eds),2024.
NHS and NCFD, Kathmandu.
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k|s[ltsf] Ps cg'kd pkxf/M :ofpt ;'Gtnf

k|lbk yfkf!*, afns[i0f hf]zL!, Zofd k|;fb kf}8]n@ / /d]z /fh kGt#

!/fli6«o s[lif cfg'jf+lzs ;|f]t s]G› -hLg a}+s_, v'dn6f/, nlntk'/
@s[lif cg';Gwfg lgb]{zgfno, u08sL k|b]z, n'Dn] 
#s[ifs, a];Lzx/ gu/kflnsf–!!, :ofpt, ndh'Ë

*Corresponding Author: pradip.thapa876@gmail.com
*ORCID ID:  http://orcid.org/0000-0002-7848-5824

;f/f+z 

ndh'Ë lhNnf a];L;x/ gu/kflnsf j8f g+= !! sf s[ifs /d]z /fh kGtsf] ;'Gtnf au}+rfdf sl/a %)–^) jif{ 
k'/fgf] ;'Gtnfsf] af]6 dg{ nfu]sf] cj:yfdf au}+rfaf6 x6fpg] qmddf Ps xfFufdf cln km/s lsl;dsf] kft b]vf 
k¥of] . h'g :yfgLo ;'Gtnfsf] xfFufeGbf km/s b]lvPkl5 pxfFn] g]kfn s[lif cg';Gwfg kl/ifb\sf j}1flgs 8f= s[i0f 
k|;fb kf}8\ofnnfO{ ;Dks{ ug{'ePsf] lyof] . s[lif j}1flgssf] ;Nnfx cg';f/ ;fO8 u|flˆ6Ë u/L la?jf k|;f/0f ul/
Psf] la?jfn] # jif{df pTkfbg lbg yfn]kl5 / kmnsf] cfsf/ k|sf/ tyf :jfb :yfgLo ;'Gtnfsf eGbf km/s kfPkl5 
k'gM ls;fgn] ljleGg lgsfonfO{ ;Dks{ ug{ yfNg'eof] . o;} qmddf ls;fg :jo+n] /fli6«o s[lif cfg'jf+lzs ;|f]t s]G›  
-hLg a}+s_ df cfP/ pQm gf}nf] vfnsf] ;'Gtnfsf] cg'udg ug{ cg'/f]w u/]kl5 ldlt @)&(÷)*÷!( ut] s]Gb|df 
sfo{/t afnL k|hgs >L k|lbk yfkfn] au}+rf cg'udg u/L ls;fg;Fu 5nkmn u/L cf+s8f ;+sngsf] nflu cfjZos 
;'Gtnfsf] kmn / v'dn6f/ lkmN8 hLg a}+sdf ;+/If0fsf] nflu la?jf ;+sng ug{'ePsf] lyof] . ls;fg /d]z /fh 
kGtsf cg';f/ lj=;= @)&( ;fndf ufpFsf ;Dk"0f{ ;'Gtnf au}rfdf l;6«; lu|lgË /f]u b]lvFbf klg pQm :ofpt 
;'Gtnfdf pQm /f]u gb]lvPsf] ljleGg ;dodf ul/Psf] k/LIf0fsf] glthfn] b]vfPsf] 5 . xfnsf] cj:yfdf pQm 
hftsf] ;+/If0f tyf k|j4{gsf] nflu cfˆgf] tyf l;+uf] ufpFsf] ;d]t kl/ro cfpg] u/L btf{ ug]{ k|s[ofsf] nflu ;/
sf/L lgsfon] ;xof]u ul/lbP x'GYof] eGg] ls;fgsf] ck]Iff /x]sf] 5 . kmn 7"nf] tyf cToGt ld7f] / l;6«; u|LlgË 
/f]u k|lt/f]wL ;d]t ePsf] pQm hftsf] ;'GtnfnfO{ yk cg';Gwfg u/L aLp tyf la?jf pTkfbg ug{'sf ;fy} /fli6«o aLp 
ljhg ;ldltdf ;d]t btf{ u/fP/ ahf/Ls/0f ug]{ / ef}uf]lns ;"rs ;+s]t k|bfg ug{ ;s] o:tf /}yfg] hftx?af6 w]/} 
kmfObf lng ;lsg] b]lvG5 .

k[i7e"ld 

ufpFdf obfsbf dfq Ps b'O{ ?v x'g] / PsfbzLsf] lbgdf dfq ?vdf r9]/ ;'Gtnf vfg kfOg] rng /x]sf]df PsfbzLsf] 
lbg vfPsf] ;'Gtnfsf] aLpaf6 la?jf pTkfbg u/L ;'Gtnf v]tLsf] z'?jft ug{'ePsf ndh'Ë lhNnf a]zL;x/ 
gu/kflnsf j8f g+= !! sf s[ifs /d]z /fh kGtn] xfn jflif{s ?kdf ?= @ b]lv # nfv;Ddsf] ;'Gtnf a]Rg] ug{'ePsf] 
5 . pxfFsf cg';f/ pQm 7fpFdf  sl/a !@% jif{ klxn] b]lv g} -pxfFsf a'jfsf] s'/fnfO{ ;lDemFbf_ Ps b'O{ af]6 /}
yfg] hftsf] ;'Gtnf nufpg] u/]sf] t/ vfBfGg afnLnfO{ k|fyldstfdf /fVg] u/]sf]n] kmnkm"n v]tL Jofj;foLs/0f 
x'g ;ls/x]sf] lyPg . t/ lj:tf/} lzIff Pj+ r]tgfn] vfBfGg afnLsf] t'ngfdf kmnkm"n afnL a9L gfkmfd"ns x'g] 
/ pQm If]q  ;'GtnfhGo kmnkm"nsf] nflu pko'Qm 5 eGg] yfxf kfPkl5 pgL nufot cGo ls;fgn] klg pQm 7fpFdf 
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Jofj;flos ?kdf ;'Gtnf v]tL ug{ yfn]sf] pxfFsf] egfO{ 5 . s]xL jif{ cufl8 Pshgf a]nfotL ljwfyL{n] ;d]t 
pxfFsf] au}rfsf] / ;'Gtnfsf] af/]df cWoog cg';Gwfg ug{'ePsf] lyof] . o;/L ;'Gtnf v]tLsf] qmddf pxfFsf] au}+rfdf 
sl/a rf/ jif{ cufl8 cln km/s cj:yf b]vf k¥of] . sl/a %)–^) jif{ k'/fgf] ;'Gtnfsf] af]6 dg{ nfu]sf] cj:yfdf 
au}+rfaf6  x6fpg] qmddf emnSs pxfFsf] cfFvf Pp6f ;fgf] xl/of] xfFufdf uof] h'g xfFufdf cln km/s lsl;dsf] 
kft b]v]kl5 ?vdf r9]/ x]bf{ :yfgLo ;'Gtnfsf] xfFuf eGbf km/s b]lvPkl5 pxfFn] g]kfn s[lif cg';Gwfg kl/ifbsf 
j}1flgs 8f= s[i0f k|;fb kf}8\ofnnfO{ ;Dks{ ug{'ePsf] lyof] . ls;fgsf] cg'/f]w cg';f/ lj=;+= @)&% ;fndf g]kfn 
s[lif cg';Gwfg kl/ifbsf] tkm{af6 8f= s[i0f k|;fb kf}8\ofnn] z'?df pQm hftsf] cjnf]sg ug{'ePsf] lyof] . pxfFsf] 
gh/df klg km/s vfnsf] b]lvPsf]n] la?jf k|;f/0f ug{ s[ifsnfO{ ;Nnfx lbg'ePsf] lyof] . pQm xfFufaf6 # j6f 
;fog k|of]u u/L ;fO8 u|flˆ6Ë u/L @ la?jf k|;f/0f ug{ ;kmn x'g'ePsf] lyof] . cfkm"n] k|;f/0f u/]sf] la?jfn] # jif{df 
pTkfbg lbg yfn]kl5 / kmnsf] cfsf/ k|sf/ tyf :jfb :yfgLo ;'Gtnfsf] eGbf km/s kfPkl5 k'gM ls;fgn] ljleGg 
lgsfonfO{ ;Dks{ ug{ yfNg'eof] . tLg jif{af6 pTkfbg lbg yfn]sf] pQm hftn] z'?sf] jif{df k|ltaf]6 sl/a #) bfgf 
kmn]sf] lyof] eg] rf}yf] jif{df sl/a ^) bfgf k|ltaf]6 nfu]sf] 5, h'g :yfgLo hftsf] ;'Gtnfsf] t'ngfdf a9L pTkfbg 
xf] . o;} qmddf ls;fg :jo+n] /fli6«o s[lif cfg'jf+lzs ;|f]t s]G› -hLg a}+s_, v'dn6f/df cfP/ pQm gf}nf] vfnsf] 
;'Gtnfsf] cg'udg ug{ cg'/f]w u/]kl5 ldlt @)&(÷)*÷!( ut] s]Gb|df sfo{/t afnL k|hgs >L k|lbk yfkfn] au}+rf 
cg'udg ug{'ePsf] lyof] . pQm ;dodf sflGtk'/ b}lgs ndh'Ësf kqsf/ cfz u'?ªn] klg pQm au}+rf cjnf]sg 
ug{'ePsf] lyof] / To;sf] lj:t[t ;dfrf/ @)&( ;fn kf}if !$ ut]sf] sflGtk'/ b}lgsdf ;d]t k|sflzt ePsf] lyof] 
-u'?ª, @)&(_ . cg'udgsf] qmddf ls;fg;Fu 5nkmn u/L tYofÍ ;+sngsf] nflu cfjZos ;'Gtnfsf] kmn / 
v'dn6f/ l:ylt /fli6«o s[lif cfg'j+lzs ;|f]t s]Gb| lkmN8 -hLg a}+s_df ;+/If0fsf] nflu la?jf ;+sng ug{'ePsf]  
lyof] . @* l8u|L !@ ldg]6 cIff+z, *$ l8u|L @% ldg]6 b]zfGt/ / ;d'G›L ;txaf6 !)$^ ld6/ prfO{df /x]sf] au}+rf 
ePsf] :yfg ndh'Ë lhNnfsf] ;b/d'sfd a];Lzx/af6 sl/a !) ls=dL= 6f9f /x]sf] 5 -lrq !_ . 

lrq != ;'Gtnf au}+rf ePsf] :yfgsf] gS;f ;lxtsf] hfgsf/L

hft 5'6\ofpg] d'Vo u'0fx? 

 y o; hftsf] ;'Gtnfsf] kft :yfgLo hftsf] ;'GtnfeGbf cfsf/df 7"nf] / df};dsf] h:tf] b]lvg] x'G5 .

 y o; hftsf] ;'Gtnfsf] e]6\gf] :yfgLo hftsf] ;'Gtnfsf] eGbf dfly p7]sf] x'G5 . 

 y o; hftsf] ;'Gtnfsf] af]qmf :yfgLo ;'Gtnfsf] t'ngfdf s]xL kftnf] x'G5 eg] s];|fdf w';|f a9L dfqfdf kfOG5 .

 y o; hftsf] ;'Gtnfsf] kmnsf] /Ë :yfgLo ;'GtnfeGbf uf9f /Ësf] x'G5 .
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lrq @= :ofpt ;'Gtnfsf d'Vo hftLo u'0fx?

pQm cg'udgsf] qmddf :yfgLo / pTkl/jlt{t hftaf6 tYofÍ ;+sngsf] nflu % j6f kft / % j6f kmn ;+sng u/L 
k|To]s kmnaf6 %–% j6f s];|f lnP/ :s]n, elg{o/ Soflnk/ / 8Llh6n Jofn]G;sf] ;xfotfn] /fli6«o hLg a}+ssf] 
k|of]uzfnfdf ljleGg cf+s8f dfkg ul/Psf] lyof], h;sf] cf};t tn tflnsfdf k|:t't ul/Psf] 5 -tflnsf g+= !_ .

tflnsf != :yfgLo ;'Gtnf / :ofpt ;'Gtnfsf ljleGg u'0fx?df b]lvPsf leGgtfx? 

qm=;+= laz]iftf :yfgLo ;'Gtnf :yfgLo ;'Gtnf 

!= af]6sf] j[l4 ljsf; ! l;hgdf sl/a !) ;]=ld= ! l;hgdf sl/a !) ;]=ld=

@= kftsf] nDafO{ -;]=dL=_ ^=@@ ^=@@ 

# = kftsf] rf}8fO{ -;]=dL=_ @=^* @=^* 

$= kmnsf] tf}n -u|fd_ !@( @!* 

%= s];|fsf] nDafO{ -;]=dL=_ $=#^ %=(^

^= s];|fsf] rf}8fO{ -;]=dL=_ @=!$ @=&%

& = s];|fsf] df]6fO{ -;]=dL=_ !=$# @=)& 

*= s];|fsf] tf}n -u|fd_ !)=)( @)=&# 

(= af]qmfsf] df]6fO{ - dL=dL=_ @=(& @=^% 

!) = aLpsf] nDafO{ -dL=dL=_ !)=%) !#=$@ 

!!= aLpsf] rf}8fO{ -dL=dL=_ %=&^ ^=(@ 

!@= kmnsf] /Ë lkmSsf /ftf] uf9f /ftf] 

!#= w';|f  s];|fdf sd w';|f s];|fdf a9L w';|f
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:ofpt ;'Gtnf / ndh'Ë :yfgLo ;'Gtnfsf] kft tyf kmndf ePsf] leGgtf lrq # åf/f b]vfO{Psf] 5 .

lrq #= ndh'Ë :yfgLo ;'Gtnf / :ofpt ;'Gtnfsf] kmn tyf kftdf b]lvPsf] leGgtf

o;sf] ;fy} /fli6«o s[lif cfg'j+lzs ;|f]t s]Gb| -hLg a}+s_sf @) hgf sd{rf/Lsf] aLrdf pQm hftsf] ;'Gtnfsf] 
:jfb k/LIf0f ;d]t ul/Psf] lyof] . :jfb k/LIf0fsf] qmddf w]/} hgfsf] lgisif{ :yfgLo ;'GtnfeGbf t'ngfTds ?kdf 
sd u'lnof] eGg] lyof] . cfˆgf] 7fpFsf] klxrfg ;d]t emNsg]ul/ :ofpt 7fpFsf] gfdaf6 pQm gofF e"ld–hftnfO{ 
:ofpt ;'Gtnf gfdfs/0f ul/Psf] 5 . To; kZrft\ pQm hftsf] ;Dk"0f{ hfgsf/L ;d]l6Psf] kf;kf]6{ 8f6f / s[ifssf] 
lgj]bgsf] cfwf/df /fli6«o hLg a}+saf6 NGRV gDa/ 
pknAw u/fO{Psf] lyof] . xfn pQm ;'Gtnf -gofF e"ld–
hft_ nfO{ v'dn6f/  /fli6«o s[lif cfg'j+lzs ;|f]t s]Gb| 
-hLg a}+s_df NGRV0394  ;+s]t gDa/ -kl/u|x0f 
gDa/_ lbO{ ;+/If0f ul/Psf] 5 eg] s[ifsnfO{ ;d]t cfˆgf] 
au}rfdf pQm ;+s]t gDa/;lxt clgjfo{ ?kdf ;+/If0f 
ug]{ / To;sf] a]rlavg tyf h'g;'s} sfo{ ubf{ klg pQm 
;+s]t gDa/nfO{ clgjfo{ ug{'kg]{ hfgsf/L ;d]t ul/of] . 
xfnsf] cj:yfdf ls;fg /d]z/fh kGtn] la?jf pTkfbg 
u/L ufpFsf cGo ls;fgnfO{ ljt/0f ;d]t ug{'ePsf] 5 . 
To;sf] ;fy} s[lif cg';Gwfg lgb]{zgfno, u08sL k|b]z, 
n'Dn]df klg la?jf pTkfbg u/L ljt/0fsf] nflu tof/L lrq $= :ofpt ;'Gtnfsf] ;fog k|of]u u/L pTkfbg ul/Psf la?jfx? 
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cj:yfdf /x]sf] 5 . la?jf pTkfbgsf] nflu u|flˆ6Ë ljlw / aLp b'a} tl/sf k|of]u ug]{ ul/Psf] 5 . ls;fg /d]z/fh 

kGtsf] au}+rf / s[lif cg';Gwfg lgb]{zgfno, u08sL k|b]z n'Dn]sf] cg';Gwfg lkmN8df u|flˆ6Ë ljlwaf6 pTkfbg 

ul/Psf] :ofpt ;'Gtnfsf] la?jf lrq $ df b]vfO{Psf] 5 .  

of] hftsf] ;'Gtnfsf] af]qmf g/d x'g] x'gfn] :yfgLo hfteGbf cln a9L 9';Lsf] cfqmd0f /x]sf] ePtfklg To;n] 
pTkfbgdf s]lx km/s kfg]{ u/]sf] 5}g . o;sf] cnfjf P]h]?, ‰ofp ;fdfGo ?kdf b]vfkg]{ u/]sf] 5 . cGo ;'Gtnf 
afnLdf h:t} ;fdfGo sL/fn] cfqmd0f ug]{ ub{5 . 

ls;fg /d]z/fh kGtsf cg';f/ lj=;+= @)&( ;fndf ufpFsf ;Dk"0f{ ;'Gtnf au}rfdf l;6«; lu|lgª /f]u b]lvFbf klg pQm 
:ofpt ;'Gtnfdf pQm /f]u gb]lvPsf] eGg] egfO{ 5 . pQm egfOnfO{ k|dfl0ft ug{sf] nflu ljleGg ;dodf # b]lv $ j6f 
kftx? k/LIf0f ubf{ s'g} klg gd"gfdf l;6«; lu|lgË /f]u gnfu]sf] kfOof], h;sf] lj:t[t ljj/0f tn k|:t't ul/Psf] 5 .

k/LIf0f ldlt k/LIf0f ul/Psf] k|of]uzfnf glthf
@)&*÷#÷@# /fli6«o ljlw lj1fgsf] k|of]uzfnf g]u]l6e

@)&(÷)*÷!@ afnL ;+/If0f k|of]uzfnf, u08sL k|b]z g]u]l6e

@)*)÷%÷@$ /fli6«o ljlw lj1fgsf] k|of]uzfnf g]u]l6e

ahf/Ls/0f 

au}+rfdf cfpg] pkef]Qmf tyf Jofkf/Ln] dL7f] / kmn 7"nf] ePsf] x'gfn] ;s];Dd a9L k};f lt/]/ ePklg pQm hftsf] 
;'Gtnf n}hfg ?rfpF5g\ . :yfgLo ;'Gtnfsf] nflu k|lt s]=hL= sl/a !) bfgf cfjZos kb{5 eg] cfsf/ 7"nf] x'g] 
x'gfn] of] gofF hftsf] ;'Gtnfsf] nflu k|lt s]=hL= %–^ bfgfdfq cfjZos kb{5 h;n] ubf{ :yfgLo ;'Gtnfsf] 
bfFhf]df a9L gfkmf x'g] b]lvG5 . xfn pkef]Qmf tyf Jofkf/Ln] au}rfaf6 g} k|lt s]=hL= ?= !)) sf b/n] vl/b ug]{ 
u/]sf 5g\ .

ljleGg lgsfoåf/f ul/Psf] cjnf]sg

;j{k|yd lj=;+= @)&% ;fndf g]kfn s[lif cg';Gwfg kl/ifbsf] tkm{af6 8f= s[i0f k|;fb kf}8\ofnn] z'?df pQm hftsf] 
cjnf]sg ug{'ePsf] lyof] . To; kZrft\  lj=;+= @)&* ;fndf s[lif cg';Gwfg lgb]{zgfno, u08sL k|b]z, n'Dn]sf 
k|d'v 8f= sflnsf k|;fb pkfWofo / afujfgL cg';Gwfg s]G›, dfn]kf6gsf] cg';Gwfg 6f]nLn] ;+o'Qm ?kdf cg'udg 
u/L la?jf pTkfbgsf] nflu kmn tyf xfFuf ;d]t ;+sng ug{' ePsf] lyof] . s[lif cg';Gwfg lgb]{zgfno, u08sL k|b]z, 
n'Dn]sf] k|of]uzfnfdf pQm hftsf] ;'Gtnfdf kfOg] lrgLsf] dfqf ljZn]if0f ul/Psf] lyof] . 

s[lif cfg'j+lzs ;|f]t s]G›, ndh'Ësf k|d'v ;'lbk vltj8fn] o:tf] hftsf] ;+/If0f tyf k|j4{g ug{'kg]{ s'/fnfO{ 
Wofg lbP/ ;do ;dodf pQm au}rf cjnf]sg ug]{ sfd ug{'ePsf] 5 / pQm hft ;+/If0fsf] nflu /fli6«o hLg a}+s;+u 
ls;fgnfO{ hf]8\g] sfd ;d]t ug{'ePsf] lyof] . cem o;sf] cnfjf /fli6«o ;'Gtnfhft cg';Gwfg sfo{qmd kfl/kfTn]sf 
k|d'v 8f= pd]z cfrfo{, /fli6«o kmnkm"n ljsf; s]Gb| sLlt{k'/sf k|d'v tyf k|ltlglw;Fu klg o; hftsf] ;+/If0f tyf 
k|j4{gsf] nflu s'/f /fv]sf] s[ifssf] egfO{ 5 . :yfgLo hgk|ltlglw tyf /fhgLlts g]tfx?n] ;d]t rf;f] lbP/ pQm 
hftsf] ;'Gtnf x]g{sf] nflu au}+rf cjnf]sg ug]{ u/]sf 5g\ . xfn;Dd dfofgfy clwsf/L -k|b]z ;f+;b_, hd]G›dfg 
3n] -;+ljwfg ;ef, ;b:o_ / wgGho bjf8L -k|b]z ;f+;b_, uf]dfg l;+x cof{n -d]o/, a];Lzx/ gu/kflnsf_, nIdL 
clwsf/L -pkd]o/, a];Lzx/ gu/kflnsf_, df]xgk|;fb d/fl;gL -k|zf;lso clws[t, a];Lzx/ gu/kflnsf_ n] pQm 
au}+rf cg'udg ul/;Sg' ePsf] 5 . cg'udgsf] qmddf pxfFx?n] o:tf] hftsf] ;+/If0f tyf k|j4{gsf] nflu ;Dalwt 
:yfgdf kxn ug]{  k|lta4tf hgfpg' ePsf] lyof] .
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s[ifssf] ck]Iff

pTkfbgdf :yfgLo ;'GtnfeGbf /fd|f] / /f]u k|lt/f]wfTds Ifdtf ;d]t /x]sf] :ofpt ;'GtnfnfO{ cfˆgf] Ifdtfn] ;s];Dd 
k|rf/k|;f/ u/]sf] t/ To;n] dfq ;Dej gePsf]n] o;sf] k|j4{gdf :yfgLo ;/sf/sf ;fy} k|b]z / ;+3 ;/sf/sf] ;fy 
/ ;xof]usf] nflu cg'/f]w ug{'eof] . xfnsf] cj:yfdf pQm hftsf] ;+/If0f tyf k|j4{gsf] nflu cfˆgf] tyf l;+uf] 
ufpFsf] ;d]t kl/ro cfpg]ul/ btf{ ug]{ k|s[ofsf] nflu ;/sf/L lgsfon] ;xof]u ul/lbP x'GYof] eGg] s[ifssf] ck]Iff 
/x]sf] 5 . To;sf] cnfjf pQm hftsf] :j:y a]gf{ pTkfbg tyf ahf/Ls/0fsf] nflu cfw'lgs lsl;dsf] hfnL3/sf] 
Joj:yfsf] ck]Iff ug{'ePsf] 5 . 

lgisif{ 

;'Gtnf hftsf kmnkm"ndf k|fs[lts ?kdf Do'6];g a9L x'g] ub{5 . k|fs[lts Do'6];gsf] sf/0fn] g} ag]sf] kmn 7"nf] 
tyf cToGt dL7f] / l;6«; lu|lgË /f]u k|lt/f]wL ;d]t ePsf] pQm hftsf] ;'GtnfnfO{ g]kfn s[lif cg';Gwfg cGtu{tsf 
afnL ljz]if sfo{qmdn] yk cg';Gwfg u/L aLp tyf la?jf pTkfbg u/L g]kfnsf ljleGg 7fpFdf km}nfpg ;s]df s]xL 
xb;Dd ePklg ;'Gtnfsf] pTkfbg a9fpg ;lsg] b]lvG5 . o:tf] dxTjk"0f{ cfg'jf+lzs ;|f]tsf] ;+/If0f tyf k|j4{gsf] 
nflu ;DalGwt afnL ljz]if cg';Gwfg sfo{qmd tyf k|j4{g ljsf; sfo{qmdn] Wofg s]lG›t ug{'kg]{ b]lvG5 . pQm 
:ofpt ;'GtnfnfO{ /fli6«o aLp ljhg ;ldltdf ;d]t btf{ u/fP/ ahf/Ls/0f ug]{ / ef}uf]lns ;+s]t k|bfg ug{ ;s] o:tf 
/}yfg] hftx?af6 w]/} kmfObf lng ;lsg] b]lvG5 . 

;Gbe{ ;fdu|L 
u'?ª cfz, @)&( . e]l6of] gofF hftsf] ;'Gtnf . sflGtk'/ b}lgs . @)&(÷)(÷!% .
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Introduction 
Mandarin orange is one of the important fruit crops grown from time immemorial. In the mid-hill, 
citrus species rule the majority of Nepal's fruit production area. The mid-hills of Nepal, which 
range in elevation from 800-1500 m, have favorable agro-climatic conditions for the production 
of high-quality citrus fruit. Even though Nepal is home to mainly three citrus species (hill lemon, 

Abstract

Mandarin orange is an important cash crop in the mid-hill of Nepal, cultivated across 66 
hilly districts. of these, 44 districts, comprising over 989 blocks, are involved in commercial 
cultivation. In 2022, mandarin orange was cultivated over 27,892 hectares, with a productive 
area of 19,481 hectares, yielding a total production of 185,346 metric tons and a productivity 
of 9.51 mt/ha. Among the citrus grown in Nepal, mandarin orange covers 60% of the cultivated 
area, providing employment to 700,000 people and generating transactions worth 30 billion 
Nepalese Rupees. In 1928, Tanaka identified Nepali mandarin orange as Ponkan and regarded 
Nepal as a secondary center of origin, noting the presence of mandarin orange trees and forests 
dating back over 400 years. As reported by early researchers there are 60 heirloom landarces 
available in Nepal. Fresh Nepali mandarin oranges are available from December to February, 
with fruit imports filling the gap for the remaining nine months. The field gene bank of NARC 
contains 45 mandarin orange accessions, suggesting that fresh fruit could be supplied from 
August to March, and with proper storage practices, fruit availability could extend until May. 
Early varieties like Paripatle Agaue-1 and Miyagawawase, grown at altitudes as low as 800 
meters, along with Kinnow in the Terai region, could supply fruit from August. Mid-season 
varieties such as Nova, Imperial, and Daisy could supply fruit from October to November, 
followed by Nepali heirloom varieties like Khoku and Banskhark from December to early 
March. Late varieties like Avana and Murcott could supply fruit from March to April. This 
strategy aims to promote the commercial cultivation of mandarin orange and reduce the need for 
fruit imports during lean periods. Nations sound breeding program for varietal diversity creation 
along with value addition and big storage facilities utilization for fresh fruit are long term focus 
on commercial utilization of mandarin orange diversity in Nepal.
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rough lemon and mandarin orange), mandarin orange (Citrus reticulata Blanco) is mainly 
produced on a large scale for commercial purposes (Table 1). There are reports which suggest 
that mandarin orange fruit promotes the nation's nutrition, economics, and living standards. From 
an economic perspective, mandarin orange fruit is four to five times more profitable than cereal 
crops on hill terraces and slopes (Gauchan, 2000). Additionally, it offers great opportunities 
for domestic as well as international trade (Acharya & Shrestha, 2021 and Adhikari & G C, 
2020). The Nepali government has been paying attention to research and development of citrus 
fruit crops since early 1960, including recently in policy documents such as the Agriculture 
Perspective Plan (1995) and Agriculture Development strategy (2015). Four research centers 
under Nepal Agricultural Research Council, and two horticulture farms under Department of 
Agriculture and 20 super zones and zones under Prime Minister Agricultural Modernization 
Projects are actively involved in mandarin orange research and development activities. Recently, 
the mandarin orange fruit has been declared as the national fruit of Nepal. This paper is prepared 
by performing a desk review of papers published in the period of 1990 to 2022. The aim of this 
paper is to focus on commercial utilization of current biodiversity of mandarin orange in Nepal.

Citrus fruits especially mandarin orange is typically eaten fresh in Nepal. Fruits are also used 
to make marmalade, squash, and other flavors. Of the total fruit area in Nepal, mandarin orange 
accounts for 15.32% (27,982 ha) area standing in second position after the mango crop (MoALD, 
2023). This shows that mandarin orange is the main fruit grown in Nepal and has an important 
role in the economic prosperity of Nepali farmers. Landraces are the types of  the mandarin 
orange cultivated in Nepal (550 – 2000 m)  (Paudyal et al 2016, 2017). Not only the productivity 
of mandarin orange fruits in Nepal is low but also the production period is very short due to 
these native and heirloom varieties. A list of recommended or superior varieties under cultivation 
in Nepal is shown in Table 9. There are more than 807 wards of 66 districts are involved in 
mandarin orange production in Nepal producing 185000 mt fresh fruit and it contributes to 
0.96% of agricultural gross domestic production. Mandarin orange farming involves seven lakh 
people both on and off the farm with a transaction of 30.61 Arab Nepali currencies. Citrus is 
thus a significant agricultural sub-sector in Nepal (Acharya & Adhikari, 2022). However, the 
country's demand for citrus cannot be supplied by the present level of production (Table 2: Dahal 
et al., 2020). In the past 5 years, the productivity of mandarin orange orchards has not drastically 
increased even some time it has decreased (Table 3: MoALD, 2022/23).

Table 1. Total area, productive area, production, and productivity of major citrus fruits in 
Nepal (2021/22)

Major citrus  fruits Total area 
(ha)

Productive area 
(ha)

Total  
production (mt)

Productivity 
(mt/ha)

Mandarin orange 27,982 19,481 185,346 9.51
Sweet orange 6,595 4,487 51,644 11.51
Acid lime 9,701 6,070 44,462 7.33
Lemon 2,636 1,884 13,437 7.13
Other citrus 2,392 1,495 11,261 7.53
Grand Total 49306 32417 306149 9.47

(Source: Statistical Information of Nepalese Agriculture 2021/22, MoALD 2023)
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Table 2. Import of citrus fruit in Nepal in last six years.

Fiscal year Quantity (mt) Amount (NRS)
2017/18 26595 1122100000.00

2018/19 24933 1207000000.00

2019/20 28739 1371200000.00

2020/21 25442 1271900000.00

2021/22 17072 881600000.00

2022/23 21950 1351200000.00

Table 3. The mandarin orange fruit production statistics of Nepal in the five years

Year Total area 
(ha)

Productive area 
(ha)

Production  
(mt)

Productivity  
(mt/ha)

2017/18 27150 16156 161434 10.0
2018/19 27951 17220 177381 10.3
2019/20 26521 14551 156180 10.73
2020/21 27002 18369 198406 10.08
2021/22 27982 19481 185346 9.51

(Source: Statistical Information of Nepalese Agriculture 2021/22, MoALD 2023)

The value of imported fresh mandarin orange fruit is increasing, but not the quantity (Table 2). 
Nepal primarily imports fresh mandarin orange fruit from India, South Africa, and Australia. 
The majority of the mandarin orange fruit (>90%) comes from India, mostly the Nagpure and 
Kinnow varieties (Figure 1). During the Paush to Falgun period when Nepali mandarin orange 
is in the market, the price of imported mandarin orange goes down compared to native produce. 
For the rest of the year, 
Indian mandarin oranges 
dominate the Nepali 
market. Some Nepali 
supermarkets also sell 
mandarin oranges from 
Kenya and China, 
although the timing 
and volume of these 
new sources are not yet 
fully recorded. There 
are several ways to 
properly commercialize 
Nepali mandarin orange 
produce, which are 
discussed below.

Figure 1. Price of mandarin fruit in Kalimati market in Fiscal year 2079 
(Source KFVMC, 2022)
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Table 4.  Accession of citrus conserved in field gene bank at NCRP, Paripatle, Dhakuta 

Species accessions, n Source
Mandarin orange 45 France, Japan, Australia, India and Domestic
Sweet orange 35 India, Australia, France and Domestic
Tangelo 3 France and Japan
Tangor 4 France and Japan
Acid Lime 25 Domestic collection
Lemon 7 Domestic collection
Grape fruit 10 France, Vietnam, Domestic
Kumquat 4 India, China
Rootstocks 17 France, Australia and Domestic
Total 154

(Source: Gotame et al., 2014; NCRP, 2023)

Use of diverse indigenous and exotic mandarin orange varieties (extra, early, 
mid and late season)
In the early 1960’s different exotic varieties of mandarin orange (Table 4) were introduced and 
trials were started at Citrus Research Sub-Centre, Pokhara, and then Citrus Research Center 
Dhankuta (Paudyal et al., 2016). Even though some early and late maturing varieties have 
been identified through these studies (Table 6 and 7), the registration and commercialization 
of those varieties have not been done except recent registration of Unshiu (Okitsuwase) in the 
year 2023 (Table 6). A strategy for the production and marketing of Nepali fruit for at least 
ten months has been proposed in Table 8. The fresh fruit could be supplied from August to 
March, and with proper storage practices, fruit availability could extend until May using this 
strategy. Early varieties like Paripatle Agaute-1 and Miyagawawase, grown at altitudes as 
low as 800 meters, along with Kinnow in the Terai region, could supply fruit from August. 
Mid-season varieties such as Nova, Imperial, and Daisy could supply fruit from October to 
November, followed by Nepali heirloom varieties like Khoku and Banskhark from December 
to early March. Late varieties like Avana and Murcott could supply fruit from March to April. 
This strategy aims to promote the commercial cultivation of mandarin orange and reduce the 
need for fruit imports during lean periods. Though the volume could be less initially with the 
rapid expansion of the area Nepal could leap toward self-sustaining system in the long run if 
the proposed path is followed.

In the year 2004, the National Citrus Research Program, Dhankuta started testing 31 new varieties 
of mandarin orange, sweet orange, juntala (hybrid of orange and junar), and grapefruit with 
introduction from France. Paudyal and Subedi (2008) reported that 23 mandarin orange varieties 
were evaluated at NCRP, Dhankuta for fruit quality and maturity period. However, these varieties 
have not been registered and commercialized until 2018 (Acharya & Pakka 2018). Besides, 
there are many citrus varieties introduced from India and Australia which are in the testing stage 



65
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

(Table 5). In 1980, the Kinnow mandarin orange genotype received from Pakistan was tested in 
various research centers, but due to the discontinuation of research, the technology related to its 
commercial production has not been fully developed (Paudyal et al. 2016). Limited quantities 
of saplings are being distributed from the National Citrus Research Programme, Dhankuta, and 
small quantities of fresh fruit are in production in some areas of  terai (plains). 

Table 5. Indigenous and exotic mandarin orange germplasms maintained at National Citrus 
Research Program (NCRP) Dhankuta and Warm Temperate Horticulture Center Kritipur (WTHC) 
in Nepal

Species NCRP Dhankuta WTHC Kritipur

Mandarin orange  
(C. reticulata)

Bashkharka Local, Sikkime, Khoku 
Selection, Gorkhali suntala, Pogan, 
Kamala, Fortune, Kara, Nova, Pixie, 
Dancy, Avana, Page, Hernadina, 
Oroval, Commune, Marisol, Nules, 
Kinnow, Frutrel Early, Kalamadarin

Clementine, Dekopongan, Frutrel 
Early, Hayaka, Kiyomi, Kinnow, 
Murkott, Ota Pongan, Thai 
Tangarin, Yoshida Pongan.

Satsuma mandarin 
orange (C. unshiu)

Miyagawawase, Okitsuwase, 
Satsumawase, Urss, Satsumawase, 
Okitsu

Imamura Unshiu, Miyagawawase, 
Okitsuwase, Miyauchi Iyo, 
Aoshimaunshu, Otsu-4

Tangor (Tangarin X S. 
orange) Ellendele, Murcott, Ortanique

Tangalo  
(Tangarin X Pumelo) Minneola, Orlando, Seminole                      Orlando

(Source: Modified and adapted from Gotame et al. 2014 and 2016)

Table 6. Registered varieties of mandarin orange cultivated in Nepal and their characteristics.
Variety Characteristics Remarks

Khoku Local
Fruit size:110 g, bright orange colour, TSS 13%, TA1.15%, 
23 t/ha yield, mid hills 1000-1400 m recommendation 
domain, maturity time December to February

Banskhark Local

Fruit size:100-120 g, bright orange colour, TSS 
13%, TA1.2%, 25 t/ha yield, mid hills 1000-1400 m 
recommendation domain, maturity time December to 
February

Paripatle Agaute-1 
(Okitsuwase)

Fruit size:100-120 g, greenish orange colour, TSS 
9 %, TA0.9%, 12-15 t/ha yield, mid hills 800-1400 
m recommendation domain, maturity September to 
October; for high density planting
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Table 7. Maturity time and productivity of 18 mandarin orange accessions tested at NCRP, 
Paripatle in year 2017 

Accession 
Name Maturity time Yield 

(t/ha) Other properties

Satsuma 
Okitsu September 4th week 12.3 Fruit oval shape; texture-fuzzy, crunchy, juicy; 

taste-sweet, tangy;

Okitsuwase October 2nd week 15.0 Early  maturation absence  of seed, less water , 
sweet fruit, low acidity 

Miyagawawase October 2nd week 19.4 Early  maturation absence  of seed, less water , 
sweet fruit, low acidity 

Satsuma Mino October 2nd week 35.6 Flattened sphere, upto 6 seeds, small  to medium 
size fruit

Satsumawase October 4th week 28.3 Early  fruiting, low acidity, moderate sugar; sweet 
and tangy taste

Marisol October 4th week 11.9 Mid-season, low acidity, high vitamin C and 
tangy taste

Oraval November 2nd 
week 35.7 Round shape, bright orange colour, sweet and 

tangy flavor

Commune November 2nd 
week 40.0 Early to Mid season, spherical and tangy taste

Satsuma URSS November 2nd 
week 21.4 Seedless, less acidity, flat- oval shape

Page November 3rd week 4.50 Alternate bearer, small spherical fruit

Nules November 3rd week 10.6 Good eating quality, mid-season, spherical shape

Nova November 3rd week 7.50 Medium to large fruit, mid season, spherical 
shape

Banskharka 
Local November 4th week 29.0 Mid to late season, spherical shape, good eating 

quality

Sikkime Local November 4th week 27.2 Midseason, spherical shape, tangy fruit

Pongan November 4th week 11.3 Less juicy, sweet, spherical fruit

Fortune December 3rd week 19.6 Late season, low eating quality, spherical shape

Kara December 3rd week 5.21 Late season, low eating quality, less sweet

Khoku local December 4th week 24.0 Spherical shape, good blend of sweet and sour, 
high seed (11)

(Source: Acharya et al., 2018)
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Table 8. Strategies for the production of fresh mandarin orange fruit in Nepal

Varieties April May June July Aug Sept Oct Nov Dec Jan Feb March

Extra early 
(Paripatle 
Augate-1/ 
Unshiu)

Early 
(Commune, 
Oraval, Nules, 
Marisol)

Mid season 
(Khoku/ 
Banskharka)

Late season 
(Avana/ 
Murcott)

Storage

(Source: NCRP 2018-2023)

Breeding using local materials 
Developing a new mandarin orange variety is a complex and time-consuming process 
that typically involves several years of breeding and evaluation. However, there are some 
approaches that can expedite the process. Selection breeding is the first and easiest process 
which is employed by NCRP Dhankuta. In this process, selection of native mandarin orange 
accessions was carried out at multiple locations and superior genetic materials are registered 
as local varieties as done with Khoku and Banskharka Local by NCRP Paripatle (Table 6). In 
the meantime, some chance seedlings like Syaut suntala, a superior line supposed to be citrus 
greening tolerant, from Chiti, Lamjung, could be identified and later promoted as potential 
varieties. Secondly, we could go for selection breeding using exotic materials as maintained 
at NCRP Dhanuta (Gotame et al 2020; Table 4). To expedite the process sometime breeder 
uses Marker Assisted Selection (MAS). This technique uses genetic markers linked to desired 
traits to identify promising seedlings early in the breeding process. It can help reduce the time 
and resources needed for field evaluation. Next mutation breeding could be used to create 
genetic variability using indigenous varieties. Breeders could carefully screen these lines for 
seedlessness, disease, and pest tolerance using MAS later. Irradiation and chemicals like ethyl 
methyl sulphonate are some of the agents that could be used as mutagenesis in this process. 
Finally, genetic modification is a process that is rapidly gaining popularity in the scientific arena 
such as Clustered Regularly Inter-spaced Short Palindromic Repeats (CRISP-R) gene editing. 
While controversial, genetic modification techniques can potentially introduce specific traits 
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into mandarin orange varieties more quickly than traditional breeding methods. However, this 
approach may not be suitable for all situations and requires careful consideration of regulatory 
and consumer acceptance issues. Additionally, ensuring that the new variety meets quality and 
safety standards is essential before commercialization. The traditional inter-varietal and inter-
species hybridization of native Nepali mandarin orange with other introduced materials could 
not be ignored while following all above-mentioned approaches as These processes require 
patience, expertise, and resources, but it can lead to the development of new mandarin orange 
varieties that are well-suited to the specific conditions and preferences in Nepal.

Table 9. Selected superior mandarin orange landraces and their place of cultivation in Nepal

SN Province Location Local name of mandarin orange
1 Koshi Khoku, Dhankuta Khoku Suntala

2 Koshi Mangtewa, Sankhuwasabha Mangtewa Suntala

3 Koshi Salakpur, Ilam Ilam Suntala

4 Koshi Bhojpur Bhojpure Suntala

Koshi Rumjatar, Okhaldunga Rumjatar Local

5 Bagmati Pawati, Dolakha Powati Suntala

6 Gandaki Manakamana, Gorkha Manakamana Suntala

7 Gandaki Myagde, Tanahu Myagde Suntala

8 Gandaki Syangja Syangja Suntala

9 Gandaki Banskharka, Parbat Banskharka Suntala

10 Karnali Kotmaula, Salyan Kotmaula Suntala

11 Karnali Dullu, Dailekh Dailekh Suntala

12 Lumbini Gulmi Gulmi Suntala

14 Lumbini Palpa Palpa Suntala

15 Lumbini Arghakhanchi Arghakhanchi Suntala

16 Sudurpaschim Sahajpur, Kailali Sahajpur Suntala
Source: Joshi et al., 2024

Use of different stress-tolerant rootstocks 
There are 17 rootstock species introduced in the National Citrus Research Program Dhankuta 
since the late 1960’s (Table 10; NCRP 2023). Some of these species are under evaluation for 
commercial cultivation using various mandarin orange scion varieties under both terai and 
hills agro-climatic conditions. The rootstocks have various abiotic (cold, heat, and drought 
tolerant) and biotic stress tolerant characteristics and its potential for commercial mandarin 
orange cultivation must be harnessed as Nepal has diverse climate and biotic issues. NCRP 
Dhankuta has recently started a study on the identification of suitable rootstock for Kinnow 
mandarin orange production under terai conditions using five rootstock varieties whose results 
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are yet to come. Similarly, six rootstock varieties are under study for mandarin orange (Khoku 
Local) and Unshiu (Okitsuwase) production under mid-hill conditions at Dhankuta (NCRP 
2020). The initial year's production data shows mixed results and a few more years' results are 
needed to get concrete results (NCRP 2023).

Use high-density planting method using dwarfing rootstocks
Since 2012, the NCRP in Dhankuta has been studying the identification of planting densities 
for optimal mandarin orange production, using both indigenous and exotic varieties and 
rootstocks. Some results are still preliminary, but one exotic variety known as Paripatle 
Aguate-1 (Okitsuwase) has shown promising results, with yields as high as 25 tons per 
hectare when planted at a spacing of 2 meters by 2 meters on trifoliate rootstock under mid-
hill conditions in Sumrekhola, Syangja. Additionally, Khoku mandarin orange grafted onto 
trifoliate orange and planted at spacing ranging from 1.15 meters to 3.5 meters apart in the 
mid-hills of Dhankuta demonstrated the highest yield of up to 28 tons per hectare at a spacing 
of 1.8 meters by 3 meters (NCRP 2020).

Table 10. List of rootstocks conserved and utilized at NCRP Paripatle, Dhanuta

1 NCRP-65 Citrange C-35 INRA_CIRAD Cold tolerance, tolerant to phytophthora root 
rot, tolerant to citrus tristeza virus 

2 NCRP-66 Citrange – 
Carrizo INRA_CIRAD Tolerance to citrus tristeza virus

3 NCRP-67 Poncirus– 
Pomeroy INRA_CIRAD

Pomeroy is a dwarfing disease-resistant 
diploid citrus rootstock, compatible with 
most citrus species, but particularly suitable for 
sweet orange cultivars

4 NCRP-68 Flying Dragon INRA_CIRAD
Dwarfing rootstock for orange, grapefruits, 
lemons and mandarin oranges

5 NCRP-69 Citrumelo 4475 INRA_CIRAD
It is a tetraploid cold-hardy dwarfing 
citrus rootstock, mainly used for sweet 
oranges and grapefruit

6 NCRP-70 Volkameriana INRA_CIRAD

Initial vigor and precocity similar to Rangpur 
lime, less drought resistant, trees are smaller 
as well as the fruit, and more resistant to foot 
rot, but it is susceptible to Blight.

7 NCRP-71 Rangpur lime 
Red INRA_CIRAD Heavy and early bearing, drought resistance 

and resistant to CTV

8 NCRP-113 Citrange old Unknown Cold hardy, tolerant to root rot,

9 NCRP-38 Citrange Unknown Cold hardy, tolerant to root rot,

10 Hokse Nepal Pumelo rootstock, flood hardy

11 NCRP-36 Trifoliate Unknown 
Cold tolerance, dwarfing, tolerance to 
Phytophthora root rot, citrus root knot 
nematode
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12 NCRP-37 Rangapur lime Unknown Heat and root rot tolerant

13 NCRP-39 Boxifolia Unknown 

14 NCRP-40 Rough lemon Unknown Naite Jyamir, vigorous tree habit

15 NCRP-116 Rough lemon Dhankuta Kali Jyamir, vigorous tree habit

16 NCRP-139 Troyer 
Citrange Australia Dwarf rootstock, suitable for sweet citrus 

species

17 NCRP-140 Rough lemon Kathmandu Kathe Jyamir, vigorous tree habit

Value added products
Processed citrus products include a variety of items, ranging from partially processed pulp to 
jam, jelly, squash, nectar, marmalade, and other products suitable for both industrial and home 
kitchen use, such as pickles. Pulp, an intermediate product, serves as the base for nectar, squash, 
and similar products, and can be preserved for extended periods to facilitate production during 
off-seasons. Citrus wine, particularly popular in hilly regions, is also produced from citrus 
fruits. Despite the availability of raw materials in the form of fresh fruit and semi-processed 
pulp, there is an insufficient supply to meet the processing and manufacturing demands of 
Nepal. While fresh fruit availability from domestic sources has consistently fallen short, the 
production of semi-processed pulp for the manufacture of final products is nearly nonexistent 
in Nepal (Thapa et al., 2013). However, recent trade data from Nepal's Department of Customs 
indicates that Nepal exported juice, dried products, and peel worth USD 6.4 million to India, 
Germany, the USA, and Bangladesh in 2021/22. Most major fruit industries in Nepal are heavily 
reliant on imports of pulp to sustain their production processes. The trade deficit situation of 
the nation could be different if Nepali mandarin orange fruit is used for the preparation of 
above-mentioned products.

Storage of main-season fruit inside the cold room 
The native mandarin orange of Nepal is showing alternate bearing of fruit and there 
is overproduction in on- year, on one hand, with the rapid expansion of mandarin orange 
orchards, the production is also increasing year after year resulting in market gluts and price 
dips in some seasons on other hands. Farmers are trying to get their produce stored in cold 
storage and are getting good results in one year and losses in other years due to blue and green 
mold. There is the possibility of stretching the marketing season of native mandarin orange by 
two months with proper handling and storage of fresh fruit (Acharya et al 2021). The limited 
post-harvest handling knowledge and unavailability of fresh fruit processing facilities in the 
pack and storage house most of the activities like cleaning, washing, sorting, and grading have 
been done manually which involves more physical damage and pathogen attacks resulting in 
storage rotting of the substantial amount of fruit. Hence, with proper post-harvest management 
and proper upkeep of storage facilities producers could benefit from the storage of Nepali 
mandarin orange in cold storage.
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Conclusion
There are more than 40 mandarin orange accessions under research and at least 16 heirloom 
varieties cultivated in Nepal. Despite the selection of native and introduction of exotic 
germplasm in Nepal since the late 1970s, their full potential remains untapped, even though 
some exhibit characteristics like early or late maturation. Exploring natural hybrids and 
chance seedlings in native orchards is a viable option for breeders. A robust breeding program 
that leverages heirloom mandarin orange varieties for seedlessness and stress resistance can 
enhance variability in the native gene pool. Additionally, utilizing recent and introduced 
rootstock germplasm can maximize the potential of existing mandarin orange varieties for 
early or late harvesting, as well as high-density orchard management utilizing various kind 
of rootstock is another option. Proper storage and handling of native mandarin oranges, 
along with developing value-added products from market-unfit fruit, can contribute to the 
commercialization of the national fruit.
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Abstract 

Mandarin orange is a traditional and ancient fruit in Nepal. This study delves into the validation of 
Geographical Indication (GI) for Nepalese mandarin orange, a fruit known for its geographically 
linked quality and esteemed status as one of the most preferred fruits in Nepal. Through a 
substantive  review, this research explores the diverse types of mandarin orange associated with 
various production domains, highlighting their eligibility for geographical indication rights, 
including collective rights. A common practice in the trade of mandarin orange involves branding 
and selling by the name of the production area, underscoring the fruit's strong geographical 
connection. The study calls for granting geographical indications (GI) to various landraces of 
mandarin orange cultivated in different regions, highlighting its potential to boost the economy of 
farming communities and support the conservation and promotion of mandarin orange cultivation 
in Nepal. Legislation to grant GI should be enacted promptly, along with simplified administrative 
procedures. Farming groups need to be strengthened in the GI process, and GI should be awarded 
based on geographical location to benefit specific communities.

Introduction 
In the intricate world of trade and commerce, geographical indications (GIs) stand as essential 
markers of authenticity, linking products to their specific places of origin while safeguarding 
their unique qualities and reputations. These indications not only celebrate the cultural heritage 
and traditional practices of a region but also serve as potent tools for economic growth and 
cultural preservation. A Geographical Indication (GI), as defined by WIPO (2017), represents a 
distinctive marker applied to products originating from specific geographic locations, possessing 
qualities or reputation inherently tied to that locale. To qualify as a GI, a designation must 
unequivocally associate a product with its place of origin. Furthermore, the unique qualities, 
traits, or renown of the product should predominantly stem from its geographical provenance, 
establishing a direct correlation between the product and its original place of production.

Keywords: Policy, Geographical indication, Evidences, Suntala, Diversity, Location 
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GIs encapsulate the cultural, geographical, and traditional essence of regions and communities. 
These marks or signs are bestowed upon commodities of local significance, guaranteeing 
their origin and inherent characteristics. Such products not only bolster local heritage but also 
command premium prices in the market due to their assured quality. Geographical indications 
often signify specific geographic origins and distinctive quality attributes, providing a platform 
for countries to showcase and promote their products on the global stage, thereby enhancing 
economic prowess and cultural legacy.

Traditionally, GIs find application across various sectors including agricultural products, 
foodstuffs, alcoholic beverages, handicrafts, and industrial goods. Pioneering GI systems such 
as appellations of origin, exemplified by Gruyère cheese from Switzerland and French wine, 
were among the earliest to receive official endorsement through government-issued stamps, 
certifying their origins and adherence to stringent standards. In South Asia, notable examples 
of GIs include Basmati rice, Himalayan waters, Alphonso and Sindhri mangoes, Bhutanese 
red rice (Jain, 2009) Pakistani shu (windproof woollen fabric) and ajrak (designs from Sindh), 
and jasmine (Hom Mali) rice. With India boasting 370 registered GIs as of September 2020, 
including the iconic Darjeeling tea (Patel and Zala 2021), GIs play a crucial role in safeguarding 
and promoting the unique attributes of regional products.

Nepal, endowed with diverse agrobiodiversity due to climatic variations, harbors numerous 
agricultural products with potential for GI recognition (Joshi et al., 2017). Notably, products 
such as Khoku Local mandarin orange, grown in specific areas like Manakamana, Khokana, 
and Kamala, exemplify the nexus between quality and geographical origin. While informal 
practices recognize certain products like Khoku Local mandarin orange as de facto GIs, 
formal registration remains absent. Nevertheless, a policy provision exists for GI recognition 
in Nepal, underscoring the country's commitment to promoting its unique products.

Despite Nepal's limited competitiveness in the global market, its distinctive products command 
additional value due to their geographical provenance, quality, and reputation. Geographical 
indications serve as intellectual property rights, safeguarding products with specific spatial 
origins and distinctive attributes. Recognizing the strong link between product quality and 
geographical origin, exploring GIs, particularly concerning Nepali products like mandarin 
orange, presents a significant opportunity for the country to showcase its unique offerings on 
the global stage, fostering economic growth, and preserving cultural heritage.

Furthermore, the adoption of GIs facilitates on-farm conservation, marketing of localized 
quality products, and rural development, as demonstrated by initiatives such as the Nepal 
Genebank's integration of GIs into its conservation and agrobiodiversity utilization practices. 
Through strategic utilization of GIs, Nepal can leverage its rich agricultural diversity to bolster 
economic development and enhance global recognition of its unique products.

This comprehensive evidence review aims to delve into the nuances of validating geographical 
indication for Nepalese mandarin orange, shedding light on its cultural significance, intrinsic 
qualities, and economic implications. By harnessing the power of GI, Nepal not only secures 
the rightful recognition of its agricultural heritage but also opens doors to sustainable rural 
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development and localized marketing strategies. Through this exploration, we seek to highlight 
the symbiotic relationship between Nepalese mandarin orange and its geographical roots, 
emphasizing the critical role of GI in preserving biodiversity, fostering rural prosperity, and 
unlocking the full potential of Nepal's agricultural bounty on the global market. As we embark 
on this journey, let us unravel the untold stories embedded within the essence of Nepalese 
mandarin orange, paving the way for a future where authenticity, tradition, and prosperity 
converge on the world stage.

Mandarin orange diversity and production areas
Mandarin orange cultivation in Nepal exhibits a rich tapestry of diversity, characterized by various 
landraces that thrive across the country's diverse agro-climatic regions. These landraces, often named 
after their production sites, have distinct attributes and are traditionally identified and marketed 
based on their origin. Many exotic varieties are also available (Table 1) and these can be grouped in 
different categories (Table 2). The diverse array of about 60 mandarin orange landraces manifests in 
variations in size, maturity period, taste, aroma, skin thickness and smoothness, juiciness, sweetness, 
and weight. In Nepal, mandarin orange cultivation spans across 66 out of 77 districts (Table 3), with 
particular emphasis on 34 districts known for their high demand and suitability for mandarin orange 
production (NCDP, 1990). Among these districts, the mid-hill region emerges as a major domain for 
mandarin orange cultivation, earning it the moniker "gold of the mid-hill."

The cultivation of mandarin orange is deeply ingrained in local agricultural practices, often 
observed in close proximity to households. It is common for households to grow a few mandarin 
orange plants, typically ranging from one to three, near their dwellings. These plants not only 
provide a convenient source of fresh fruit but also offer shade to adjacent areas, including agan 
(courtyards), where farmers often take respite during sunny days.

The cultivation of mandarin orange in Nepal reflects a vibrant landscape of diversity, with 
distinct landraces cultivated across various production areas. The significance of mandarin 
orange cultivation extends beyond mere agricultural practices, intertwining with local traditions, 
livelihoods, and cultural practices, particularly in the mid-hill regions, where mandarin orange 
cultivation serves as a cornerstone of agricultural prosperity and community livelihoods.

Table 1. Indigenous and Exotic genetic resources maintained at different stations.

Species NCRP, Dhankuta WTHC, Kirtipur

Common 
mandarin orange 
(Suntala)

Banskharka Local, Sikkime, Khoku Selection, 
Gorkhali Suntala, Pogan, Kamala, Fortune, 
Kara, Nova, Pixie, Dancy, Avana, Page, 
Hernadina, Oroval, Commune, Marisol, Nules, 
Kinnow, Frutruel Early, Kala mandarin orange

Clementine, Dekopongan, 
Frutruel Early, Hayaka, 
Kiyomi, Kinnow, Murkott, 
Ota Pongan, Thai Tangarin, 
Yoshita Pongan

Satsuma mandarin 
orange

Miyagawawase, Okitsuwase, Satsuma wase, 
URSS Satsuma, Unshiu (NCRP 04)

Imamura unshu, 
Miyagawawase, 
OkitsuWase, Miyauchi Iyo, 
Aoshimaunshu, Otsu-4

Source: Gotame et al., 2014
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Table 2. Grouping of Nepalese mandarin orange based on morpho-physiological traits t criteria 
and recommended domains

S.N. Characteristics Khoku Sthaniya Okitsuwase 
(seedless variety)

Miyagawa-wase 
(Seedless variety) Banskharka

1. Origin Khoku, 
Dhankuta, Nepal Japan Japan Parbat, 

Nepal
2. Tree height 200 cm

3. Total fruit 
production per tree 200

4. Weight 100-120gm 140-180gm 130 gm 180-200
5. Color Bright orange Green
6. Shape of orange Round
7. Juice content 45% 48% 45%
8. Acidity 0.8-1.2% 0.8-1% 0.8%
9. T.S.S 12-13% 8-9% 8%

10. Flowering time Fagun-Chaitra Fagun Fagun
11. Flower color White
12. Production per tree 28 kg

13. Production per 
hectare 24 ton per ha

14. Fruit ripening time Poush-Magh
2nd wk of Bhadra 
to last wk of 
Asoj

Asoj-Kartik Magh-
Fagun

15. Altitude 1000-1600 masl Lower altitude 
than Khoku

Lower altitude 
than local 
varieties

16. Recommended 
area Eastern hill

Table 3. Pocket profile of main citrus producing districts of Nepal
S.N. District Pocket area

Koshi Province
1 Taplejung Dokhu, Nidhuradin, Change
2 Dhankuta Telia, Khoku, Chinntang, Dhankuta, Belhara, Khwafok, Maunabudhuk
3 Panchthar Amarpur, Nagi, Panchami, Ranigaun, Kurumba, Luwamfu
4 Bhojpur Gupteshwor, Annapurna, Kota, Ranibas, Aamtep, Rangpang, Mulpani, Baikuntha
5 Sankhuwasabha Chainpur, Mamling, Siddhapokhari, Sitalpati, Khandbari

6 Ilam Barbote, Soyang, Namsaling, Jirmale, Goduk, Kanyam, Sumbek, Pashupati 
nagar

7 Okhaldhunga Manebhanjyang, Dhulachap, Rumjatar, Taluwa, Moli
8 Khotang Simpani, Temba/Damkha, Mangaltar, Lamidada
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S.N. District Pocket area

9 Udyapur Lekhani, Limpatar, Mayenkhu, Okhale, Aaptar, Khanbu, Pokhari, Mainamaini, 
Katunjebawla, Beltar, Hadiya, Rampur, Nepaltar, Katari

Bagmati Province

1 Sindhuli
Tinkanya, Ratanchura, Baseshwor, Nirmanadhin, Rajmarg side, Bhimeshwor, 
Jalkanya, Majhuwa, Sitalpati, Purano Jhangajholi, Ratmata Jhangajholi, 
Baseshwor

2 Makwanpur Namtar, Kalikatar
3 Ramechhap Ramechhap, Bhaluajor, Okhareni, Salu, Dadhuwa, Phulasi
4 Kavrepalanchok Sharda Batase, Panauti N.P., Patalekhet, Kushadevi, Sankhu, Balthali
5 Chitwan Darechowk-1,4,5, Chandi Bhanjyang-5
6 Dhading Jogimara, Syardul, Kallari, Nalang, Katunje

Gandaki Province

1 Myagdi Dana, Okharbot, Ghatan, Darwang, Niskot, Singa, Arthunge, Pipale, Beem, 
Devisthan, Bhagawati,Arman, Jyamrukot

2 Baglung Tityang, Malika, Damek, Sarkuwa, Jaedi, Bhakunde, Sisakhani, Hatiyachetra

3 Parbat Banskharka, Majhphant, Deupurkot, Deurali, Kusi, Nilahar, Limithana, Thana 
Maulo, Pangrang

4 Kaski Bharat Pokhari, Nirmalpokhari, Pumdibhumdi, Thumki, Kalika, Hansapur, 
Salyan, Rupakot, Bumakodado

5 Lamjung Chiti, Udipur, Kunchha, Duradada, Bhorletar, Ishaneshwor, Mohoriyakot, 
Tarkughat, Simpani, Bhulbhule

7 Gorkha Manakamna, Tanglichok, Bunkot, Bhirkot, Ghayampesal, Palungtar, Tara Nagar

8 Syangja Setidobhan, Pauwegaude, Biruwa, Rangmang, Arjun chaupari, Dahathum 
walling N.P., Galyang, Pidikhola, Putalibazar-12,13

9 Tanahun
Baidi, Chandrawati. Chok, Rupakot, Basantapur, Purkot, Jamune, Chhang, 
Manpagn, Keshavtar, Arunodaya, Dharampani, Kyamin, Dhorfirdi, Bhirkot, 
Aanwu, Sepa Bagaicha

Lumbini Province

1 Argakhanchi Khan, Khanadaha, Hansapur, Pokharathok, Padeni, Khidim, Pathauli, Maidan, 
Mareng, Bhagwati, Arghatos

2 Gulmi Nayagaun, Pipaldhara, Hadahade, Bhanbhane, Bhurtung, Gaidakot, Arkhale, 
Purkot, Shringa, Bletaksar

3 Pyuthan Swargadwari, Dhuwang, Maranthana, Dhuwang, Dangwang
4 Rukum Syalapakha
5 Rolpa Dhawang, Kotgaun, Liwang, Ghartigaun, Eriwang

6 Palpa Chhahara, Palung Mainadi, Mujhung(namuna), Deurali, Khasyaoli, Ringeraha, 
Jalpa

Karnali Province
1 Salyan Marke, Tharmore, Kotmala, Dhorchaur, Bhotechaur, Bhalchar, Rangechaur
2 Dailekh Dullu, Chiudi, Lakuri
3 Jajarkot Dhime
4 Mugu Haryanju
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S.N. District Pocket area
5 Surkhet Malarani, Dharapani, Kafalkot
6 Kalikot Mehelmudi

Sudurpaschim Province
1 Doti Aagar Bhadisain Mahadevsthan, Bhudbhara, Wayel, Durgamandu.
2 Acham Mangalsen, Marku, Tosi
3 Kailali Nigali, Sahajpur
4 Darchula Bhrahamadev
5 Bajura Jugada, Barhabise, Kailashmandu, Jayabageshwori, Kolti, Kotila

Source: NCDP, 2002

Intellectual property right for Suntala 
In Nepal, intellectual property (IP) encompasses a diverse range of intangible assets, including 
inventions, literary and artistic works, designs, symbols, names, and images. These creations 
are safeguarded by legal instruments such as patents, copyrights, and trademarks, allowing 
individuals to gain recognition or financial benefits from their innovations. The IP system aims 
to create an environment conducive to fostering creativity and innovation.
Since 1936, Nepal has had legal provisions for IP through the Patent, Design, and Trademark 
Act. This legislation was later updated with the Patent, Design, and Trademark Act of 1965, 
with further amendments in 1987. Currently, IP rights are regulated by this act, alongside the 
Copyright Act of 2002 and the Copyright Regulation of 2004. The responsibility for overseeing 
IP registration and regulation lies with the Department of Industry under the Ministry of 
Industry. Recently, the Government of Nepal (GoN) approved the National Intellectual 
Property Right Policy 2017, encompassing a comprehensive framework for various IP rights, 
including copyrights, patents, industrial design, trademarks, geographical indications (GI), 
varietal protection, trade secrets, and traditional knowledge. Among these, geographical 
indications confer exclusive rights to specific regions, enabling them to use names for products 
that correspond to their unique characteristics.
Nepal's commitment to IP extends internationally, with membership in organizations such as 
the World Intellectual Property Organization (WIPO) since 1997. Additionally, Nepal acceded 
to the Paris Convention for the Protection of Industrial Property in 2001, joined the World 
Trade Organization (WTO) in 2004, and became a signatory to the Agreement on Trade-
Related Aspects of Intellectual Property Rights (TRIPs) in the same year. These memberships 
necessitate Nepal's adherence to improving and managing IP rights through policy formulation, 
law enforcement, and regulatory measures.
In practical terms, trademarks serve as distinctive signs used by enterprises to differentiate 
their goods and services from others', granting owners the right to prevent unauthorized use. 
Meanwhile, geographical indications inform consumers that a product originates from a 
specific place and possesses certain characteristics attributable to its place of production. This 
indication may be used by all producers who manufacture their products in the designated area 
and whose products share typical qualities.
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GI schemes and protection approaches 
Geographical indications and traditional specialties, vital for promoting and safeguarding 
the names of high-quality agricultural products and foodstuffs, are upheld through various 
mechanisms. Some schemes are given below. 

European union schemes
o Protected Designation of Origin (PDO): This scheme protects products whose 

quality or characteristics are exclusively attributable to their origin in a particular 
geographical location, where all production stages occur.

o Protected Geographical Indication (PGI): PGI safeguards products whose 
reputation, qualities, or characteristics are linked to their geographical origin, with at 
least one production stage occurring in the designated area.

o Traditional Specialties Guaranteed (TSG): TSG protects products with traditional 
recipes or production methods, ensuring their distinctiveness from other similar products.

Protection approaches
o Sui Generis Systems: Special regimes of protection, tailored to the unique attributes 

of geographical indications, offer legal safeguards to ensure their authenticity and 
prevent misuse.

o Collective or Certification Marks: Utilizing collective or certification marks enables 
producers within a specific geographical area to collectively safeguard the quality and 
authenticity of their products.

o Business Practice-focused Methods: Administrative product approval schemes and 
other business practices are employed to maintain quality standards, ensuring that 
products bearing geographical indications meet specific criteria before entering the 
market.

In accordance with international treaties and national laws
o Special Laws for Geographical Indications: These laws provide dedicated legal 

frameworks for the protection of geographical indications or appellations of origin, 
ensuring their exclusivity and preventing unauthorized use.

o Trademark Laws: Collective marks or certification marks within trademark laws 
play a pivotal role in protecting geographical indications, providing legal recognition 
and enforcement mechanisms.

o Laws Against Unfair Competition: Legislation aimed at combating unfair 
competition safeguards the reputation and integrity of geographical indications, 
deterring deceptive practices and unauthorized use.

o Consumer Protection Laws: Ensuring consumer confidence and protection, these 
laws contribute to maintaining the authenticity and quality associated with products 
bearing geographical indications.
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o Specific Laws or Decrees: Tailored legal measures recognize individual geographical 
indications, providing them with formal recognition and legal protection under 
national legislation.

The Geographical Indications (GI) scheme in the United States operates differently compared 
to other countries such as India and those in the European Union. In the U.S., GIs are 
primarily protected through the trademark system, including certification marks and collective 
marks, under the framework of the Lanham Act. These multifaceted approaches, spanning 
international treaties, national laws, and specialized schemes, collectively contribute to the 
effective promotion and protection of geographical indications, preserving their cultural 
heritage and economic value.

Geographical indication in Nepal 
In Nepal, the diverse microclimatic conditions facilitate the cultivation of a wide range of 
agricultural products. These products are intricately linked to their places of origin and are 
influenced by specific local factors such as climate and soil composition (Subedi, 2006). 
Such distinctive characteristics are recognized as geographical indications (GIs), representing 
intellectual property that warrants protection. Moreover, GIs play a crucial role in promoting 
the conservation of agro-biodiversity on-farm and contribute to the economic development of 
local communities. 

Nepal's Intellectual Property Rights (IPR) Policy of 2017 includes provisions to protect and 
promote intellectual property, with a focus on geographical indications (GIs). Key aspects 
related to GIs include emphasizing the recognition and registration of GIs to protect products 
with unique geographical origins and qualities, developing a robust legal framework for 
their registration and protection, conducting awareness campaigns to educate producers and 
consumers about their benefits and significance, and providing support to local producers to 
help them register GIs and protect their products from imitation and misuse.

Possible conditions for GI to Suntala
To establish Geographical Indication (GI) for mandarin orange in Nepal, several conditions 
and considerations need to be addressed, especially in light of the current informal practice of 
GI and the potential benefits outlined (Joshi et al., 2017, Joshi and Gauchan, 2020). Here are 
the possible conditions:

1. Center of Origin Designation: Given that no product has been registered as a GI in 
Nepal, designating the indigenous orange varieties as the national fruit could pave the way 
for obtaining a Center of Origin GI tag. This recognition highlights the unique qualities 
and heritage associated with Nepalese mandarin orange varieties.

2. Legal Protection: Legal protection is crucial to prevent unauthorized use of the GI 
designation. Establishing a robust legal framework for GI registration and enforcement 
ensures that only genuine mandarin orange products originating from specific regions are 
granted the GI status, safeguarding the integrity of the market.
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3. Benefits for Farmers and Producers: GI status can bring significant benefits to local 
farmers and producers by providing them with premium pricing opportunities and 
improving their incomes. This incentivizes continued cultivation of mandarin orange 
varieties and contributes to rural development.

4. Boosting Rural Development: GI designation serves as an instrument of rural 
development, particularly in less-favored or remote areas. By promoting mandarin orange 
products with unique characteristics, GI status can enhance rural economies and help 
retain the local population in these regions.

5. Reduction of Unfair Trade Practices: GI status helps reduce unfair trade practices by 
distinguishing genuine mandarin orange products from counterfeit or inferior alternatives. 
This ensures that consumers receive authentic products while protecting the reputation of 
Nepalese mandarin orange varieties.

6. Preservation of Local Culture and Resources: GI designation preserves the local 
culture and resources associated with mandarin orange production. It promotes sustainable 
agricultural practices and conserves traditional knowledge and heritage.

7. Consumer Information: GI labeling provides consumers with complete information 
about the origin and quality of mandarin orange products. This transparency enables 
consumers to make informed choices and reinforces trust in the authenticity of Nepalese 
mandarin orange varieties.

8. Differentiation and Price Premium: GI designation differentiates Nepalese mandarin 
orange products in the market, leading to increased prices due to their unique qualities and 
geographical origin. Consumers are often willing to pay a higher price for products with 
GI status, recognizing their superior quality and authenticity.

9. Improvement of Farmer Incomes and Rural Retention: GI designation improves the 
incomes of mandarin orange farmers by capturing premium prices and creating entry 
barriers for counterfeit products. This, in turn, helps retain the rural population in mandarin 
orange-producing regions, contributing to sustainable rural livelihoods.

Establishing GI for mandarin orange in Nepal requires a comprehensive approach that addresses 
legal, economic, social, and cultural aspects. By meeting these conditions and leveraging the 
potential benefits outlined, Nepalese mandarin orange varieties can gain recognition and value 
in both domestic and international markets.

Geographical indications (GIs) in Nepal serve several critical functions: they denote the quality 
and origin of agricultural products, establishing a reputation for authenticity and trustworthiness 
that enhances marketability. GIs prevent the spread of generic products that might imitate the 
qualities of genuine regional goods, thus protecting the integrity of local products. Additionally, 
GIs safeguard Nepal's domestic market from competition with counterfeit goods, fostering the 
growth of local industries and supporting farmers' and producers' livelihoods. The recognition 
and protection of GIs in Nepal preserve the heritage of local agricultural products and contribute 
to sustainable economic development and community empowerment.
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Empirical evidences for GI to Suntala 
Many different aspects of agricultural products can be compiled, generated, verified, and 
assessed. Ten themes, as outlined in the Figure 1, represent common areas to gather information 
for obtaining GI rights (Joshi and Gauchan, 2020; Joshi et al., 2017). This information can 
stem from various sources including surveys (both field and literature-based), on-farm and 
on-station research, laboratory studies, focus group discussions, and key informant surveys. 
These sources may span local, regional, national, and global contexts.

The types of proofs and evidences used in the process include publications, video 
documentaries, multidimensional descriptors, archaeological items, web-based information, 
pictures, poems, songs, and more. Strategies for collecting proofs and evidences may involve 
forming committees, conducting surveys, documenting findings, utilizing media platforms for 
requests, and organizing seminars or discussion forums.

Field surveys and multidimensional descriptors play a crucial role in gathering information for 
GI rights. This process may involve video recording, engaging in discussions and observations 
with farmers, and identifying the center of diversity of mandarin orange in the mid-hills of 
Nepal. Notably, certain districts such as Dhankuta, Gulmi, Argakhanchi, Lamjung, and Palpa 
exhibit maximum variation in mandarin orange characteristics and one can observe rich 
information in these areas.

The primary and pivotal step in acquiring GI rights for any specific agricultural product 
involves the generation of empirical and research-based data. This research should be 
meticulously designed to corroborate the GI properties following an extensive survey of 
potential agricultural genetic resources (AGRs) linked to GI. Many products hold significant 
cultural and traditional values, with indigenous crop landraces and their associated products 
often tied to specific geographical locations. Hence, it becomes imperative to safeguard these 
products through GI by enacting appropriate legislation and producing authentic GI-related 
information. Such efforts not only promote marketability but also contribute to on-farm 
conservation and enhance the livelihoods of local communities.

Drawing upon existing study methods, mechanisms, experiences, and knowledge acquired 
from previous research, we have outlined general steps for generating evidence concerning 
agricultural products related to GI, as well as for the application and implementation of GI in 
the country (Figure 2). Although we have successfully compiled evidence-based information 
through field and market surveys, as well as laboratory research, conducting grow-out tests 
and validation in other locations remains a challenge. However, testing in other location as 
explained in Figure 2 is not necessary for getting the GI. To address this, we recommend 
testing potential materials in both the original GI region and other similar production domains 
(non-GI regions) to validate their geo-linked properties. Additionally, materials from different 
localities should be included in the grow-out tests. Comprehensive information encompassing 
agro-morphological traits, organoleptic tests, quality and nutritional analyses, as well as 
post-harvest processing and other relevant tests, must be generated and published alongside 
identifying the GI coverage. Developing appropriate signage for GI application in specific 
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commodities, along with 
establishing a mechanism 
for monitoring GI usage and 
branding, is essential. Prior to 
obtaining GI status, sharing 
findings, collecting feedback, 
and publishing results are 
crucial to preempt any potential 
issues in the future.

Furthermore, conducting 
further studies at the genetic 
level, coupled with experimental 
research in specific soil and 
climate conditions, could prove beneficial in identifying genes and traits associated with geo-
locations. Various marker-based analyses, including morphological, biochemical, or DNA 
markers, in conjunction with soil and climatic analyses, should be considered in this endeavor.

Common practices for getting higher prices 
In Nepal, common practices aimed at obtaining higher prices for mandarin orange fruit, known 
locally as "Suntala," revolve around its unique characteristics and geographical origin. Suntala 
is esteemed as a special aromatic fruit cultivated and harvested in specific regions of Nepal, 
each with distinct geo-linked traits. These traits make it eligible for a geographical indication 
(GI) tag, which can be granted based on the fruit's geography. Nepal boasts an abundance 
of valid evidence supporting the granting of GI rights for Suntala. During the peak season, 
farmers and businesses 
adopt marketing strategies 
that capitalize on the fruit's 
geographical association 
by selling it under location-
specific names such as 
"Manakamana ko Suntala," 
"Khoku ko Suntala," and 
others. To enhance the appeal 
and value of their produce, 
some sellers adorn the fruits 
with one or two green leaves 
on the peduncle, signaling 
freshness and authenticity. 
Additionally, sellers employ 
sorting techniques to ensure 
uniformity and shine, thereby 

Figure 1. Areas of information for potential proof and evidences
Source: Joshi et al., 2017

Figure 2.  General methods for getting geographical indication (GI) right 
and its implementation. Adopted from Joshi et al., 2020
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attracting higher prices in the market. These practices not only highlight the distinctiveness of 
Suntala but also contribute to its premium status in the market place.

Evidences of origin, diversity, cultivation and use values of mandarin orange
The evidences of origin, diversity, cultivation, and utilization values of mandarin orange in 
Nepal are rich and varied. Farmers trace back the cultivation of mandarin orange to their 
ancestors who began cultivating the fruit after collecting seeds from the wild in eastern Nepal, 
reflecting a longstanding tradition of cultivation. Furthermore, numerous related species of 
mandarin orange can be found both on farms and in forests across the country, indicating the 
wide diversity of mandarin orange varieties present in Nepal. Certain regions of Nepal are 
recognized as centers of diversity for mandarin orange, underscoring the country's significance 
in mandarin orange cultivation. Khoku Local, a specific variety of mandarin orange, possesses 
distinct geo-linked traits such as quality and aroma, highlighting the unique characteristics 
associated with mandarin orange cultivation in Nepal. Khoku Suntala is known for its sweet 
taste and refreshing aroma, distinguishing it from other mandarin orange varieties. These 
mandarin oranges are prized for their high juice content and low acidity, making them 
particularly appealing to consumers. The unique characteristics of Khoku Suntala are attributed 
to the specific soil composition, altitude, and climate of the Khoku region. Additionally, local 
farmers often use traditional farming methods, which help maintain the distinct qualities of 
this mandarin orange variety. The importance of geographical localization is emphasized, as 
mandarin orange grown outside of its original home localities may exhibit differences in quality 
compared to those grown in their native areas. Farmers demonstrate a deep understanding 
of cultivation practices (Acharya, 2015), ensuring the continued production of high-quality 
mandarin orange fruits. Fresh mandarin orange fruit is widely consumed, serving as a staple in 
Nepalese diets and reflecting its importance in local cuisine and culture.

Linguistic and ancient literature evidences
Around 2000 years ago, Chinese travelers dubbed Nepal as "the country of golden fruits" 
upon witnessing the vibrant yellow hue of ripening mandarin orange fruits (Lohar and Lama, 
1997). The Nepali term for mandarin orange, "Suntala," translates to "golden story," echoing 
the sentiments expressed by the Chinese travelers. Similarly, the Sanskrit term "Narangi" 
for mandarin orange further underscores the fruit's longstanding association with Nepal, 
reflecting its ancient roots (Bonavia, 1890, as cited in Shrestha and Verma, 1998). Bonavia 
(1890) documented mandarin orange's presence in Butwal, Nepal, in its wild form, affirming 
its indigenous status in the region. Additionally, Tanaka (1929) identified the Himalayan 
foothills, spanning from Burma's eastern corner to Punjab, as the native habitat of Citrus 
medica and C. limon, referring to this area as the Medica-Limon chain. Locals in Darchula 
and Shakhuwasava districts trace their mandarin orange trees back to wild sources, suggesting 
a deep-rooted history of mandarin orange cultivation in Nepal (Shrestha and Verma, 1998). 
These historical records establish citron, mandarin orange, and hill lemon (Nibuwa) as native 
fruits of Nepal, cultivated since ancient times, while species like sweet orange, acid lime, and 
pummelo represent relatively recent introductions to the country.
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In Nepalese folklore, the mandarin orange holds a significant place, evident in various 
cultural aspects and linguistic references. For instance, it's noted that a considerable number 
of Nepalese women bear the name "Suntali," showcasing the fruit's cultural prominence and 
influence on local identity (Lohar and Lama, 1997). This association extends beyond mere 
nomenclature, as the mandarin orange finds its way into the fabric of Nepali arts and literature. 
Poems, folk songs, stories, novels, and even films often feature the mandarin orange, referred 
to affectionately as "Suntala," depicting its deep-rooted presence in the collective imagination 
of the Nepalese people.

Moreover, linguistic and ancient literary evidence further underscores the mandarin orange's 
historical significance in Nepal. The Sanskrit word for mandarin orange, "Narangi," not 
only provides linguistic insight but also hints at the fruit's antiquity within Nepalese culture. 
References in ancient texts such as the Nighantu and Ayurveda shed light on the mandarin 
orange's medicinal properties, emphasizing its importance beyond culinary and cultural realms 
(Bonavia, 1890; Shrestha and Verma, 1998). These texts not only acknowledge the fruit's 
existence but also highlight its therapeutic value, contributing to its revered status in Nepalese 
society since ancient times.

Traditions, specialty and reputation
Mandarin orange holds deep-rooted traditions and a strong reputation in Nepal, where it has 
been cultivated, traded, and enjoyed since ancient times. Local mandarin orange landraces, 
characterized by their unique geo-linked traits, are cultivated across various regions of Nepal, 
contributing to the rich diversity of mandarin orange varieties in the country. These indigenous 
mandarin orange varieties are highly esteemed and command premium prices in the market, 
reflecting their significance and desirability among consumers. One of the distinguishing 
features of Nepalese mandarin orange is its exceptional taste, juiciness, and enticing aroma, 
making it a sought-after fruit for its unparalleled flavor experience. Renowned for its quality 
and freshness, Nepalese mandarin orange enjoys a strong reputation among consumers, further 
enhancing its value and prestige in local markets.

Socio-cultural, economical and market value
Mandarin orange holds significant socio-cultural, economic, and market value within Nepalese 
communities, deeply ingrained in their traditions and daily life. It is not merely a fruit but 
a symbol of social status and cultural heritage, with families who consume and cultivate 
mandarin orange enjoying elevated social standing. Since ancient times, offering mandarin 
orange-based food items to guests, relatives, and VIPs during festivals, special occasions, and 
marriage ceremonies has been a common cultural practice, reflecting the reverence and purity 
associated with mandarin orange in Nepali culture. Considered holy, pure, and "Chokha" 
(meaning pure and sacred), mandarin orange is utilized during fasting, offered to deities, and 
incorporated into various religious ceremonies, such as Chhat, Dashain, and Tihar, particularly 
evident in the Terai region, where numerous socio-cultural evidences attest to its significance 
(Joshi et al., 2017; Joshi et al., 2020).
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Economically, mandarin orange holds immense value both domestically and internationally, 
commanding premium prices in markets. Local farmers market mandarin orange under 
various brand names at local and national levels, showcasing the competitiveness of native 
mandarin orange landraces alongside modern varieties. Many households prioritize growing 
economically valued traits, such as taste and juiciness, contributing to the overall quality of 
Nepalese mandarin orange, which surpasses that of other countries. Among the numerous 
landraces, Khoku, Manakamana local, and Banskharka local stand out for their juiciness and 
enjoy high market demand, fetching favorable prices compared to other varieties (Joshi et al., 
2017; Malla and Shakya, 2004).
In addition to its economic significance, mandarin orange possesses inherent nutritive and 
medicinal value, making it a sought-after fruit globally. Citrus species, including mandarin 
orange, are prized for their refreshing taste, rich sugar content, and high vitamin C levels, 
ranging from 25 to 100 mg/100ml. Beyond its nutritional benefits, mandarin orange rinds 
are rich in pectin, essential oils, and glucosides, offering additional health advantages. The 
per capita consumption of citrus fruit is notably higher in developed countries compared to 
Asian countries, highlighting the potential for increased consumption and demand. Moreover, 
mandarin orange's medicinal properties, including its role in maintaining a robust immune 
system, preventing diseases like scurvy and anemia, and its anti-tumor and anti-malarial 
properties, underscore its multifaceted importance beyond its economic value (Aubert et al., 
1990; Radha and Mathew, 2007).
Historical evidences and research
Historical evidence and research on mandarin orange in Nepal date back to ancient times, 
with numerous old literatures documenting its significance. Over the years, horticulturists and 
farmers have accumulated substantial knowledge about mandarin orange cultivation practices, 
contributing to its long-standing presence in Nepalese agriculture. Formal efforts to develop 
mandarin orange cultivation began in the 1960s, notably in Pokhara and Dhankuta, marking the 
start of organized research initiatives. By 1972, research endeavors had intensified, focusing 
on improving cultivation techniques and understanding the unique characteristics of mandarin 
orange varieties grown in Nepal. Today, dedicated offices and research programs, such as 
the National Citrus Research Program in Dhankuta under the National Agricultural Research 
Council (NARC), continue to promote the cultivation, research, and development of mandarin 
orange, further advancing the knowledge and expertise surrounding this prized fruit in Nepal.

Consumer perspectives 
Consumer perspectives on mandarin oranges in Nepal are characterized by several key factors that 
contribute to their high demand and popularity among the Nepali population. Firstly, consumers 
in Nepal demonstrate a willingness to pay premium prices for Nepalese mandarin orange fruits, 
depending on the production domain. This willingness stems from the perceived superior quality 
and unique flavor of Nepalese mandarin oranges compared to mandarin oranges from other 
regions. The preference for Nepalese mandarin oranges often translates into consumers being 
prepared to pay higher prices to enjoy the distinct taste and quality they offer.
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Additionally, the consumption of fruits, including mandarin oranges, is deeply ingrained in 
Nepali culture, with almost all Nepali people consuming fruit during the season. Mandarin 
oranges are not only enjoyed for their delicious taste but also serve various other purposes. They 
are commonly used as gifts, particularly during festive occasions and celebrations, due to their 
association with abundance and prosperity. Moreover, mandarin oranges are favored as travel 
fruits due to their convenient size, portability, and ease of consumption. Their compact nature 
makes them ideal snacks for on-the-go individuals, providing a quick and healthy source of 
refreshment during travel.

Furthermore, Nepalese mandarin oranges are appreciated for their enticing aroma, which adds 
to their appeal among consumers. The aromatic fragrance of mandarin oranges enhances the 
sensory experience of consuming the fruit, making it even more enjoyable for consumers. 
Additionally, mandarin oranges are easy to share, even if only one fruit is available. This 
sharing aspect aligns with the communal values inherent in Nepali culture, where sharing 
food is considered an act of generosity and goodwill. Whether enjoyed individually or shared 
among friends and family, mandarin oranges hold a special place in the hearts and palates of 
Nepali consumers, symbolizing not only deliciousness but also community and togetherness.

Market perspectives 
The market perspectives of mandarin oranges in Nepal are marked by a combination of factors 
that contribute to their high value and widespread availability throughout the country. Firstly, 
Nepalese mandarin oranges are esteemed for their superior quality and unique flavor, setting 
them apart from mandarin oranges produced in other regions. This distinctiveness translates 
into a higher perceived value among consumers, making Nepalese mandarin oranges a 
preferred choice in the market. During the mandarin orange season, which typically sees 
abundant harvests, all markets across Nepal are fully stocked with mandarin oranges (Figure 
3). This extensive market coverage ensures that consumers from various regions have access 
to fresh mandarin oranges, fulfilling the demand throughout the country. Moreover, mandarin 
oranges are often sold under specific geographical names, such as "Khoku ko suntala" or 
"Mankamana ko suntala," highlighting the association of the fruit with its production location. 
This geographical identification not only adds to the authenticity of the product but also 
enhances its perceived value among consumers.

Price differentiation is another significant aspect of the mandarin orange market in Nepal. 
Prices vary based on factors such as the production site, fruit size, shininess, and sweetness. 
Consumers are willing to pay premium prices for mandarin oranges that meet their preferred 
criteria, reflecting the high demand for quality produce in the market. Furthermore, the direct 
involvement of farmers in selling mandarin oranges adds to their appeal. Many farmers opt 
to sell their produce directly to consumers, bypassing intermediaries and establishing a direct 
connection between producers and buyers.

Visitors to Nepal also have the opportunity to engage with mandarin orange production 
firsthand by visiting mandarin gardens and picking fruits themselves. This experiential aspect 
not only enhances consumer satisfaction but also strengthens the bond between consumers and 
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the product. Additionally, while farmers play a significant role in mandarin sales, retailers and 
middlemen also contribute to the distribution process, ensuring a steady supply of mandarin 
oranges to various markets and retail outlets across the country. Lastly, the informal selling 
of mandarin oranges on footpaths during the peak season further extends their accessibility 
to consumers, making them a ubiquitous presence in local markets. Overall, the market 
perspectives of mandarin oranges in Nepal reflect their esteemed value, extensive availability, 
and diverse distribution channels, positioning them as a cherished commodity within the 
country's agricultural landscape.

Why GI to mandarin orange
Granting Geographical Indication (GI) status to mandarin oranges in Nepal is a significant 
proposition owing to various compelling reasons. Firstly, mandarin oranges hold a pivotal 
position as a major fruit in Nepalese culture and are widely favored among the populace. 
Their significance in local cuisine and consumption patterns underscores their importance 
as a cultural and dietary staple. Furthermore, the traditional cultivation methods employed 
for mandarin oranges have ensured their preservation and maintenance across diverse 
geographical locations within Nepal. This traditional cultivation has led to the proliferation of 
various mandarin orange varieties, each characterized by its unique flavor profile and distinct 
qualities.

Moreover, the quality of mandarin oranges is intrinsically linked to the geography of their 
cultivation as wells as methods of production practices. Site specific cultural traditional 
practices have been documented in other chapters. Factors such as soil composition, altitude, 
and climatic conditions significantly influence the taste, aroma, and overall quality of the fruit. 
Therefore, recognizing the geographical origin of mandarin oranges through GI status not 
only acknowledges the role of geography in shaping their characteristics but also promotes the 
conservation of mandarin orange diversity in Nepal. By highlighting the specific geographical 
regions where mandarin oranges are grown, GI status serves as a means of preserving and 
promoting traditional agricultural practices.
For consumers, GI certification offers assurance regarding the quality and authenticity of 
the mandarin oranges they purchase. The certification acts as a guarantee of adherence to 

Figure 3. Mandarin orange village (Suntale Gaun) and plant
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specific production standards and ensures that the mandarin oranges meet the expected criteria 
associated with their geographical origin. This assurance fosters trust among consumers and 
may lead to a heightened willingness to pay premium prices for certified mandarin oranges, 
thereby creating a more lucrative market for farmers.

Furthermore, GI status holds significant economic benefits for mandarin orange farmers in 
Nepal. By differentiating their produce with GI certification, farmers can leverage the unique 
qualities and heritage associated with Nepalese mandarin oranges to command higher prices 
in the market. This, in turn, translates into increased income and financial stability for farming 
communities. Thus, GI status for Nepalese mandarin oranges not only safeguards their cultural 
heritage and geographical diversity but also fosters economic prosperity for local farmers, 
making it a valuable initiative for the sustainable development of Nepal's agricultural sector.

Policy provision on GI and other IPR
Policy provisions regarding Geographical Indications (GI) and other Intellectual Property 
Rights (IPR) are crucial for ensuring that the qualities, characteristics, or reputation of a 
product are inherently linked to its place of origin. This linkage underscores the importance 
of geographical place of production in defining the unique attributes of a product. Several 
international treaties, administered by organizations such as the World Intellectual Property 
Organization (WIPO) and the World Trade Organization (WTO), address the protection of 
geographical indications and appellations of origin.

WIPO administers various treaties relevant to the protection of geographical 
indications
•	 The Paris Convention, established in 1883, covers a broad spectrum of industrial property, 

including patents, trademarks, industrial designs, and geographical indications. This pioneering 
agreement aimed to facilitate the protection of intellectual works across different countries.

•	 The Madrid Agreement for the Repression of False or Deceptive Indications of Source 
on Goods addresses the seizure or prohibition of importation of goods bearing false or 
deceptive indications of source.

•	 The Lisbon Agreement, along with its 2015 revision known as the Geneva Act, offers 
international protection for appellations of origin and geographical indications through a 
unified procedure with WIPO. These designations require a qualitative link between the 
product and its place of origin.

•	 The Madrid Agreement, complemented by the Protocol relating to it, enables the protection 
of a trademark in numerous countries through international registration.

The TRIPS Agreement, part of the WTO framework, defines geographical indications as 
indications identifying a good's origin in a Member's territory, region, or locality, where the 
quality, reputation, or other characteristic of the good is primarily linked to its geographical 
origin. This definition emphasizes that various aspects of a product, such as quality or 
reputation, can qualify it for geographical indication protection if they are essentially linked 
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to its geographical origin. These treaties collectively underscore the significance of protecting 
geographical indications and appellations of origin to preserve the authenticity and uniqueness 
of products while promoting fair trade practices and supporting local economies.
The geographical policy in Nepal, as influenced by international agreements such as those 
of the World Intellectual Property Organization (WIPO) and the World Trade Organization's 
Trade-Related Aspects of Intellectual Property Rights (TRIPS) Agreement, plays a significant 
role in protecting and promoting geographical indications (GIs).

Since joining WIPO in 1997 and the WTO in 2004, Nepal has been actively engaged in 
formulating policies to safeguard geographical indications. The TRIPS Agreement provides 
a framework for the legal protection of prominent names of products associated with specific 
geographical areas. In Nepal, the National Intellectual Property Policy 2073, approved in 2017 
(MoICS, 2017), includes provisions for the identification and promotion of GIs as part of its 
intellectual property strategy.

Key elements of Nepal's GI policy, outlined in the National Intellectual 
Property Policy, include
•	 Identification and promotion of GIs as a national development tool.
•	 Formulation of GI rules focusing on specific geographical areas.
•	 Provision of GI as a nontransferable right, ensuring protection for products originating 

from specific regions.
•	 Support for market access and value addition for producers of agricultural and forest 

products through the use of GIs.
Furthermore, the policy addresses issues related to trademark registration and GI protection, 
stipulating that products registered under trademarks will not be protected under GIs, and 
vice versa. Similarly, products registered under certification marks will also not receive GI 
protection. Additionally, the policy encourages staff involved in innovation to access benefits 
under intellectual property protection schemes. To support local resource-based products, the 
government of Nepal bears the registration fees for GIs, aiming to promote the recognition and 
value of these products both domestically and internationally.

Conclusion 
Granting Geographical Indication (GI) status to mandarin oranges in Nepal emerges as a 
pivotal strategy with multifaceted benefits. The rich cultural significance and widespread 
popularity of mandarin oranges underscore their importance as a cherished fruit among 
Nepalese people. Traditional cultivation methods have preserved diverse mandarin orange 
varieties across different geographical regions, each imbued with distinct flavors shaped by 
unique environmental factors. By recognizing the geographical origin of mandarin oranges 
through GI status, Nepal can not only promote the conservation of its agricultural heritage 
but also provide consumers with assurance regarding the quality and authenticity of the 
fruit. Furthermore, GI certification offers tangible economic advantages for local farmers, 
enabling them to command premium prices for their produce and fostering financial stability 
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within farming communities. This, coupled with the potential for enhanced market access 
and consumer trust, positions GI-certified mandarin oranges as a valuable asset for Nepal's 
agricultural sector. Overall, the pursuit of GI status for Nepalese mandarin oranges represents 
a promising avenue for sustaining cultural traditions, preserving biodiversity, and fostering 
economic prosperity in the nation's rural areas. Some immediate actions to be taken under 
technical aspects are i. Characterization site specific mandarin orange landraces, ii. Linkage 
study of fruit quality with geographical features and farmer’s practices, iii. Documentation 
of traditional knowledge and reputation status, iv. Area coverage of specific landrace and 
monitoring tools, etc. 

In addition, Nepal holds an abundance of evidence supporting the distinctiveness and quality 
of its mandarin orange varieties, further validating the need for Geographical Indication (GI) 
status. Through extensive research and empirical data collection, Nepalese mandarin oranges 
have been proven to possess unique flavor profiles, influenced by the country's diverse 
geographical features such as microclimates, soil types, and altitudes. This wealth of evidence 
not only reinforces the authenticity of Nepalese mandarin oranges but also strengthens the 
case for their recognition on the global stage through GI certification. With such compelling 
evidence at hand, the provision of GI status to Nepalese mandarin oranges not only safeguards 
their heritage but also elevates their status as premium agricultural products with distinct 
geographical origins.

Some actionable recommendations for policymakers in Nepal to effectively implement a 
Geographical Indications (GI) scheme for mandarin orange are:

1. Enact GI Legislation: Pass comprehensive legislation specific to GI that aligns with 
international standards such as the TRIPS Agreement. Ensure that the law clearly defines 
the criteria for GI registration and protection.

2. Establish a GI Registry: Create a dedicated body or registry for managing GI applications, 
examinations, and registrations. This body should have the authority to enforce GI 
protections and handle disputes.

3. Simplify Procedures: Streamline the application process for GI registration to make it 
accessible to small and medium-sized farming groups. Provide clear guidelines and reduce 
bureaucratic hurdles.

4. Capacity Building: Train government officials, local authorities, and farming communities 
on the GI process, including application, registration, and enforcement.

5. Resource Allocation: Allocate sufficient resources, including financial and technical 
support, to facilitate the GI registration process and subsequent enforcement.

6. Awareness Campaigns: Conduct nationwide awareness campaigns to educate farmers, 
producers, and the general public about the benefits of GIs. Use various media channels to 
reach a broad audience.

7. Workshops and Training: Organize workshops and training sessions for mandarin orange 
growers, focusing on the GI application process, the importance of maintaining quality 
standards, and the economic benefits of GI registration.
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8. Strengthen Farming Groups: Encourage the formation and strengthening of farming 
cooperatives and associations to collectively apply for GI registration and manage the GI-
protected status.

9. Stakeholder Collaboration: Foster collaboration between government bodies, NGOs, 
academic institutions, and international organizations to support GI initiatives and share 
best practices.

10. Geo-Location Specific GI: Identify and demarcate specific geographical regions within 
Nepal known for their unique mandarin orange varieties. Ensure that the GI application 
specifies these regions to maintain authenticity and quality.

11. Quality Control: Implement strict quality control measures to ensure that only mandarin 
oranges meeting the specified standards are marketed under the GI label. Establish local 
quality control bodies to monitor compliance.

12. Branding and Marketing: Develop strong branding strategies for GI-protected mandarin 
oranges, highlighting their unique geographical origin and quality. Promote these products 
in domestic and international markets.

13. Export Facilitation: Work with trade bodies to facilitate the export of GI-protected 
mandarin oranges, ensuring they meet international market requirements and standards.

14. Enforcement Mechanisms: Develop robust mechanisms to monitor the use of GI labels 
and take action against unauthorized use or infringement. Establish a legal framework to 
handle disputes and protect GI rights.

15. Continuous Monitoring: Regularly review and update GI policies and practices to adapt 
to changing market conditions and ensure ongoing compliance with international standards.
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Background

Mandarin orange and citron are considered indigenous crops of Nepal. Farmers of Darchula 
and Shakhuwasava district claim that their forefathers had collected mandarin orange trees 
from wild form. These historical facts clearly indicate that citron, mandarin orange and hill 
lemon (Nibuwa) are native fruits of Nepal and being cultivated from long time ago. Mandarin 
oranges are also referred to as ‘Tangerines’ in some countries. In Nepal, ‘Suntala’ is the 
Nepali name of mandarin orange.

Mandarin orange (Citrus reticulate Blanco) is most common and important citrus fruits crop 
grown in Nepal. Among the fruits species it contribute 16.7% of the total fruit area and stands 
second position of the country. It occupies nearly 63% of the total citrus area of Nepal. The 
local cultivar of mandarin orange "Suntala" is grown throughout the country in the mid hill 
range of Nepal, where the favorable climate for its cultivation. It has cultivated in Nepal 
during long time ago and has same harvesting time. 

General characteristics of mandarin orange
Normally mandarin orange (Citrus reticulata Blanco) tree is a moderate size (about 7.6 m 
height). The tree trunk and major beaches have thorn or spiny, upright growth with a dense 
canopy of slender branches. The leaves are shiny, green, lanceolate shape, petioles are short 
almost wingless or slightly winged. The flower borne singly or small group in the leaf-axils 
and have perfect white flower, usually self fertile or parthenocarpic. 

A ripe mandarin orange fruits is deep orange to reddish orange in color, slightly soft peel with 
small oil gland. The peel is thin loose with white mesocarp and easily pebbly-skin, smooth 
surface, medium fruit size, (4–6 cm height and 5–8 cm in diameter) deeply depressed apex, 
globose to oblate, sweet taste, hollow core. Pulps are containing 9-13 separable segments and 
10-26 small beaked seeds. Seed is highly polyembryonic, white color, smooth surface with 
green cotyledon. It can be grown in tropical and sub tropical areas. Mostly, mandarin oranges 
lose quality and the rind ‘puffs’ if not picked when internally ripe.

Variety Characterization of Mandarin Orange
(Citrus reticulata Blanco)

Ram Lal Shrestha1*

1Nepal Horticulture Society, Khumaltar, Lalitpur
*Corresponding Author: shrestharam534@gmail.com
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Uses
Normally, mandarin orange fruits are used for fresh consumptions. The fruits can be used for 
the preparation of a number of processed products like orange marmalade, bottled and canned 
juices, squash, jam, jelly etc and its oil is also important for flavoring purposes. In nutritional 
view 100 gm of mandarin orange contains 85% water, 13% carbohydrates, and negligible 
amounts of fat and protein also vitamin C is in significant content (32% of the Daily Value).

Genetic and origin
Citrus plants hybridize easily between species with completely different morphologies. 
According to genetic studies; the mandarin orange was one of the original citrus species; 
and the ancestor of many hybrid citrus cultivars. Taxonomist has different views of its 
classification; Under the Swingle system, all these are considered to be varieties of a 
single species, Citrus reticulata Blanco. The Tanaka classification system divided domestic 
mandarin oranges and similar fruit into numerous species, giving distinct names to cultivars 
such as willow leaf mandarin oranges (C. deliciosa), Satsumas (C. unshiu), Tangerines (C. 
tangerina). Hodgson represented them as several subgroups: common mandarin orange (C. 
reticulata), Satsuma (C. unshiu), King (C. nobilis), Mediterranean (willowleaf), small-fruited 
(C. indica, C. tachibana and C. reshni), and mandarin orange hybrids. In the genomic-based 
species taxonomy of Ollitrault et al., says only pure mandarin oranges would fall under main 
land Asian species i e C. reticulata.

Mandarin oranges are native to the tropical and sub-tropical regions of Asia such as southern Asia 
and the Philippines. There are many different hybrids or varieties of mandarin oranges. Their 
fruits vary in size and color, with some being seedless. 

Classification of mandarin orange
A.  On the basis of maturity period mandarin orange can be classify in major three 

groups, but flowering and harvesting period slightly varies according to the 
altitude range. 

1.  Early season: Miyagave wase, Okichu wase, Fruiter early matured in September
2.  Mid-season: Khoku/ Banskharka, matured in October - November
3.  Late season: Murcott, Kinnow, matured in December

B.  Most horticulturalists are assumed to divide mandarin orange into four groups: 

1.  Satsuma (Citrus unshiu Marc.): Satsuma mandarin oranges are primarily 
developed in Japan. It has cultivated in Japan, Spain, Central China, South Africa, 
Turkey, Korea, USA and several other countries.  

2.  Mediterranean mandarin oranges: Called “Willow leaf” mandarin orange because 
of its small narrow leaves. The fruits are medium-sized and oblate (rounded with 
flattened ends). The thin skin is orange when ripe, and separates easily from the 
segments. The flesh is orangey-red, juicy, and fragrant, with many seeds. 
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3.  King mandarin oranges: Small group of mandarin oranges of Indo China, important 
primarily as parents of commercial varieties such as Kinnow. It is bigger than a 
classic mandarin orange. It's usually round to slightly flatten at the poles.  

 4.  Common mandarin oranges: A diverse group that includes numerous hybrids and 
many of what some would call tangerines; the Clementines and Dancy. 

Satsuma and common mandarin oranges are the two commercially important groups. While 
few varieties fit easily into these four categories, one of the properties of mandarin oranges is 
that they mutate spontaneously.

Variety characterization methods
Evaluation and Development of variety of the fruits crops is not a easy work to the breeders. 
Mandarin orange is perennial fruit crops and it takes long time for evaluation is characters 
and development of new variety. Most of the countries like china and India practices for 
variety evaluation of mandarin orange fruits, on the basis of genetic, morphological and 
physicochemical traits.  

Characterization of mandarin orange variety from Southern Brazil is by the study of 
morphological or agronomic traits of leaves, flowers and fruits and using molecular markers. 
Several authors described phenotypic characters like, flowers, fruits, leaves and maturity 
period to distinct the mandarin orange variety, and its hybrids, which is easy and with 
potential to be used in breeding programs or to be released as new varieties. The phenotypic 
characteristics may influenced by the growing environments and may not suitable for breeding 
work. Therefore, use of molecular markers has been a valuable and precise instrument to assist 
the genetic breeding of citrus species. The techniques like RFLP (Restriction Fragment Length 
Polymorphism) and RAPD (Random Amplified Polymorphic DNA) were used in germplasm 
characterization, studies of genetic diversity and phylogenetic analyses.

In Nepal, Generally, IPGRI descriptor are used for evaluation of mandarin orange variety like, 
Farmers Name, Altitude, Latitude, Longitude, District, Palikas, Ward, Local Name, Tree height, 
Diameter, Canopy, Leaf area, Leaf colour, Flowering Time, Flower colour, Maturity time, Fruit 
weight, Fruit Shape, Size, Peel colour and weight, Seed number and shape, cotyledon colour, 
Segments, Pulp and Juice %, TSS and TA etc.

Major characteristics of mandarin orange variety
There are so many varieties of mandarin orange, commercially grown in the world but only one 
variety i.e Khoku mandarin orange was grown in Nepal for commercial scale. Now a day this 
variety has suffering so many problems and it has needs to developed new variety of mandarin 
orange for commercialization. Facing this problem, seventeen mandarin orange genotypes of 
exotic and local origin have been planted in National Citrus Research Program Dhankuta 
and evaluation has been underway since 2005/06. Characterization of major mandarin orange 
groups which are commercial scope in Nepal and other countries are mention in this chapter. 
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Khoku mandarin orange (Citrus reticulata Blanco)
It is indigenous and registered variety of Nepal cultivated from long time ago. The tree of Khoku 
mandarin orange is vigorous, with a tendency to alternate bearing. A matured seedling tree 
would be 6-10 m tall, erect growth habit of young tree, spiny young branches, wings or wing 
less petiole, acuminate leaf apex. Generally flowering in March at 1300 m asl, flowers are white 
with 5 petals, and 16 stamens. Harvesting starts from last week of November up to December. It 
is not advisable that the fruit remain long on the tree, since it rapidly losses quality. 

Fruits are 4–8 cm diameter, 3-6 cm height, peel color is orange to orange-red, thin and loose 
skin, scented peel, and endocarp is separated into 8-10 segments, sweet taste, and can be eaten 
as fresh or to make juice. Fruit weight ranged from 90-120 gm, proportion of pulp ranged 
from 65-70%, based on the fruit weight juice ranged 37-46%, color of seed is white and 
mostly poly-embryonic nature, seeds normally content 8-14 per fruit, TSS ranged 11-130 brix, 
TA 0.8-1.2%. Proportion of the TSS and TA ratio slightly varies according to altitude range. 
Generally, yield is 8-12 t/ha from matured orchard. 

Satsuma (Citrus unshiu)
 It was originated in Japan, various cultivars have been developed based on the Citrus unshiu, 
but in Japan, mainly three cultivars i. e Miyagawa wase, Okitsu wase, and Kunu wase, account 
for nearly half of the production volume of Citrus unshiu.

The tree is small to medium spreading and evergreen shrub, with very less thorns. It can 
tolerate cold and hardy nature. It is used both ornamental and commercial cultivation. Plant 
height of Satsuma mandarin orange is about 4 to 6 meters, with some specimens reaching up to 
7.5 meters under optimal conditions. The root system is fibrous and relatively shallow, spreade 
widely to anchor the plant and absorb nutrients. 

The leaves of Citrus unshiu are simple, alternate, and lanceolate with large laminae (length 
8-11.1cm and width 4.5-5.5cm) and reduced petioles and glossy, dark green appearance, 
winged petiole.. Botanically, the leaves are having an entire margin and an acute apex, with a 
leathery texture and an aromatic scent when crushed.

Fruit size is moderately large (height 63.6 mm and diameter 70.4 mm), oblate to ovate, rind 
is often smooth to slightly rough surface, loose and leathery, easily peelable, with moderately 
hollow central axis, peel deep orange color, sterile ovule and seedless, usually have 10 to 12 
easily separable segments. Fruits can be harvested at September; sweet taste, TSS of matured 
fruit juice is 120 brix, and TA 0.8%.

Kinnow (King x Willow leaf)
The Kinnow is a high yield mandarin orange hybrid variety "King' (Citrus nobilis) and 'Willow 
Leaf' (Citrus  deliciosa)", cultivate extensively in India, first developed by Howard B. Frostat 
the University of California Citrus Experiment Station. After evaluation, the Kinnow was 
released as a new citrus hybrid for commercial cultivation in 1935. 
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In a hot climate, plants can grow up to 11 m height. Kinnow trees are highly productive; large 
vigorous, erect tree with dense canopy, sparingly thorny. Leaves are lanceolate, with round to 
obtuse base and acuminate apex, petiole short to medium, wingless.

Fruit color are deep yellow orange, surface smooth, glossy, oblate, base often flattened, 
slightly depress, apex much flattened, thin rind, peel leathery, axis solid to sami-hollo, very 
juicy, flavor rich aromatic and distinctive, TSS 10 -12%, acidity 0.7-0.8%. The fruit weight 
ranged from 101-287 grams, juice volume 46.5%, fruit diameter 5.2-8.5 cm, height 4.2-7.0 
cm, number of segments per fruit 8-12, fruit peel weight 24-71 gm. Seeds are creamy white 
color with yellow cotyledon. The best harvesting time is mid-January to mid-February, when 
the fruit attains a TSS/acid ratio of 12:1 to 14:1. The fruit quality declines in later pickings.

In B.S. 2039, Kinnow mandarin orange plants were presented to Nepal by the then Pakistani 
President Mr. Zia UlHaq to late King Birendra. These plants were planted at Horticulture 
Farm, Panchkhal, Palpa, Agri. Centre Dhankuta, Terahara, Jankapur, Nawalpur (Sarlahi), 
Trisuli, Nepalganj, Surkhet and Doti. However, the conclusive results and performance of this 
variety was not published

Nagpur Santra (Citrus reticulata Blanco)
It is the most important commercial cultivar of India (Nagpur). Trees are large, vigorous, 
upright growth habit, moderately spreading, spineless, with compact foliage. It is productive 
but with strong alternate-bearing tendency. Generally, blossom during the monsoon season but 
crop can be grown twice a year. The fruit available from September to December is Ambiya 
Bahaar which has a slightly sour taste. It is followed by the sweeter Mrig Bahaar crop in 
January. 

Fruits are fine textured, having a loose rind with abundant juice. Fruits mature in January–
February. Fruits are large, globose to moderately oblate, base commonly with strong furrowed 
but relatively short neck; apex usually deeply depressed. Rind is medium-thick, fairly loosely 
adherent; surface relatively smooth but peelable, orange-colored at maturity.  About 10-11 
easily separable segments with 6-12 seeds, axis large and hollow.  Fruits are sweet and juicy 
pulp with yellow color juice; flavor mild and pleasant, and aromatic.  Seeds are polyembryonic; 
cotyledons light green.  Loses quality and rind puffs if not picked when ripe. 

Murcott
Murcott is a commercially grown hybrid variety (Mandarin orange x Sweet orange) popular 
in USA. Tree medium in vigor and size, upright-growing with long, willowy branches with 
thorny; leaves medium-broad, bright green color, lanceolate, and sharp-pointed.  

Fruit are mainly borne terminally, medium in size (average wt. 140g) with 75% pulp, high juice 
content (around 49%), oblate to sub-globose; shallowly ribbed to conform with segments; 
both base and apex flattened or slightly depressed.  Surface is smooth, rind tightly adherence, 
thin skin (3.5mm), difficult to peel. Pulp is juicy; sweet taste, flesh color yellowish-orange 
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at maturity, flavor very rich and sprightly. Segments is 11 to 12, moderately adherent; axis 
medium-large and semi-hollow, TSS 11.5-12.50 brix, TA 1.4%, about 12-20 seeds with white 
cotyledons. Medium to late in maturity.  It is nutritious fruit rich in vitamin C, fiber, and 
antioxidants. Therefore, it is consumed fresh, as well as in juice, jam, and dessert recipes. It is 
more productive but with tendency to alternate bearing and most sensitive with cold.

Clementine (Citrus clementina)
It is also called Tangor, hybrid between a willow leaf mandarin orange (C. deliciosa) and 
sweet orange (C.  sinensis), named byHonor of Clément Rodier, a French missionary who first 
discovered and propagated the cultivar in  Algeria, also known as an Algerian Tangerine. The 
varieties cultivated in the Mediterranean region, these look like large tangerines. Trees are 
densely foliated, moderately large, semi erect, spheroid tree shape, medium branching density, 
lamina length 105.6 mm and width 4.4 mm, nearly thorn less with vigor. Leaves are bright 
glossy and narrow.

The exterior shape of the fruits is a deep orange color with a smooth, glossy appearance 
and rich citrus aroma, small to medium-sized, seedless, fruits weight 85 gm, height 48.8 and 
diameter is 55.27, segments 7 to 12,TSS 10 0 brix, easy to peel,  typically juicy and sweet, with 
less acid than oranges, normally eaten fresh or used in salads, desserts, juices, and jams. The 
exact timing of ripening can vary, but it often occurs between November and January. The fruit 
turns a deep orange color when it's ripe and puff up when overripe.  

Darjeeling/ Sikkim mandarin orange 
Tree is large to medium with dense foliage and occasional thorn.  Leaves are lanceolate with 
pointed apex wingless petiole, flowering response starting in the mid of February.  Flowering 
period lasts from late February to early April.  Orchards in the lower altitude starts flowering 
earlier followed by orchards in the higher altitudes. Flowers are white in color with strong 
scent attracting a range of insects for pollination

Fruits are depressed, oval, uniformly bright orange, smooth surface, glossy base, occasionally 
short necked slightly ribbed; soft thin to thick rind not adhering to the pulp. Pulp vesicles are 
uniformly orange, smooth with 9-11 segments, slightly white seeds. Normally fruit weight 70-
101 gm, juice volume 30-56 ml, peel weight 14-17 gm, diameter 4.2-4.6 cm, height 8.4-8.7 
cm, number of seed per fruit 10-16, seed weight 1.2-2.3 gm, TSS 10.4-11.60 brix, TA 0.6%, 
Cotyledons light green color.

King mandarin orange (Citrus nobilis)
The King mandarin orange is an Asian variety, originating in Vietnam, but it is a commercial 
variety of USA. The trees are vigorous; sami erect growth medium branching, normally 5-6 
M tall, thorny branches, medium branching density, leaves medium in size (7.7x4.3 cm), 
lanceolate, dark green color, petioles narrowly winged and small.

The fruits are impressively large, sweet, and easy-to-peel. Also known as the "Green Orange," 
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while its skin maintains a bright green color at ripening. Fruits are starts to harvest from January 
to May according to climatic condition; fruits are bigger than normal mandarin orange, usually 
round and slightly flattened at the pole, juicy, pulp is light orange in color, sweet and excellent 
quality. Average fruit weight is 241 gm, diameter 99.92 mm and height 81.84 mm, number of 
seed 5-10, and seed is color creamy white.

Willow leaf mandarin orange (Citrus deliciosaTen.)
This variety was grown in the Mediterranean region since the very early 1800s. Tree is slow 
growing habit, medium size, broad-spreading, and branches fine, willowy, and nearly thorn less. 
Leaves are small, narrowly lanceolate with thin petioles, and of distinctive appearance.  The tree 
is hardy and resistant to unfavorable conditions, but exhibits strong tendency to alternate bearing. 

The fruit is medium-sized, oblate, with a smooth, loose skin, thin rind, apex depressed and 
commonly wrinkled; fruit color is yellowish-orange at maturity, segments 10-12, loosely 
adherent; axis hollow. The flesh is light orange, juicy and sweet. Seeds are, small, round and 
highly polyembryonic, with light green cotyledons, moderately early in maturity.  

Ponkan (C. poonensis) 
Trees are heavy bearing every other year, and sometimes the limbs break due to the heavy 
yields. Growers resort to propping the limbs up with sticks at times, though if the limb bends 
gradually down and grows in that position. Ponkan (Citrus poonensis) is "Chinese Honey 
Orange" high-yield with large fruits size. It is a hybrid of mandarin orange and pomelo.
[24] The fruit is very sweet, round in shape and about 7–8 cm wide in size. 

Coorg mandarin orange 
Tree vigorous, upright, fruit base depress, glandular ribs, thin soft rind with slight adherence, 
easily peeled, pulp vesicle uniformly colored. Fruits are medium to large, bright orange color 
rind with a loose skin, pulp reddish yellow, sufficiently juicy, acidic but moderately flavored. 
Each fruit normally contains 14-30 seeds, cotyledons light green, fruit weight 107 gm, pulp 
weight 69.78% rind weight 26.69%, number of seed per fruit 18, segment 11-12, TSS 7.8-9.60 

brix, TA 0.35%.

Khasi mandarin orange 
Medium to erect tall tree height normally 6.4-7.5 m with dense foliage, highest canopy spread 
to be 4.67m and 5.10m in the N-S and E-W directions respectively, thorn may be present or 
absent. Leaf length ranges of 7- 8 cm and leaf width range of 3-4cm. The canopy volume is 
the range of 38.67m3 to 49.67m3.

Fruit depressed globose, to oblate, orange yellow to bright orange, surface smooth glossy, 
base even or obtuse, occasionally short naked, slightly ribbed, soft rind, thin with or without 
adherence pulp vesicle, segments 9-11, with 10-15 seeds. Fruit weight normally is 110 - 140gm 
and the fruit diameter in the range of 68mm, height 63mm and peel thickness2.81mm. 
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Feutrell’s early
It is an old variety of New South Wales. Its parents are unknown. The fruit characteristics indicate 
that it may be a natural Tangore and those of the three suggest the possibility that medaterian 
or Willow leaf might have been the mandarin orange parent. Juice 52-67%, TSS 8.5-11.80 brix, 
surface texture smooth, yellow color skin, average fruit weight 133gm, TSS/TA ratio is 20.3. 

Differences between Khoku Local and Sikkime Local mandarin orange variety
Mandarin orange (Citrus reticulata Blanco.) is considered as highly a heterogeneous species 
among other citrus species. Sikkim mandarin orange represents the most important commercial 
fruit of Sikkim. Sikkim mandarin orange is phenotypically similar to the Nepal or Assam or 
Darjeeling mandarin orange. The major producing areas of Sikkim are the Tista and Rangeet 
river valleys within the elevation range of 600 to 1500 m above mean sea level. In Sikkim 
mandarin orange is cultivated from time immemorial. It is a native fruit of Sikkim and is 
very popular in Kolkata market. A study on the diversity of Himalayan citrus both through 
morphological and Random Amplified Polymorphic DNA (RAPD) analysis revealed the 
existence of huge diversity of mandarin orange groups. Therefore, it is necessary to study the 
phenotypic as well as genetic level of Sikkim and Nepali mandarin orange variety by using 
molecular markers.

Research work done in Nepal 
On the basis of annual report and published paper the following research activities done and 
express the finding of mandarin orange variety evaluation before F.Y., 2005/06. 

Diversity study and variety improvement
•	 On the basis of maturity period Unshiu group of mandarin orange (Okitchu wase) was 

found earlier i.e matured in October. The TSS/TA ratio is 6 in first week of September 
and seedless, recommended the areas between 900-1000 meter altitudes for quality fruit 
production.

•	 Common group of mandarin orange (Khoku) matured in mid season i.e in December. 
The TSS/TA ratio is 10.4 

•	 Hybrid group mandarin orange, (Murcott) matured in late i.e. in January. The TSS/TA ratio 
is 10.8 . 

•	 In BS 2039, Kinnow mandarin orange plants were presented to late King Birendra by 
the then Pakistani President Mr. Zia Ul Haq. These plants were planted at Horticulture 
Farm, Panchkhal, Palpa, Agri. Centre Dhankuta, Terahara, Jankapur, Nawalpur (Sarlahi), 
Trisuli, Nepalganj, Surkhet and Doti. Initial performance report of these Kinnow plants 
is available in Seventh Five Year Plan Report of National Citrus Development Program. 
It was found heat tolerant variety and can be grown in terai (250 m asl). 
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•	 In 2005, NCRP, Dhankuta introduced a total 31 new scion varieties including mandarin 
orange (16), sweet orange (6), grapefruit (4) and tangor (3) and tangelo (3) from INRA-
CIRAD, France. These varieties are being evaluated at NCRP, Dahnkuta and at farmers’ 
field. 

•	 Seedling plants of local mandarin orange germplasms from 10 districts were collected 
in 2034 and established in evaluation plot at Dhankuta Agriculture Station in B.S. 2035. 
These plants were evulated in phenotypic characters only and results are significants. 

•	 In another study, a total of 26 mandarin orange seedling trees are collected from Khoku 
and maintained at NCRP, Dhankuta, were evaluated for yield and fruit quality. The 
results are observed slightly alternate bearing habits of Khoku mandarin orange. 

Propagation
•	 Among the evaluated rootstocks Troyer citrange, Carrizo citrange and Citrus macrophylla 

were recommended based on their tolerance ability to Phytopthora root rot but never 
used in Nepal for commercial sapling production. 

•	 Appropriate date of shoot tip grafting of mandarin orange on trifoliate orange rootstocks 
and recommended that last week of December to February is appropriate period with 
over 90% success in shoot tip grafting. 

•	 Appropriate time of T-budding in mandarin orange and sweet orange is 3rd week of 
May under Dhakuta condition. 

Insect management
•	 Recommended that spray of mineral oil (Servo Agro-spray or Agricultural Tree Spray 

Oil, ATSO) @ 20 ml + 2 ml Rogor/l of water during Falgun and Asar is more effective 
to control most scale insects of citrus fruit crops.

•	 In case of leaf minor, use of Metasystock @ 0.05% active ingredient followed by Rogor 
E 25 @ 0.05% active ingredient.

•	 To control the Green sting Bug insect, spraying of contact + systemic insecticide (Rogor 
@ 1 ml + Doom 1 ml/l of water) at the nymph stage (wing less stage) in the month of 
Jestha to Bhadra at 15 days interval. 

Conclusion and suggestion
•	 It is urgent needs of diversity study of mandarin orange and determined the accurate 

genetic characteristics of Nepali Suntala at molecular level, which are commercially 
grown in the mid hills area from east to west.

•	 Variety development in fruits crops is not an easy work as other vegetable and cereals 
crops. It takes log time for study its performance. In 2005, NCRP, Dhankuta introduced 
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a total 31 new scion varieties including mandarin orange (16), Sweet orange (6), 
Grapefruit (4) and Tangor (3) and Tangelo (3) from INRA-CIRAD, France. These 
varieties are being evaluated at NCRP, Dahnkuta. In addition to scion varieties, seven 
rootstock varieties were also introduced from France. These varieties only limited in 
station. It should be evaluate in the farmer's field together with research station. 

•	 Kinnow is one of the heat tolerant variety, plants were already introduced in the farm and 
stations, but it evaluation and study data is not published yet. In the other hand, Nepal 
is importing significant quantity of Kinnow annually from India every year. Similarly, 
Nagpur Santra is also importing from India. So it is urgent needs to study these varieties 
in Nepalese environments. 

•	 Research work on variety selection and development in mandarin orange fruits are not in 
satisfactory level. We can developed own variety by selection from indigenous orchard. 
There may be superior genotypes in the indigenous orchard and mutilations bud in the 
orchard. 

•	 Scientist work was not stable in the subject matter in the research station. There is a 
scenario of changes the working staff every time for self advantage not for institutional 
need. 

•	 Variety development, multiplication, disease scanning and screening of indigenous 
variety from the in-vetro method is not satisfactory up to date. Study and strengthen the 
mocro-propagation techniques by trained manpower.

•	 Development of new citrus cultivars by traditional methods such as selection, mutation 
and hybridization. The hybridization approach has been common in mandarin orange 
breeding programs. We can develop early, late maturing and disease pest resistance 
cultivars by traditional and hybridization methods.

•	 It is urgent need to make short term and long term stepwise planning for research and 
development of new mandarin orange variety in future.  
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Introduction
Nepal has a vivid geo–physical situation that extends lands from the warm and hot region 
of the Terai belt in the south to the colder belt of temperate and Himalayas in the north. 
The country provides opportunities for growing a wide range of agricultural crop species that 
require specific, yet different agro-ecological conditions. Among these crops, horticultural 
crops including fruit species are prominent in the tropical, sub–tropical and temperate belts.

Among the fruits, the citrus species are most important ones that cover nearly 50% of the 
total fruit growing area in Nepal. Many citrus genera are found in this country and these are 
grown for commercial and/or non-commercial purposes. Among these citrus crops, mandarin 
orange (loose-skinned orange, Citrus reticulata Blanco), sweet orange (tight skinned orange, 
C. sinensis Osbeck), acid lime (C. aurantifolia Swingle) and lemon (C. limon Burns) are 
prominent ones having many introduced cultivars and wild, indigenous germplasms. 

Understanding "Kinnow", a mandarin orange hybrid  
Recently, among citrus fruits that are available in markets during late season, kinnow is the 
one among the popular variety. Consumers many buy this attractive, sweet and juicy fruit in 
markets through November to March. 

Kinnow mandarin oranges possess lots of health benefits with therapeutic applications as well. 
They are good to boost immunity, good for skin and help prevent wrinkles, good for eyes 
and protect vision, prevent heart disease, help in brain development, keep free from stomach 
ulcers, improve digestion and even may support to prevent from cancer. Kinnow is good 
for obesity by losing weight due to enhanced metabolic rate of body. Kinnow is renowned 
mandarin orange hybrid variety favored for its pleasing flavor, appearance, color, taste, high 
yield, high processing value and a wider adaptability (Ahmed, et al. 2006 & 2007). 

Kinnow is also known as kinu, kino or kinoo. The tree is medium tall with a height of 6 m to 10 
m and has high yielding capacity, 1000 fruits or more per tree (Kumar, 2020), if well nurtured 
and given adequate care and management practices. The fruits may vary 4 to 7 number per 
kilogram. Kinnow fruits are a medium-sized about 7 to 9 cm diameter, have a round to oblate 



108
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

shape, showcasing a slightly flattened top and bottom. Usually, each fruit possesses 9-12 
segments. It is more juicy, sweet, and high yielder than sweet oranges. The skin color is darker 
orange, thicker, loose and softer than that of sweet oranges.  

Genesis of Kinnow
"Kinnow" mandarin orange is a hybrid of two citrus cultivars "King" tangor (C. nobilis Loir) 
× "Willow leaf" mandarin orange (C. deliciosa Tenora). Howard B. Frost developed this 
variety at the Citrus Experimental Station at the University of California, Riverside, USA in 
1915. It was released as a new citrus variety for commercial cultivation in 1935 (Hui, et.al. 
2006). Each kinnow fruit has 20 to 30 seeds normally, but being a highly cross-pollinated 
variety, over 35 seeds are not uncommon. Due to its seedy nature, the citrus juice and canning 
industries rejected the variety and even the fresh fruit consumers did not like it in USA. As 
a result, kinnow-based citrus industries failed in the country and kinnow mandarin orange 
became unpopular as well. 

Soon after its introduction in the Punjab region of India and Pakistan, probably during early 
1920's, this cultivar became a popular one among the consumers and producers within a decade 
and the region has occupied maximum acreage and production as well thereby increasing its 
production area and marketing in various states in India. India became kinnow exporter to 
many countries in the world (Kaur and Singla, 2016), including Nepal. 

Origin of low-seeded Kinnow 
Because of the inherent seedy (20-35 seeds in each fruit) character of "Kinnow" mandarin 
orange, a low seeded variety development was considered as an important target of citrus 
breeders in USA. Mikeal Roose of the university of California, Riverside, USA developed a 
low seeded kinnow variety named as "Kinnow LS" in 2011. This variety has 2-3 seeds per fruit. 
It is very sweet, juicy and developed by mutation breeding of standard kinnow. H.S. Rattanpal 
of Panjab Agricultural University (PAU), Ludhiana, India developed another low seeded 
kinnow "PAU Kinnow-1" in 2015, through mutation breeding. Niaz Ahmad Chaudhary of the 
National Agricultural Research Center in Islamabad, Pakistan also developed a low-seeded 
Kinnow variety by selection method. The year(s) of development of low-seeded varieties are 
confusing and misguiding. 

The low-seeded varieties are also good for hot and dry climates and the fruits mature in mid-
January, normally. Fruits can keep on the tree well, up to April with good fruit quality. 

Kinnow introduction in Nepal 
Many citrus researchers and citrus development experts of Nepal, currently on duty and even 
retired professional experts have been contacted to dig out the pertinent information about 
kinnow introduction in Nepal. Various views on the issues have been obtained such as year 
of introduction, the country from where it was brought or supplied, even the location where it 
was planted first. During a study related to strategy of fruit development in Nepal, I obtained 
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an information that it was King Birendra Bir Bikram Shah who brought kinnow plants as a 
gift from Pakistan. In fact, King Birendra had a 2-day State Visit to Pakistan (12-13 November 
1980) when he might have received some kinnow plants as a gift from President Zia-Ul-Haq 
of Pakistan. These plants were planted at Kirtipur Horticulture Farm, from where some of the 
plants were taken to Paripatle Farm in Dhankuta. 

Kinnow research and development needs in Nepal 
Citrus spp. are most important fruits in Nepal. The area, production, and productivity of citrus 
fruits are higher than most other fruit species. These are grown in more than 60 districts or 
more depending upon the scale of production and land acreage. They deserve an adequate, 
yet appropriate research activities and development efforts. Many academic, research and 
development institutions have focused their program activities in mandarin oranges, sweet 
oranges, pumelo, lemon and lime. However, none of them have taken up research work on this 
particular fruit variety "Kinnow" which is emerging as a popular, productive and economic 
citrus fruit. Moreover, this variety matures during the later part of citrus season giving higher 
economic benefits than other citrus fruits. 

Research and development interests of all citrus-related organization should have program 
activities focused in introduction and evaluation of standard and low–seeded kinnow cultivars 
in different agro–ecological regions/belts. Adequate research considerations are needed on 
production management, cultural cares, plant protection measures, pre-and post-harvest 
techniques, proper and timely market-channel build ups, etc. Because, the import volume 
of this fruit from India is very high and the outflow of currency from Nepal can be reduced 
greatly, if innovative production technologies be developed within this country. 

A Brief Kinnow production technique
Kinnow grows well in hot and dry climates with very high productivity. The trees exhibit 
vigorous growth and may attain tree height of 10m. Fruit contains few seeds in low–seeded 
cultivars as against 20 to 30 seeds or more in seeded cultivars. The soil should we moist, well–
drained and fertile. It grows well at a temperature range of 10°C to 35° C.

The budded or grafted plants on the Troyer citrange, not only induce dwarfing in kinnow, 
but also produce early harvest and can even be grown at high densities (2m×2m spacing) as 
against 6-8 m apart of seedling trees. Budding/shoot-tip grafting is normally practiced during 
August-September and February- March when there is sufficient cell sap flow. Saplings are 
planted in June-July. Fruits are harvested from December to February when the fruits attain a 
TSS; acid ratio of 12.1 to 14.1. Fruits are harvested by clipping the fruit stem with secateurs 
(Kumar, 2020). 

Commercial waxes may be used to coat the fruit to prolong shelf-life up to 60 days (Kumar, 
et.al, 2016). Budded plants give a commercial harvest after 6 years of planting while lower 
yields can be obtained earlier (in 3 to 4 years) depending on production practices and ecological 
factors. 
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Summary and conclusion 
Although many citrus species and their varieties are grown commercially in Nepal, some new 
varieties are seen in fruit markets, recently. One prominent mandarin orange hybrid "kinnow" 
appears in front–line. The fruit is sweet, juicy, attractive, matures in later season after most of 
the mandarin oranges and fetches high prices. The skin is also easily peeled off. This variety 
was introduced in Nepal as early as in 1980, but its production technology needs to be exploited, 
researched and disseminated properly and adequately to enhance its in–county production in 
commercial scale not only to meet its market demand but also to minimize its imports, thereby 
contributing its role in economic growth of Nepal through import substitution. Therefore, 
kinnow has good potential in Nepal if appropriate production pocket is identified and quality 
fruits can be produced with development of complete package of practice.  
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Abstract 

To meet the need of ever-increasing population, the breeders are continuously making the efforts by 
developing new varieties. By registering varieties, the national catalogues of commercial varieties 
can be diversified, and varieties which are better adopted to particular local environments can be 
promoted and commercialized by a wider range of actors. The process involves applications, 
review by technical committees, release/registration decisions, and notification in the Nepal 
Gazette or website of Ministry of Agriculture and Livestock Development. But in Nepal, only 
21 varieties of different fruits were notified. Out of total fruit varieties only three varieties of 
mandarin orange were registered. Variety release or registration of fruit is difficult as compared 
to annual crops. Same process of registration for all crop groups is one of the major reason for 
registration few number of fruit varieties. In annual crops, data from sowing to harvesting can be 
easily recorded while it is difficulty to record data from saplings production to harvesting stage 
which takes near about six years for fruiting in mandarin orange. So, Nepalese variety notification 
process should be aligned with the neighboring countries where direct registration in horticultural 
crops was already started.

Keywords: National Seed Board, Notification, Registration, Release

Background
Nepal is situated in the lap of great Himalayas and has favourable agro-ecological diversity 
for agricultural production, especially in the horticulture sector. Different ecological belts are 
endowed with different types of climates due to its geographical locations and physiographic 
setting (FDD, 2017). Mid-hill area of Nepal is suitable for cultivation of citrus fruit.  Among 
citrus group, mandarin orange is most popular and cultivated in large area. Mandarin orange 
as national fruit of Nepal, is cultivated in 27982 ha and productive area is 19481 ha (MoALD, 
2023). The production and productivity of mandarin orange is 185,346 metric tons (mt) and 
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9.51 mt per hectare respectively (MoALD, 2023).  Till now, only 21 varieties of different 
fruits were notified in Nepal (SQCC, 2024). Out of total fruit varieties only three varieties 
of mandarin orange were registered (SQCC, 2024). Out of three varieties, Khoku Sthaniya 
and Banskharka Sthaniya were registered under schedule-D (Landrace and Local Crop 
registration) and Paripatle Agaute Suntala-1 was registered under schedule B (Registration of 
National variety) (SQCC, 2024).

Variety development process
The variety development process includes the following steps:
 y Identification & Collection of germplasm
 y Introduction & selection
 y Hybridization & selection
 y Initial Evaluation Trial (IET)/ Initial Yield Trial (IYT)
 y Disease screening nursery
 y Multi-location Trial (MLT)–Co-ordinated Varietal Trial (CVT)/Co-ordinated Farmers 

Field Trial (CFFT)
 y Participatory Varietal Selection (PVS)
 y Farmers Acceptance Test (FAT),
 y Informal Research & Development

Legal provision of variety notification or registration in Nepal
Seed  Act, 2045 (Second Amendment, 2079) 
Structural arrangements for release and registration of different varieties
	National Seed Board (NSB)
	Secretariat: Seed Quality Control Center 
	Provincial Seed Board (PSB): Gandaki and Bagmati province already form the Provincial 

Seed Board

Legal provisions for notification of varieties
Arrangements for notification by federal :

Release variety: Ministry can notify variety by publishing a notice in Nepal Gazette after 
consultation with National Seed Board

Local and imported variety:

	Registered after decision from National Seed Board
	No need to publish in Nepal Gazette
	Published in Ministry website or other medium
Arrangements for notification by province;

	Notify within the domain of province except imported varieties
	Provincial Ministry can notified variety by publishing a notice in Province Gazette after 

consultation with PSB.
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	Provincial Ministry should consult with NSB before variety notification or registration

Section 11.6 of the Seed Act, 2045

The process of notifying or registering the variety of seeds shall be as prescribed and the 
process accordingly. According to the nature of certain crops, process of registering variety 
can be specified in different ways.

Section 15(d) of the Seed Act, 2045
License Provision for variety development and maintenance

	National Seed Board can issue license but Nepal government should approve for variety 
development and maintenance license

	Permits can be given to individuals or organizations by making provincial laws in 
accordance with the quality and standards set by National Seed Board

Seed Regulation, 2069
National Seed Board (NSB) has three sub-committee to assist National Seed Board for variety 
notification and registration. Out of three, one is Variety Approval, Release and Registration 
Sub-committee (VARRSC) under the chairmanship of Director General of Department of 
Agriculture.
Variety can be notified and there are four ways which are listed here under:

	Schedule A:  Release of National variety 
	Schedule B: Registration of National variety
	Schedule C: Registration of imported variety
	Schedule D: Registration of  Land race and Local crop 

Figure 1. For release and registration (Schedule A and B) 

Nepal Gadget after ministry decision

National Seed Board

Variety Approval, Release and Registration Sub-committee
(Accept or reject or modify)

Technical Committee
(Accept or reject or modify)

Proponent Submit Proposal to NSB Secertariat

Research

Release (con.3 Season 
Performance Trial) + DUS

Registration (Con.2 Season
Performance Trial) + DUS

RSC. April
to July

WSC.
August to
January
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Procedure of variety notification in Nepal
There are four ways for variety notification and registration in Nepal which are listed below:

Province can release or register varieties in their in their provincial boundry by forming pro-
vincial seed board as per provincial act.

Horticultural crops registration system in neighboring countries 
Horticultural crops variety registration in India 
The National Seed Policy, 2002 of  India, regulate the sale, import and export of seeds and 
planting materials of agriculture crops including fodder, green manure and horticulture and 
supply of quality seeds and planting materials to farmers throughout the country.

All varieties, both domestic and imported varieties that are placed on the market for sale 
and distribution of seeds and planting materials will be registered under the Seeds Act. 
However, for vegetable and ornamental crops a simple system of varietal registration based 
on “breeder’s declaration” is adopted in India. Registration of varieties will be granted for a 
fixed period on the basis of multi-locational trials to determine Value for cultivation and use 
(VCU) over minimum period of three seasons, or as otherwise prescribed as in the case of long 
duration crops and horticultural crops. Samples of the material for registration will be sent to 
the NBPGR for retention in the National Gene Bank. 

Horticultural crops variety registration in Bangladesh
In the National Seed Policy, 1993 of Bangladesh, for new varieties of wheat, rice, jute, potato 
and sugarcane developed by private or public agencies will be subject to notification by the 
National Seed Board of Bangladesh. Varieties of all other crops developed by public research 
agencies will be subject to an internal review and approval by each respective agency and 
must be registered with NSB before being released. Varieties of crops, other than rice, wheat, 

Figure 3. For registration of Landraces (Schedule 
D) & Widely Accepted Crops – Federal Level 

Figure 2. For registration of Exotic Commercial Variety  
(Schedule C) – explicit right of Federal Level 

Official listing via website or notice after ministry decision

National Seed Board

Variety Approval, Release and Registration Sub-committee

Technical Committee

Proponent Submit Proposal to NSB Secertariat

NCRP-Performance Evaluation  
Cont. 2yrs + DUS

Recommendation Letter from NSB 
Secretariat
Breeder Certificate
Non GMO Declaration
DNA Fingerprinting
Varietal Characters
Legal Documents

Crop and Horticulture Directorate
Issues letter for Performance test

to commodity program

Nepalese
Counter

Part

RSC. April

to July

WSC.

August to

January
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jute, potato and sugarcane that are imported or locally developed by a private person, company 
or agency must be registered with the NSB giving prescribed cultivar descriptions, but will not 
be subject to any other restrictions.

The crops and notification procedure for controlled crops before commercial 
purpose in Bangladesh: 

	The National Seed Board (NSB) shall designate kinds and varieties of crops that are to be 
notified. Initially, rice, wheat, jute, potato and sugarcane will be the only notified crops. 

	Release of the varieties of notified crops will be subject to evaluation and testing by the 
Technical Committee on Seeds. 

	Varieties of all other crops will have to be registered prior to being sold, but there will be 
no requirement for prior testing and approval. 

	Any variety, whether imported or developed in Bangladesh, must registered with the 
National Seed Board. Except for controlled or notified crops, registration will not involve 
testing or any other procedure. 

Requirements in Bangladesh for non controlled crops 

	 Proposed Name – Scientific, English, Bangla
	Company and Dealer Profile 
	 Ecological demand 
	Breeder details
	Agronomical demands (seed rate, PoPs,)
	Disease and Insect trial and reaction details.
	Description of variety – Identification and other special features
	Description of Initial yield trial (IYT), Multi location trials (MLT), Yield trial on farmers 

field and Agronomic trial 

Data to be recorded for release and registration of varieties in Nepal 
The crop, botanical name, old name before registration, new name after registration, parents of 
the new variety, country of origin, source and accession number should include in the proposal. 
Agronomical characters like days to 50% flowering, days to maturity from seeding, plant height, 
fruit weight, yield and multi-location data of initial evaluation trial (IET) and coordinated 
varietal trial (CVT) data should be taken from at least three location. Morphological traits 
like fruit shape, fruit color, fruit size, flower color, leaf shape, petiole wing, growth habits, 
branching, foliage color and plant height etc should be measured and incorporate in proposal.

Response of Stress like as biotic, abiotic and nutritional quality such as protein %, carbohydrate 
%, minerals, vitamins should be included in proposal. Beside that recommendation domain, 
time of planting, seed rate and sowing distance, reasons for recommendation, distinctness of 
variety, disease scoring (at least 2 consecutive year), insect scoring (at least 2 consecutive year), 
stability test, testing location at least 3 location and picture and video clips of farmers response 
should be submitted during submission of proposal in National Seed Board Secretariat



116
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Issues in mandarin orange registration system in Nepal
Same process of registration for all crop groups is one of the major reason for registration of few 
number of fruit varieties. In annual crops, data from sowing to harvesting can be easily recorded 
while it is difficulty to record data from saplings production to harvesting stage which takes near 
about 6 years for fruiting in mandarin orange. The objectivity and consistency of performance 
testing for annual and perennial crops are same which is not feasible for fruit crops. Nepalese variety 
notification process should be aligned with the neighboring countries where direct registration 
of horticultural crops was already started in another challenge for our country. Characterization 
of genotypes, spot examination and development and approval of Plant Variety Protection and 
Farmers Right (PVPFR), incentives to breeder involved in variety development and strengthen 
to private sector Research and Development are issues in variety registration of mandarin orange.

Summary and Conclusion
Mandarin orange (Citrus reticulata Blanco) is the major sub-tropical fruit popularly grown 
in mid-hills which has high domestic and foreign market potentialities. Mandarin orange is 
cultivated in 27982 ha and productive area is 19481 ha of land area with annual production and 
productivity of 185,346 metric tons (mt) and 9.51 mt per hectare respectively which contributes 
almost 0.95 % in AGDP (MoALD, 2023). Variety notification or registration should be done 
before marketing for commercial purpose. Second amendment of Seed Act, 2045 open the 
opportunity to simplify the notification of fruit varieties. So, there is opportunity for Nepalese 
variety notification process to align with the neighboring countries where direct registration 
of horticultural crops were already started. Identification and characterization of genotypes 
should be done for the development of new varieties of mandarin orange. Government should 
strengthen and support to private sector in research and development of new high yielding 
varieties of mandarin orange in Nepal. Besides that, sufficient budget and incentives should be 
provided to breeder involved in variety development.
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Abstract 

Mandarin orange cultivation in Arghakhanchi district plays a crucial role in the local economy 
and livelihoods due to favorable agro-climatic conditions and traditional farming expertise. 
Despite this significance, there has been very less studies on mandarin orange cultivation and 
historical evidence in this district. So, in this study we collected scientific evidence of the 
longstanding cultivation of mandarin oranges in the Arghakhanchi district, with the objective 
of supporting the geographical indication (GI) designation for oranges in this region. Utilizing a 
multi-method approach, including literature review, farmer’s household survey, market survey, 
consumer survey, key informant survey (KIS), and focus group discussions, data were collected 
and analyzed using Microsoft Excel. Oldest (over 200 years) as well as new commercially 
established mandarin orange orchard were found on Panini Rural Municipality of Arghakhanchi 
district. Butwal and Rupandehi were the main wholesale market for mandarin orange. Mandarin 
orange of Arghakhanchi gained popularity for its thin rind, juiciness, resistance to insects and 
pests, larger size, longer post-harvest lifespan and sweet taste, boasting an average brix content 
of 10. Interestingly, the first mandarin orange seedlings in Arghakhanchi were acquired from 
Naya Gaun, Dhurkot Municipality of neighboring Gulmi district. The Farmers from Naya Gaun 
primarily sell orange seedlings for income generation, and the oldest orange tree, 400 years old, 
was found there, although the initial introduction of oranges to the area remains unknown.

Introduction 
Mandarin orange (Citrus reticulata Blanco) cultivation holds significant economic importance 
for the Arghakhachi district, serving as a primary source of income for local farmers and 
contributing to rural livelihoods (Khanal et al. 2018). The favorable agro-climatic conditions, 
coupled with the expertise of farmers in traditional cultivation techniques, have led to the 
establishment of thriving Mandarin orange orchards across the district (MoALD, 2019). 
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The cultivation of mandarin orange not only generates employment opportunities but also 
stimulates local trade and commerce, boosting the socio-economic development of the 
community (Government of Nepal, 2019).

Furthermore, mandarin orange production plays a crucial role in enhancing food security 
and nutritional well-being in Arghakhanchi district Khanal et al. (2018). Rich in vitamin 
C, minerals, and antioxidants, mandarin orange offers valuable health benefits, serving as a 
nutritious dietary component for consumers (Shrestha, 1998). Its popularity extends beyond 
local markets to the bigger regional markets like Butwal, Pokhara and Kathmandu. 

Despite its economic potential, mandarin orange cultivation in Arghakhanchi faces various 
challenges like disease, pest infestations, fluctuations in market prices, inadequate access to 
credit facilities, and limited technical knowledge of farming. Proper cold storage was found 
the primary problem which is crucial for preserving the quality and freshness of fruits like 
mandarin oranges, as it helps slow down the ripening process and prevents decay. Addressing 
these challenges requires concerted efforts from stakeholders, including government agencies, 
research institutions, and local communities, to implement effective pest management 
strategies, improve access to resources, and enhance farmer education and training programs 
(Bajracharya and Gurung, 2020). Nevertheless, amidst these challenges, there are ample 
opportunities for the development and promotion of Arghakhanchi mandarin orange as a 
premium agricultural product. By leveraging its unique geographical and climatic attributes, 
the district can position itself as a leading producer of high-quality mandarin orange. (Khanal 
et al., 2018).

Geographical Indication (GI) protection offers a promising avenue for safeguarding the 
reputation and integrity of Arghakhanchi mandarin orange, thereby ensuring fair recognition 
and increase market value for local producers. By associating the product with its geographical 
origin and specific attributes, GI status can prevent misappropriation and unauthorized use of 
the Arghakhanchi name, protecting the interests of farmers and consumers. As such more than 
100 agricultural products have potential for geographical indication (GI) tag in Nepal (Joshi 
et al., 2017). At present, there is a policy provision for GI however the ministry of industry, 
Commerce and supplies is still in the process of developing its legal registration system (Joshi 
et al., 2017).  

Receiving GI protection necessitates rigorous documentation and evidence of the product's 
historical presence and unique characteristics. However there is very less documentation of 
the native fruits and fruit varieties in Nepal that have special traits (aroma, taste) of themselves 
which makes them unique than the same fruit that is found in other part of the world. That is 
why Nepal has been deprived of the right to get Geographical Indication (GI) and center of 
Origin of many native fruits. 

Documentation of the mandarin orange of different pocket areas of Arghakhanchi district will 
help to deliver scientific evidences of existence of oranges in that area since ancient times, 
introduce Arghakhanchi oranges in the international arena and this will be a good framework 
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to foster the process of taking the GI tag of mandarin oranges in the coming years. This 
paper focuses mainly on the study and collection of primary data thereby accelerating the 
efforts that is needed to document and preserve traditional knowledge, heritage varieties, and 
farming practices associated with oranges pocket areas in the Arghakhanchi district of Nepal. 
Also some evidences from Naya Gaun of Gulmi district has been incorporated as per the 
recommendation of the surveys from Arghakhanchi district.

Methodology

Study area
This study employed a comprehensive research 
methodology comprising literature review and 
survey. Farmer’s household survey, market 
survey, consumer survey, key informant survey 
(KIS), focus group discussions (FGDs) was 
conducted on Arghakhanchi district and focus 
group discussions (FGDs) on Gulmi district. 
Similarly organoleptic testing on collected 
sample from Arghakhanchi and Total Soluble 
Solids (TSS) was measured with refractometer from those sample. 

Data collection
Literature review: Extensive literature review was done to gather background information 
and insights on mandarin orange cultivation, market trends, and consumer preferences.

Farmer’s household survey: A structured survey was administered to mandarin orange 
farmers in two prominent pocket areas of two Rural Municipalities, namely Pokharathok and 
Simle of Panini Municipality and Sakindhara - 6 of Malarani Municipality. A total of 42 farmers 
participated (22 from Panini Rural Municipality and 20 from Malarani Rural Municipality). 

Market survey and consumer survey: Five market surveys and five consumer surveys were 
conducted to gather information on market dynamics, pricing, and consumer preferences 
regarding mandarin orange.

Key informant survey (KIS): KIS was conducted with more than three experts, including 
the chairperson of Rural Municipality, chief, and staff of the Agriculture Knowledge Center in 
Arghakhanchi district, Nepal.

Focus group discussions (FGDs):  FGDs were held with 15 farmers, including elderly 
individuals, in both Panini and Malarani Rural Municipalities. Additionally, FGDs were 
conducted in Naya Gaun, Gulmi district, as per the recommendation stemming from surveys 
conducted in Arghakhanchi district.

Quality testing:  (Organoleptic and brix testing)  

Figure 1. Study area in Arghakanchi District
(Panini and Malarani Rural Municipalities)
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A customized 6-point hedonic scale organoleptic evaluation sheet was prepared and replicated 
to test the overall perception of the quality of the mandarin oranges from the study sites. 
Each test was conducted with 12 office staff members from the National Center for Fruit 
Development, NARC, members of the Nepal Horticulture Society. Similarly the TSS content 
of the orange samples was measured in the field using a refractometer.

Data analysis: Data collected from surveys and tests were compiled and computed using 
Microsoft Excel for analysis.      

Results and discussion
Farmer survey 
Higher number of male were present on both survey site of survey which were 46 to 55 years 
old (Table 1).

Table 1. Percentage of different gender and age group of farmers involved in survey of two 
different study location of Arghakhanchi 

S.N. Location Gender %
Age (years)

Male Female
1 Panini 90.5 95.0 52.8±2.4
2 Malarani 75.0 25.0 46.3±2.1

Cultivation history and varieties: The historical cultivation of mandarin orange in the 
Arghakhanchi district is deeply ingrained in local memory.  According to tradition, the first 
native orange seedlings were brought to Panini from Naya Gaun in the neighboring Gulmi 
district around 200 years ago. Those seeds were then spread to other mandarin orange producing 
location across Arghakhanchi.  As such the elderly and all the participants in the focus group 
also validated this statement during discussion. Following the suggestions of the farmers from 
Arghakhanchi we also held a focus group discussion in 
Naya Gaun of the neighboring Gulmi district to better 
understand the origins of this variety. FGD survey of 
Naya Gaun revealed that a 400-year-old mandarin 
orange plant was discovered on Kamal Thapa's field, 
though its origins in the village was unknown.

The historical cultivation of Mandarin oranges in 
the Arghakhanchi and Gulmi district reflects a deep-
rooted tradition spanning generations which may be 
due to that mandarin oranges were found to be in semi-
wild  conditions in Butwal which is about 65 km away 
from Arghakhanchi (Bonavia 1890). Farmers in the 
study area have preserved native variety commonly 
called Butwal Local/Raithane/Sati Pukhe jaat, which 
is favored for its taste, color, and longevity. 

Figure 2. The seven generation old mandarin 
orange tree found in Gulmi district     



123
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Mandarin orange farming in Panini started commercially 
around 2049/50, under the considerable support from the 
Arghakhanchi District Agriculture Development Office 
(DADO) at the time. Native variety occupied 80% of the 
orange seedling plantations, while 20% of farmers also 
grow grafted varieties. Although other types like Kinnow 
and Unshiu are also grown, they were less popular due 
to lower demand compared to the preference for local 
varieties.

Cultivation practices and characteristics: The Farmers 
land holdings in both Panini and Malarani showing 
significant portion of the area occupied by mandarin 
cultivation on both locations (Figure 4).  

Respondents in focus group discussions speculated on the etymology of "Suntala" (orange), 
associating it with the Nepali term “Suunn" 
for the color yellow-gold. Some referred 
“Suntala," as a term passed down through 
generations, Native varieties remain 
predominant, favored for their sweetness, 
size, color, and longevity. Grafted saplings 
though present are less popular. More farmer 
were planting seedling than grafted on their 
orchard on both locations (Figure 5). Farmers 
in Gulmi however focus on producing more 
orange seedlings for selling purpose.  

Growth and production: Native oranges typically 
begin fruiting in five years after planting, while 
grafted varieties take three years. Average tree 
height for native varieties is around 7 meters, with 
Unshiu at 3 meters and Kinnow comparable to native 
varieties. Average yields are approximately 95 kg per 
tree in Panini and 45 kg per tree in Sakindhara. The 
difference in average orange yield per tree between 
the two locations could be attributed to factors such 
as altitude, tree canopy, management practices, and 
orchard elevation (Khalid et al., 2018).

Cultivation practices include preparing land with pits, fertilization, and irrigation and hand 
weeding as per needed in Panini however 50% of famers in Malarani planted seedling plant 
without making pit (Table 2). Intercropping with maize, mustard, cauliflower, and cabbage is 

Figure 3. More than 160 years old 
trees found in Arghakhanchi district at 
Dhadhiram Gautama’s orchard.

Figure 4: Farmer holding and mandarin orange occupied 
on two different location of Arghakhanchi (Average±SE)

Figure 5. Farmer planting seedling or grafted 
on two different location of Arghakhanchi
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common when the orange plants are small afterwards intercropping was not done. Farmers 
note perceived advantages of organic mandarin orange, such as longer post-harvest lifespan 
and superior taste than other mandarin orange. 

Table 2. Percentage of farmers planting oranges in pit and without pit in both study areas

S.N. Location % planting in pit % planting in without standard pit
1 Panini 100.0 0.0
2 Malarani 50 50

Pest management and harvesting: Farmers employ various methods for pest management, 
including organic solutions and, in some cases, recommended insecticides. However, 
alongside these traditional practices, the study identifies emerging challenges such as disease, 
pest infestations, and market fluctuations which is in line to the result of the study made by 
Prasad and Chandra (2019). Harvesting typically occurs from Kartik to Magh in Panini and 
from Mangsir to Falgun in Malarani. 

Despite the resilience of native varieties, farmers faced obstacles in maintaining consistent 
yields and quality which may be due to pest pressures and limited access to effective pest 
management strategies (Baral et al., 2021). Addressing these challenges requires collaborative 
efforts from government agencies, research institutions, and local communities to provide 
technical assistance, access to resources, and training programs aimed at improving pest control 
practices and enhancing overall orchard management. Slightly difference in the harvesting 
time in the two study areas may be due to the variation in altitude. (Tomiysau et al., 1998)

Market survey
The study highlights that significant economic contribution of mandarin orange cultivation to 
the Arghakhanchi and Gulmi district, serving as a primary source of income for local farmers 
and stimulating trade and commerce in the region. The local market of Arghakhanchi district 
relies primarily on Butwal for mandarin orange supply, despite being a significant production 
area. Till now there is no marketing challenges as most of the farmers (85%) directly sell 
oranges to the contractors. Retailers and wholesalers highlight the superior taste and size of 
mandarin orange from Arghakhanchi, particularly Panini and Malarani. Prices vary seasonally, 
with potential for higher rates with improved technical knowledge regarding preservation and 
storage technologies and infrastructure. 

Despite being a major production hub, the local market's reliance on external sources underscores 
the need for improved marketing infrastructure and distribution channels within the district. 
As such enhancing market access and developing value-added products can help capitalize on 
the district's unique geographical and climatic attributes, positioning Arghakhachi mandarin 
oranges as premium agricultural products in both domestic and regional markets (Richa et al., 
2023).  Furthermore, strengthening linkages between farmers and buyers, implementing fair 
trade practices, and promoting eco-friendly packaging can contribute to sustainable economic 
growth and improve livelihoods in the community (Mare, 2008).
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Consumer survey 
Consumers prefer mandarin orange from Malarani as their top choice (average brix content: 
10.5), followed by oranges from Panini (average brix content: 9.5) as their second choice. 
The native variety is attributed with thin flesh, juiciness, resistance to insects and pests, large 
size, extended post-harvest lifespan, and sweet taste so the consumers stress the significance 
of preserving local varieties. There are concerns regarding the possible mislabeling of oranges 
and the necessity for better storage technologies.   

Consumers' preference for seedless varieties with consistent size could be met by partnering 
with national and international institutions for research aimed at preserving and enhancing 
quality of local varieties. After testing these varieties in the field, if found suitable, they could 
be introduced in the district to get the quality orange fruits.

Key informant survey (KIS) 
The Agricultural Knowledge Center (AKC) reports six groups of orange farmers, totaling 
300-350 members, cultivating oranges across 729 hectares in Arghakhanchi district. Average 
incomes of farmers range from 1 lakh to 15 lakh NPR, with a significant portion sold directly 
to contractors. 

The concept of Geographical Indication (GI) protection holds immense potential for 
safeguarding the reputation and integrity of Arghakhanchi mandarin oranges says the chief 
of Agricultural Knowledge Center of Arghakhanchi district during our survey. As such by 
associating the product with its geographical origin and specific attributes, GI status can 
enhance market recognition, prevent misappropriation, and increase the value of local produce. 
Moving forward, future research endeavors should focus on exploring opportunities for value 
addition and market diversification and collaboration regarding quality enhancement of native 
varieties of oranges. (Joshi et al., 2017).   

Focus group discussions (FGDs) 
Focus group discussions (FGDs) on Arghakhanchi :The proliferation of mandarin orange 
has transformed villages into "Suntala Gaun" (orange villages), attracting internal tourism. 
However, concerns persist regarding preservation technologies and consumer preferences for 
specific (seedless, big, much sweeter) varieties. 

Focus group discussions (FGDs) on Gulmi: The focus discussion took place in Naya Gau 
village of Dhurkot, Gulmi district, involving twelve farmers, comprising 8 males and 4 
females. During the discussion, it was noted that a 400-year-old mandarin orange tree was 
recorded on Kamal Thapa's orchard, though its origins in the village were unknown. Locally, 
mandarin oranges are referred to as "Suntala," a term passed down through generations, yet 
there were no specific cultural artifacts such as poems, songs, or festivals associated with it.

Suntala cultivation spans 5,000 ropani of sloping land across the village, engaging 600 
families, although there is no formal cooperative or company dedicated to its cultivation. The 
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mandarin orange trees in Naya Gaun orchards were relatively late to bear fruit compared to 
neighboring orchards with smoother rind. 

In establishing new orchards, farmers prepare pits and incorporate organic manure before 
planting. They use a boardeaux mixture and adopt irrigation practices. Chemical fertilizers 
were not utilized, and despite facing challenges from pests such as sting bugs, fruit flies, and 
borers, chemical pesticides were avoided for pest and disease management.

The primary income source for farmers was the sale of seedlings, with over 8 nurseries 
established in Naya Gaun. Seedlings were exported to Baglung, Parbat, Arghakhanchi, Palpa, 
Salyan, and the local market in Gulmi district. Harvesting typically occurs from the last week 
of Poush to the last week of Falgun, with produce sold directly without storage.

For storage, farmers had a practice of using materials such as bash ko supilo, rice bran, finger 
millet bran, and mustard bran. Apart from self-employment in the mandarin orange orchards, 
farmers also assist others, contributing to additional income sources. There was a desire for 
government recognition through a Geographical Indication (GI) tag, which would enhance 
market value and recognition for their product. 

Conclusion
The study's findings revealed a rich history of mandarin orange cultivation in the Arghakhanchi 
district, dating back more than 200 years. Both old and new orchards of the pocket areas, 
with many respondents tracing the origins of their orange seedlings to Naya Gaun in the 
neighboring Gulmi district, brought by their ancestors. Consequently, the oldest orange tree, 
400 years old, was found in Naya Gaun, although the initial introduction of oranges to the area 
remains unknown. 

The native orange variety stands out for its widespread popularity, with farmers favoring it 
over grafted varieties. These native oranges are characterized by their thin rind, juiciness, 
resistance to insects and pests, large size, extended post-harvest lifespan, and sweet taste, 
boasting an average brix content of 10. While there may not be specific traditions or folk songs 
related to oranges, the farmers heavily rely on them for their livelihoods, with average annual 
incomes ranging from 1 lakh to 15 lakh depending on land holdings.

A significant majority of farmers (85%) directly sold their produce to contractors, who then 
store them in cold storage facilities. Cultivation practices among farmers are largely uniform, 
with a focus on clean cultivation methods. Due to district's favorable niche climate, infestations 
of insects and pests are minimal and are managed through simple agronomic practices.

References
Acharya, K. P. and B. P. Rimal. 2017. Citrus genetic resources of Nepal: Diversity, distribution, utilization, and 
conservation. Agriculture & Food Security, 6(1), 1-10.

Bajracharya, S. and A. Gurung. 2020. Challenges and opportunities of mandarin orange production in Nepal. 
Journal of Agriculture and Natural Resources, 3(1), 28-34.



127
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Baral, S., S. Marahatta and A. Shrestha. 2021. Economics of production and marketing of mandarin orange in 
Parbat and Baglung districts of Nepal. International Journal of Agriculture Environment and Food Sciences, 5(3), 
323-328.

Government of Nepal. 2019. District Agriculture Development Office, Arghakhachi: Annual Report. 
Arghakhanchi, Nepal.                    

Joshi B.K., A.K. Acharya, D. Gauchan, D. Singh, K.H. Ghimire and B.R. Sthapit. Geographical indication: 
A tool for supporting on-farm conservation of crop landraces and for rural development. In: Joshi BK, KC 
HB, Acharya AK, eds), editors. Conservation and Utilization of Agricultural Plant Genetic Resources in Nepal 
[Internet]. Dhulikhel, Kathmandu, Nepal: NAGRC, FDD, DoA and MoAD; 2017.p.50–62. Available from: 
https://www.researchgate.net/publication/321670539 Geographical indication_A_tool_for_supporting_onfarm_
conservation_of_crop_landraces_and_for_rural_development

Khalid, M.S., A.U. Malik, A.S. Khan, B.A. Saleem, M. A. Muhammad Amin, O.H. Malik and A.R. Abdul 
Rehman. 2018. Geographical location and agro-ecological conditions influence Kinnow mandarin orange (Citrus 
nobilis× Citrus deliciosa) fruit quality.                    

Khanal, A., B. Bhusal and S. Aryal. 2018. Study on production and marketing of mandarin orange in Gulmi and 
Arghakhanchi districts. Journal of Agriculture and Environment, 19, 69-82.                    

Mare, Ann. 2008. The Impact of Fair Trade on Social and Economic Development: A Review of the Literature. 
Geography Compass. 2. 1922 - 1942. 10.1111/j.1749-8198.2008.00171.x.                    

Prasad, P. B., and D.S. Chandra. 2019. Determinants of mandarin orange productivity and causes of citrus decline 
in Parbat district, Nepal. Acta Scientific Agriculture, 3, 14-19.                    

Richa, Rishi, D. Kohli, D. Mishra Vishwakarma, A. Kabdal, B.  Kothakota, R. Anjineyulu, S. Sirohi, R. Kumar, 
Rohitashw and B. Naik. 2023. Citrus fruit: Classification, value addition, nutritional and medicinal values, and 
relation with pandemic and hidden hunger. Journal of Agriculture and Food Research. 2023. 100718. 10.1016/j.
jafr.2023.100718                    

Shrestha, P.A. 1998. Development and outlook of citrus industry in Nepal. In proceeding of the second horticultural 
workshop. Horticulture Society of Nepal (1998).                     

Tomyasu, Y., S.K. Verma and D.B. Thapa. 1998. Citrus Cultivation in Nepal (Nepali). Kathmandu: Tobatha 
Books.   



:yfgLo g]kfnL ;'Gtnf



Mandarin Orange: History, Science and Technology in Nepal (S Karki, PR Poudel, YK Shrestha, SP Baral, S Dhimal, S Paudel and S Pandit, eds),2024.
NHS and NCFD, Kathmandu.

129
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Introduction 
Fruits constitute an important item of our food and play significant role in the human diet 
through the supply of vitamins and minerals (Prabhakar et al., 2004). Citrus, particularly the 
mandarin orange is the most important and highly commercial fruit crop in the hills of Nepal. 
Mandarin orange is a group name for a class of oranges with thin, loose peel. These are treated 
as members of a distinct species, Citrus reticulata Blanco. Mandarin oranges include a diverse 
group of citrus fruits that are characterized by bright colored peel and pulp, excellent flavor, 
easy-to-peel rind and segments that separate easily (Parashar, 2010).

Abstract 

In Gandaki region, cultivation of mandarin oranges (Citrus reticulata Blanco) began in Kaski 
district and later expanded to neighboring districts. It plays a vital role in the local economy 
and promotes tourism due to favorable agro-climatic conditions, various tourist destinations, and 
traditional farming expertise. However, there have been few studies conducted on mandarin orange 
cultivation and its historical significance in Kaski. In this study, gathered scientific evidence of 
the historical cultivation of mandarin oranges in Kaski district with the aim of supporting the 
geographical indication (GI) designation for oranges in this area. Various methods were utilized, 
including literature reviews, farmer household surveys, market surveys, consumer surveys, key 
informant surveys (KIS), and focus group discussions. The data collected were analyzed using 
Microsoft Excel. To support the documentation of Passport data, different characteristics of 
orange trees from multiple locations were recorded. Oranges from Chyarpe and Syastri of Rupa 
Gaunpalika and Kristi-Dopahare of Pokhara metro politancity have gained popularity for their 
thin peel, juiciness, good taste, insect and pest tolerance, large size, and an average brix content of 
more than 10%. The first mandarin orange sapling in this area was brought from the Horticulture 
Research Center in Malepatan (previously Malepatan Krishi Farm). The majority of farmers in 
Kaski district received mandarin orange saplings from Malepatan Krishi Farm Pokhara. Pokhara 
Kaski, serves as the main wholesale market for oranges produced in these areas. Farmers do not 
face any marketing challenges as it is a significant marketing hub for local consumption and 
serves as an entry point for distant markets like Narayangadh, Butwal and Kathmandu. 

Mandarin Orange Diversity in Kaski District 
Surya Prasad Baral*, Samyam Pandit, Basanta Balami and Shanta Karki

National Centre for Fruit Development, Kirtipur, Kathmandu
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Mandarin orange is grown in 27,982 hectares of area in Nepal with production of 185,346 
metric ton and 9.51 mt/ha. productivity in fiscal year 2021/22. (MoALD, 2023). The mid-
hill region (1000 to 1500 m altitude) has a comparative advantage in the cultivation of citrus 
fruits, especially mandarin orange and sweet orange. These are grown in almost all mid-hill 
areas (900 to 1400 m) of the country between 26º 45' and 29º 40' latitude and 80º 15' and 88º 
12' longitude. Kaski district which lies in the mid-hills of Nepal is one of the pocket areas for 
mandarin orange production. In fiscal year 2021/22, mandarin orange was cultivated in 851 
hectares of area with production of 7610 mt. and 10.48 mt/ha. of productivity in Kaski district 
(MoALD, 2023).

Nepal is rich in agrobiodiversity due to climatic variation. Some of the agriculture products 
are produced in very specific areas. More than 100 agricultural products are potential for 
geographical indication (GI) tag in Nepal. None of the products are registered as GI in Nepal. 
Three traits (famous, special trait and origin) are very important on GI system. Legally 
registration system as GI has not been existed in Nepal, but there is a policy provision for GI. 
Hence, study related to GI is most in present day.

Methodology
Study area
Kaski district of Gandaki province of Nepal was 
selected for the study. Kaski lies in the mid-hills 
of Nepal, which provides the suitable climate 
for mandarin orange production. Two-pocket 
areas of mandarin orange production were 
selected for the survey i.e., Syastri and Chyarpe 
region of Rupa Rural Municipality and Kristi-
Dopahare region of Pokhara Metropolitan City.

Sampling method 
The samples were collected by using 
purposive sampling method.
Sampling size and selection procedure: Total of 20 households’ sample were taken from 
each region by purposive sampling method. So, altogether 40 households’ sample were taken 
during the study period. 
Methods of data collection: Various methods were employed as the data collection technique. 
Farmers’ household surveys, Focus Group Discussions, Key Informant Interviews, Market 
surveys and Consumer survey were used. Both primary and secondary sources were utilized 
as the source of information, both qualitative and quantitative information were collected.
Quality testing (Organoleptic and Brix testing): The taste profile or organoleptic test of 
oranges from the study area was evaluated using a 6-point hedonic scale (1. 2, ….6). Fifteen 
number of people were involved in Quality Testing. Brix content testing was performed on 
oranges from different locations to assess their sweetness level.   

Figure 1: Map of Nepal showing the study site.
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Methods and techniques of data analysis: Collected data were entered in the MS-Excel and 
analysis was done using MS-Excel and STATA software.

Results and discussion

Farmers’ household survey
Farmer’s survey was conducted with 40 farmers (30 male and 10 female) of different age 
groups from 30 to 78 years. Having 3 to 100 ropani of Land and growing mandarin orange 
orchards in 1 to 40 ropani. Most of the farmers were growing orchard in mid hill ranging from 
the altitude of 569-1182 m. According to farmers, cultivation of mandarin orange has started 
from BS 2033 in mandarin orange plantation campion and different farmers have attempted to 
establish the orchard from BS 2033 to 2055. Male domination was observed on both survey 
site while on age aspect, it was varying from 30 to 78 years old (Table 1)

Table 1. Age group and % of gender of farmers in survey of Kaski district.

S.N. Location
Gender %

Age (year)
Male Female

1 Rupa Gaunpalika (Syastri and Chayrpe) 70 30 30-74

2 Pokhara Metropolitan 82 18 37-78

Based on former local VDC leader Mr Krishna Murari Khanal, 82 years old of Syastri area 
memorized the cultivation story of mandarin oranges in Kaski district. According to him, 
mandarin orange saplings received from Malepatan Krishi Farm (rightly Horticulture Research 
Center, Malepatan) and commercially mandarin orange cultivation started in Syastri, and 
Chyarpe of Rupa Rural Municipality in BS 2033. At the same time, commercial cultivation of 
mandarin orange was kicked on various mandarin orange growing pockets of Kaski district. 
This message was validated during focus group discussion on both places. Farmers of both 
areas having more than fifty percent of their own land occupied by mandarin orange cultivation 
in Rupa (Chyarpe and Syastri) and Kristi-Dopahare location (Figure 2).  

Most of the farmers were growing local mandarin orange variety. 60% farmers are growing 
their orchard in sloped land and 40% farmers are growing their orchard in plain area. A single 
farmer is growing 10 to 600 mandarin 
orange plants in their land. Most of the 
saplings are developed from seedlings 
(83% seedling and 17% grafted) and 
some are grafted. Farmers are getting 
their yield varies with 60 kg to 700 
kg per plant. Farmers have mentioned 
4-5m plant to plant distance and 
planted in the month of June July. 
During planting and weeding time, 

Figure 2. Land holding of mandarin orange in two different 
locations of Kaski
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most farmers have applied 30-80 kg of compost, very few farmers apply chemical fertilizer 
followed by irrigation from the month of Magh to Baisakh.

Management of orchard is depending upon income from farm and mostly done by physical 
method and slashing the weeds by sickle and some leafy vegetables, cauliflower, cowpea, 
finger millet, ginger, turmeric, maize are inter-cropped in orchard. Farmers have mentioned 
application of chemical fertilizer in orchard increased the quantity but quality has deteriorated, 
in comparison with compost used orchard are more juicy, tasty, shiny and sweet taste. They 
have faced with different insect pest (fruit fly, citrus bug, aphid, scaly insects, leaf miner, 
powdery mildew, citrus psylla, CTV etc) and managed them by applying different insecticides 
and fungicides available in local market. 

Farmers in both locations wanted to preserved local variety which is favored for its sweetness 
and appealing color. No any farmer on both locations ready to plant exotic variety because 
they prefer only local variety. No any nurseries and sapling producer found in Syastri and 
Chyarpe area but in  Kristi-Dopahare area, two nurseries are running namely the nursery 
owner are Lila Dhar Paudel, Pokhara-22, Khalte and Laxmi Thapa, Pokhara-21, Ranipokhara. 
Main harvesting time of fruits starts from Poush and they sell their mandarin orange directly 
to wholesalers from Pokhara market till the end of Magh. Mandarin orange is easily sold in the 
markets of Pokhara and local market. 

Farmers have suggested to provide subsidies to real and needy farmers, training should 
be provided to nursery grower, support by expert team routinely observing the farm, good 
marketing facility, irrigation facility, development of disease resistance varieties etc.

Table 2. Overview of farm household survey

S.N. Description Activities/Percentage

1 Initial orchard establishment BS 2033
2 First sapling introduced Malepatan Krishi Farm
3 Land type 60% sloppy and 40% Plain
4 Land preparation Traditional way 

5 Layout More than 50 % farmer follow standard layout 
(5m x 5m)

6 Pit digging 68 % follow standard pit digging method
7 Use of compost per pit 1.5 to 4 doko compost per pit 
8 Plant to plant distance Most farmers used 4-5 meter distance
9 Varieties growing Mostly local 

10 Sapling types (grafted, seedling) 83 % farmer planted seedling and 17% farmer 
planted grafted sapling

11 Planting month June-July 
12 Weeding method Manually
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S.N. Description Activities/Percentage

13 Mulching 
80 % farmers are practicing organic mulching 
and green manuring 

14 Intercropping Most farmers are practicing seasonal 
vegetables and few with cereal crop

15 Application of fertilizer for manuring
Most of the farmers are applying compost and 
very few with chemical

16 Irrigation Magh to Chaitra

17 Insect pest types and control
All farmers are facing problems of insect pest 
and management is done based on chemical 
and IPM approach

18
Difference between applying chemical 
fertilizer Vs compost 

Yield increased with chemical fertilizer, quality 
enhance with composting

19 Ripening time Stars from Mangshir till Magh
20 Harvesting Period Mangshir-Magh 

21 Direct sell/ store All farmers sell directly to trader (Contractor) 
from orchard

22 Market Pokhara

23 Training/ prunning Most farmers follow training/ pruning after 
harvesting 

24 Average fruit number/plant 265
25 Average number of plant /farmer 145

Focus group discussion
Focus group discussion took place in two places i.e. Syastri and Kristi area of Kaski district 
involving 40 farmers, comprising of 30 male and 10 female. During the discussion, it was noted 
that a 120 -year-old mandarin orange plant was found on Rameshwor Maskey, Chhap Danda, 
Chyarpe field, though its origin in the village was unknown. Locally, mandarin oranges are 
referred to as suntala in this area. Discussing with groups, at first sapling of mandarin orange 
was imported from Malepatan Krishi Farm. Harvesting time of mandarin orange every year 
start from Thulo Ekadashi a cultural matter associated with it.

Mandarin orange farming spread out about 190-200 ha. area mostly sloppy land across the 
village, engaging 250-320 families. In establishing new orchards, farmers prepare pits and 
incorporate organic manure before planting. They used a border mixture and adopt irrigation 
practices. Chemical fertilizers are not common and they are facing challenges from many 
pests and disease such as sting bugs, fruit flies, and borers.

These are some suggestive points raised by farmers during focus group discussion. 

Begnas–Bhorletar road construction triggered mandarin orange farming in Syastri and 
Chyarpe of Rupa Rural Municipality. It has positive impact also with establishment of 
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secondary school in local community. Same type of story was shared from Kristi-Dopahare 
area. Farmers in both locations wanted to preserve local variety which is favored for its 
sweetness and appealing color. No any farmer on both locations ready to plant exotic 
variety like Unshiu and Kinno because they prefer only local variety. No any nurseries 
and sapling producer are there in Syastri, Chyarpe area but in Kristi-Dopahare area, two 
nurseries are running namely the nursery owner are Lila Dhar Paudel, Pokhara-22, Khalte 
and Laxmi Thapa, Pokhara-21, Ranipokhara. 

Suggestion from FGD team to provide subsidies to real and needy farmers, prioritize for 
growing trifoliate sapling for disease free sapling, sapling should be grown from mother 
plant only, Training should be provided to nursery grower, support by expert team routinely 
observing the farm, good marketing facility, irrigation facility, develop disease resistance 
varieties.

Table 3. Overview of focus group discussion

S.N. Description Conclusion

1 FGD conducted group 2 groups

2 No. of male and female participated 30 male and 10 female

3 Year of cultivation Since 1997 AD

4 First sapling introduced Malepatan Krishi Farm

5 Why named Suntala Mostly follow their parents

6 Evidences about Suntala Festival (Thulo Ekadashi)

7 Mandarin cultivated area 90 – 100 hectare

8 Number of Household growing 
mandarin orange actively 250- 320

9 Variety of mandarin orange growing Local

10 Sapling exported Syangja, Baglung, Myagdi, Parbat, Tanahun, 
Lamjung, Gorkha, Palpa

11 Positive and negative impact after 
establishing mandarin orchard

Neighboring district (With Lamjung) 
connecting road developed, Secondary school 
established in Syastri area

12 Benefits of growing orchard Tourist destination place developed, Home 
stay developed

13 Changes in same variety growing in 
different geographic

Size variation, taste, height of plants, leaf size, 
shinning of fruit, taste and juice content

14 Attribute of growing variety Local area identity

15 Suggestion  Training for pest and disease control, 
Subsidies to actual farmers
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Market survey
Market survey was conducted with various traders of agriculture market management 
committee, shanti batika, Pokhara. They are supplying/selling mandarin orange from 4-32 
years ago at different location 
of Pokhara (Chhap Danda, 
Chyarpe, Syastri, Phedipatan, 
Bharatpokhari, Nirmalpokhari, 
Kristi, Dhopere) in season, off 
season they import mandarin 
orange from India in second 
and chinese mandarin orange 
in third. Because of consumer 
preference they sell mostly 
local mandarin orange from 
Kaski first, secondly, they sell 
neighboring district product from Syangja, Parbat, Myagdi, Gorkha, secondly Indian mandarin 
orange and thirdly Chinese mandarin orange in off season.

All the traders concerned about attractive labelling, tagging, grading, packaging for local and 
distance market assurance as well as better storage life.

Table 5. Overview of market survey

S.N. Description Response
1 No. of respondent/ traders 6

2 Experience of selling mandarin 
orange 4 – 32 years

3 Most preferred location Kaski, Parbat, Syangja, Gorkha, Myagdi
4 Variety sold Mostly Local, Indian and Chinese
5 Prioritized location/var. for selling Kaski, Parbat, Syangja, Gorkha 
6 Price of mandarin orange 50- 80 per kg / 150-200 per kg 
7 Easily sold or not Easily
8 Distinguishing character Local variety is tasty, sweety, juicy, thin skin and shinning 
9 Market supplied Kathmandu, Butwal, Narayanghad, Birganj
10 Storage No need, directly sold

11 Problems Training on post-harvest, Export start, grading, labelling 
and tagging 

12 Suggestion Storage facility, post-harvest training 

Key informant survey (KIS)
KIS was conducted in the month of Poush 2080 with Mr. Liladhar Paudel, Chairman of 
District Coordination Committee (DCC), Kaski and Province level different office chief 
namely Mr Basudev Regmi, Director General of Directorate of Agriculture Development, 

Figure 3. Traditional supply chain of mandarin orange in Kaski
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Chief of Agriculture Knowledge Center (AKC) Kaski Mr. Kiran Sigdel, agriculture section 
chief of Pokhara Metropolitan City Mr. Manahar Kadariya and Prime Minister Agriculture 
Modernization Project (PMAMP) Kaski chief Mr. Roshan Adhikari concluded the cultivation 
of mandarin orange has been practiced before 50 years ago in Kaski and at first sapling has 
been introduced from Malepatan Krishi Farm Pokhara all over the district as well as other 
neighboring district also. mandarin orange has also value in cultural aspect like Prasad in 
Thulo Ekadashi, Maghe Sankranti. Almost all mandarin orange grower farmers around Kaski 
district are growing local mandarin orange. Mandarin orange cultivation practice is followed 
by pit digging, composting, manual weeding, irrigation, training/pruning etc. In Syastri and 
Chayrpe area, problems occur in declining orchards due to attacking of insects and pests and 
poor orchard management. Comparatively, Kristi-Dopahare area mandarin orange orchard 
quite seems good position as compared with Syastri Chyarpe area. Majority of the farmers 
used to harvest the fruits from Mangsir to Magh and directly sell to wholesaler/thekedar. 
For promoting Kaski mandarin orange, tagging should be done by the local and provincial 
Government with local identification. Key informant has suggested for qualitative and 
quantitative mandarin orange production, disease free sapling and resistance variety over 
climate change should be developed by the government and concerned authority.

Conclusion
It was concluded that Kaski district of Gandaki Province, mandarin orange identified as it has 
special characteristics of taste and with their own traditionally managed cultivation practice. In 
historic perspective, the cultivation was found to be initiated from early 20th century utilizing 
the native landraces. The identified native landrace was found to be superior in terms of sweet 
taste, juiciness, thin layer skin outer and inner, relatively average size and golden color than 
other available in the market.  The demand of such landrace is also high in local market felt that 
conservation is must. In this context, this genotype is needed to be conserved with identical 
GI by Ministry of Industry, Commerce and Supplies along with related native knowledge and 
new invention developed over the period. The activity about exploration, registration and 
utilization can protect the genotype from this area ultimately promote the citrus industry of our 
country as well as very important genetic accession for coming generation in future.
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Abstract 

Mandarin orange belonging to the family Rutaceae, is one of the promising fruit of Nepal, widely 
cultivated throughout mid-hill region. The survey was conducted in order to provide Geographical 
Indication (GI) of local mandarin orange, to assess the cultivation status and practices of farmers, 
to have an insight into the problems faced by them and to document their indigenous tradition 
knowledge and innovative technologies. The survey (farmer, consumer, key informant, market, 
focus group discussion) was conducted in Dhankuta district altitude ranging from 1,200 meters to 
1500 meters above sea level. To perform the survey, a well-planned questionnaire was developed by 
collaborative efforts of Genebank and NCFD. Mandarin orange production in the locality was started 
from BS 1825 while the farmers reported that they had established their own orchards between years 
ranging from BS 1825 to 2070. The name ‘Suntala’ was believed to exist because of the color and 
value resemblance to gold, while in Rai language mandarin orange is also named as Suntolong and 
choubasi. Mandarin orange not only holds a monetary importance among farmers but also has a 
cultural importance as it is used as offering in several festivals. Orange festival (Papani) is also 
celebrated in a year. Respondent had no problem in marketing however suggested the government  
of cold store, irrigation, price fixation policy, expert help and to develop superior variety. Khoku 
local is easily found in the market and was preferred by consumers for its juiciness and sweet taste 
and thin skin. The major problem in trade of the produce was reported to be higher commission 
(<7%), lack of proper packaging, labelling and tagging.  

Case Study for Geographical Indication of 
Mandarin (Citrus reticulata Blanco) in Dhankuta 
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Introduction
Nepal has a diverse climate ranging from terai to mountain region. In each 15-20 m altitude, 
diverse climate can be feel. Due to the diverse climate, different types of fruits are growing in 
different regions. Mandarin orange has occupied its space from 1000 m to 1500 m above mean 
sea level (Prasad & Chandra, 2019). Main mandarin orange growing districts of Nepal are 

Keywords: Mandarin orange, Genetic diversity, Landrace, Geographical indication
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Illam, Panchthar, Terathum, Sankhuwasava, Dhankuta, Bhojpur, Sindhuli, Ramechap, Kavre, 
Dhanding, Parbat, Gorkha, Lamjung, Tanahun, Kaski, Shayanja, Gulmi, Arghakhanchi, 
Salyan, Dailekh, Dadeldhura, Baitadi and Darchula districts (Pokhrel, 2011).

Mandarin orange (Citrus reticulata Blanco) is a diploid fruit crop with a chromosomal count 
of 2n=2x=18 (Usman & Fatima . 2018) belongs to the family Rutaceae (Mudyiwa et.al., 2020). 
Mandarin orange is a most promising fruit crop that stands in first position of the total fruit 
industry in Nepal (Pun  and   Thakur, 2018). Since mandarin orange is a non-climacteric and 
perishable fruit, it cannot be kept for a long-time during transportation and storage (P.R. et al., 
2016). Mandarin orange fruits can be kept hardly for 1 - 2 weeks depending upon temperature 
and humidity (Paudyal et al., 2015). In Nepal, the climatic condition of mid-hill region having 
altitude range of 800 m to 1400 m from east to west of the country are considered favorable 
for all types of citrus fruit cultivation (Pokhrel, 2011). 

The productive area of citrus is estimated to be 27339 ha and the fresh fruit production is 
274140 mt with the productivity of 10.03 mt/ha (MoALD, NCFD 2019/020). It is the most 
prioritized fruit crop for commercialization in mid hill/ hilly area (APROSC,1995). 

Citrus, particularly the mandarin orange is the most important and highly commercial fruit 
crop in the hills of Nepal (Bhattarai et al., 2013). Mandarin orange contributes to augmenting 
food availability, improvements in nutrition, generation of employment and income and also 
helps in maintaining the environment (Shrestha, 2015). 

Mandarin orange trees are low woody shrubs commonly measuring between 3.6 to 4.5 m 
in height. However, these spiny trees can sometimes grow up to 8 m tall. Mandarin orange 
fruits are globose to oblate in shape with a shiny skin that comes in a range of colors from 
green, greenish-yellow, yellow to golden. Their skin is thin, peels easily and encloses flesh that 
can separate into nine to fifteen wedges. The segments are covered with a very thin, edible 
transparent skin. The fruit’s flesh is pale orange in color and juicy. Seeds, if present, are small, 
oblong and inedible (Albert, 2016).

Objective of the survey
Survey was conducted for providing Geographical indications (GI) (place names used to 
identify the origin and quality, reputation, patient right or other characteristics of products) to 
mandarin orange of Dhankuta district. 

	To identify the origin of mandarin growing in Dhankuta District
	To collect GI related information
	To collect indigenous traditional knowledge related to mandarin orange

Methodology
This study employed a comprehensive research methodology comprising of literature review 
and field survey. Both primary and secondary sources were utilized as the source of information, 
both qualitative and quantitative information were collected.
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Literature review
Extensive literature review was done to gather 
background information and insights on 
mandarin orange cultivation, market trends, 
and consumer preferences.

Site selection
Before selecting the sites, detailed discussion 
was held in the NCFD offices representing 
from Department of Agriculture (DoA), 
Genebank, senior horticulturists from Nepal 
Horticulture Society (NHS). Based on the 
history of mandarin orange cultivation, the district Dhankuta was selected for conducting 
the survey. Similarly, survey sites were selected based on the discussion with Agriculture 
Knowledge Center (AKC) and Prime Minister Agriculture Modernization Project (PMAMP) 
staff considering the known history of orange farming and major pockets of area coverage. 
These sites were selected on the basis of production history and productivity of mandarin 
oranges

Questionnaire preparation
To perform the survey, a semi-structured questionnaire was developed by the team of Genebank 
and NCFD.

Data collection
The primary information was collected mainly through field survey, orchard visit, Key 
Informant Survey (KIS) and Focus Group Discussion (FGD) while secondary information 
was collected by reviewing of various documents, government reports and related research 
papers. 

Farmers' household Survey: Household survey was conducted during the month of Mangsir 
2080 by a combined team (NCFD & Genebank). Semi structured questionnaire was used for 
collection of the information from mandarin growers. Total 37 farmers were interviewed from 
two production sites of Dhankuta - 3 Sipting and Sahidbhumi-4, Khoku Chhintang, selected 
purposively with the help of key informants. The detail information about the history and 
practices adopted for mandarin orange farming, socio-economic status of household was 
discussed in interview. 

Focus Group Discussion (FGD): After completion of household survey, FGD was conducted 
in 5 different locations with a total of 36 farmers with the help of checklist to verify the 
information obtained from household survey.

Also discussed about the problems and strategies to increase adoption of improved practices 
for madarin orange cultivation. 

Figure 1. Survey location of Dhankuta (Sipting and 
Khoku Chintang)
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Key Informant Survey: This survey was done in three offices. The key informants were staff 
from PMAMP, Project Implementation Unit (PMAMP PIU), AKC, Dhankuta and National 
Citrus Research Program (NCRP) Paripatle, Dhankuta. They were asked a series of question 
about present scenario of madarin orange cultivation and status of orchard management.

Market survey: Market survey was done in Dhankuta, Dharan, Yale Yale (local market of 
Khoku Chhintang) market with 6 retailers. Retailers of the mandarin were asked about the 
market status of the mandarin orange that included the mandarin produced from Dhankuta 
area along with import from other areas, demand and supply status and consumer preference.

Consumer Survey: Five respondents were involved in the consumer survey to identify the 
consumer preference, taste of madarin orange and market scenario of mandarin.

Quality testing (Organoleptic and brix testing): A customized 6-point hedonic scale 
organoleptic evaluation sheet was prepared and replicated to test the overall perception of the 
quality of the madarin oranges from the study sites. Each test was conducted with 12 office 
staff members from the National Center for Fruit Development, NARC, members of the Nepal 
Horticulture Society. Similarly, the TSS content of the orange samples was measured in the 
field using a refractometer. 

Results and discussion
The survey provides a comprehensive understanding of various aspects of madarin orange 
cultivation, socio-economic implications, traditional knowledge and market dynamics of 
study area of Dhankuta district. Table 1 illustrates an overview of the household survey.

Table 1. Cultivation practice of mandarin followed by farmers

S.N. Description Activities/Percentage

1
Initiation of orchard 
establishment

BS 1825

2 First sapling introduced Khoku jungle named Mujure Cherpa Samudayik Ban  

3 Land type Slopy, plain, terrace

4 Land preparation Most farmer follow primary tillage 

5 Layout Few farmer 

6 Pit digging 62%

7 Compost pitting Most farmers follow

8 Plant to plant distance Most farmers keeping distance of 4-5 meter.

9 Varieties growing Widely Khoku Local/ Unshiu, Murcott for testing only



143
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

S.N. Description Activities/Percentage

10 Sapling types (grafted, 
seedling) Many farmers seedling, some grafted sapling

11 Planting month Most in Ashadh-Shrawan month

12 Weeding method Physical method

13 Intercropping Some farmers are practicing with cereal crops and 
vegetables

14
Application of fertilizer for 
manuring

Many farmers are applying compost while some of them are 
also using chemical fertilizer NPK

15 Irrigation Mangshir to Baisakh

16
Insect pest types and 
control

All farmers are facing problems and management is done 
insecticides and pesticides.

17
Difference between 
applying chemical fertilizer 
verses compost 

Yield increased in chemical but quality deteriorate

18 Ripening time Stars from Mangshir

19 Harvesting period Mangshir-Falgun

20 Direct sell/ store All farmers sell directly to Thekedar

21 Market Dhankuta, Dharan, Hile, Biratnagar, Itahari, Urlabari

22 Training/ prunning Most farmers follow training/ pruning after harvesting 

Farmers' household survey
Gender participation: Farmer’s Household survey was 
conducted with 37 farmers (29 men and 8 women) of different 
age groups ranging from 30 to 78 years (Figure 2) from two 
production sites, Khoku Chhintang and Sipting. 

General information about mandarin orange cultivation in 
Dhankuta: The findings reveal that mandarin orange cultivation 
in Dhankuta has a long history, dating back to early nineteenth 
century. Based on the household survey, cultivation of mandarin 
orange in Dhankuta district was started on BS 1825 however, 
farmers have initiated commercial orchard from BS 1850 
onwards. 

Figure 2. Gender participation 
in survey
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The name Suntala came from the fact that the color of the fruit resembles color of gold. Also, 
it is associated with an ancient tale that in ancient times, one of the farmers sold his gold 
jewellery and planted mandarin orange plants. Later on, after producing fruits he sold and 
bought the same amount of jewellery. Comparison with gold, the same amount of gold was 
later, so named SUNTOLA then the words Suntala formed (farmer Mitra Bahadur. Rai), looks 
golden colour (Suun in Nepali) and 
fruiting in different stories / floor/
layer then mandarin orange is named 
as Suntala: ;'gsf] tnf (farmer Min 
Bahadur Karki and Kamala Ghimire). 

Almost all farmers are growing 
orchard in sloppy land however, 
some of them are growing in plain 
and terrace land. Majority of orchards 
established in mid hills, altitude 
ranging from 1107 to 1472 masl.  
Details are illustrated in Figure 3. 

In the study area, farmers have 2 - 60 ropani of total land where mandarin orange has been 
grown in 2 to 21 ropani. Figure 4 shows the area coverage 
by mandarin orange where 52% area, out the total cultivated 
area, is covered by mandarin orange. 

A single farmer is growing 50 to 900 mandarin orange 
plants in their land. 
According to the 
survey 24% farmers 
are growing more 
than 250 mandarin 
orange trees whereas 
81% of farmers 
have more than 100 
trees. Details are 

presented in figure 5. 

There are many citrus nurseries established by the 
farmers. Some of the famous nurseries are Indra Falful Nursery, Katuwal Niji Nursery, Ghimire 
Nursery, Khusi Falful Nursery, Khadka Integrated Nursery, Devaka Nursery etc. Sapling of 
Khoku local mandarin orange is sold to other districts where mandarin oranges are growing 
especially sapling are exported to Ramechhap, Sindhuli, Kavrepalanchowk, Taplejung, 
Panchthar, Bhojpur, Sankhuwasava, Gorkha, Dhading, Dailekh, Salyan district.

Figure 4. Area coverage of 
Mandarin orange in Dhankuta.

Figure 3. Mandarin orange growing altitude in Dhankuta

Figure 5. Percentage of farmer 
growing no. of mandarin orange trees
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Cultivation practices of mandarin orange 
in Dhankuta 
Planting method: The plantation of mandarin 
orange was mainly done in the month of 
Ashadh-Shrawan. The planting method adopted 
by farmers are presented in figure 6. It shows 
that majority (62%) of the farmer are planted 
mandarin orange saplings without digging pit. 
They are also not applying any fertilizers before 
plantation. Only 30% of farmer has prepared 1 
m3 pit for planting sapling and also applied fertilizer of about 50 kg/pit. Remaining 8% of 
farmer has practice of digging pit size up to 0.5 m3. The planting distance adopted by farmers 
are up to 4-5 m.                                                                             

Farmers were predominantly growing the Khoku local variety, known for its high juice content, 
sweetness, and thin skin. However, some farmers are experimenting with other varieties like 
Kinnow, Murcott and Unshiu. Most of the farmer are using seedlings and few are grafted 
saplings. In Khoku, the sapling was developed from the old plant which was grown by their 
ancestors and Sipting farmers have brought the sapling from Khoku-Chhintang and NCRP 
Paripatle. 

Weed management in orchard was done by hand weeding and slashing the weeds by sickle. 
Farmers were practicing inter-cropping with leafy vegetables, cauliflower, cowpea, finger 
millet, ginger, turmeric, maize in orchard. Respondents mentioned that the height of the 
mandarin orange tree reached up to 4 to 8 m.

Most of the farmers applied 60 – 90 kg of compost per tree. Very few farmers have applied 
chemical fertilizer by mixing NPK in nominal amount followed by irrigation from the month of 
Mangsir to Baishakh. According to respondents, chemical fertilizer has increased production 
volume but deteriorates fruit quality. Fruits are more juicy, tasty, shiny and sweeter on FYM/
compost used orchard.

Farmers have faced problems of different insect pest (citrus bug, aphid, scale insects, leaf 
miner, citrus psylla, fruit fly) and diseases (Powdery mildew, citrus decline etc.) and managed 
by applying different insecticides and fungicides available in local market. 

Generally ripening of fruits starts from Mangsir. Use of bamboo ladder, jute sack and bamboo 
basket (Doko) for harvesting fruit, use of ash for neutralizing the soil pH, Doko used for 
transportation are some of the indigenous traditional knowledge practiced by farmers.

Farmers are getting yield from 80 - 160 kg per tree both from seedling as well as grafted 
plant. The quality (taste, juice content, sweetness) and quantity in yield also differ based on 
different geography of orchard. They sell mandarin orange directly from orchard (Thekka) 
to wholesalers/ collectors and start harvesting from Poush to Falgun depending on altitude. 

Figure 6. Planting method applied by farmers
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Mandarin orange cultivation has brought socio-economic benefits to the community, 
contributing to increased income, social cohesion, and agricultural development. Furthermore, 
mandarin orange cultivation has attracted tourists during the harvest season, stimulating local 
economies and promoting cultural exchange. 

Due to lack of cold storage, farmers have to sell mandarin orange to wholesalers. Some of 
the farmers have practiced mandarin orange storage in tree, leaving fruits in the tree for 1-2 
months for storage. Mandarin orange is easily sold in the markets of Dhankuta, Biratnagar, 
Dharan, Itahari etc. 

Suggestion from farmers

 y Regular field visit (every month) by expert team, 
 y Provide subsidies to mandarin orange farmers for orchard establishment, irrigation, post-

harvest handling
 y Train farmers on orchard management as well as nursery owner to grow healthy sapling,
 y Cold store facility 
 y Develop disease resistant varieties adaptable to climate change. 
 y Price determination should be done by government
 y Provide identity to Khoku local mandarin orange 

Focus group discussion 
In Mangsir 2080, Focus group discussion 
(FGD) was conducted in two locations (Khoku-
Chhintang, and Sipting). Total 36 farmers (Men 
28 and women 8) were participated in discussion 
(Figure 7).  Table 2 shows an overview of FGD. 

Table 2: An overview of Focus group discussion

S.N. Description Conclusion

1 FGD conducted group 5 groups

2 No. of male and female participated 28 men/ 8 women
3 Year of cultivation Since 1825 AD

4 First sapling introduced
Khoku jungle named Mujure Cherpa Samudayik 
Ban  

5 Why named suntala Resembling golden and compare with gold
6 Evidences about suntala Song and papani festival
7 Land covered by mandarin orange 2000 ropani
8 Household growing mandarin actively 350- 400 

Figure 7. Gender participation in FGD
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S.N. Description Conclusion
9 Variety growing Khoku Local, Murcott, Unshiu

10 Sapling exported 
Ramechhap, Sindhuli, Kavrepalanchowk, 
Dhading, Gorkha, Taplejung, Sankhuwasabha, 
Dailekh, Salyan, Kailali, etc.

11
Indegenous traditional knowledge 
applied 

Ash, weeding, interculture, irrigation, training/
prunning, bamboo ladder, sack 

12
Positive and negative impact after 
establishing orchard

PMAMP declared pocket area, agriculture road 
developed 

13 Benefits of growing orchard
Awarded by government, tourist visit Dhankuta in 
mandarin orange season 

14
Changes in same variety growing in 
different geographic

Differs in size, taste, height of plants, leaf size, 
shinning of fruit, juice content

15 Attribute of growing variety Provide identity

16 Suggestion 
Subsidies to actual farmers, priortize for growing 
trifoliate sapling for disease free sapling growing, 
train farmers 

From the group discussion, following facts about cultivation of mandarin orange were 
visualized:

 y Mandarin orange cultivation was practiced from 1825 BS  
 y The seedling of mandarin orange was first-time introduced from Khoku jungle, named 

Mujure Cherpa Samudayik Ban and later on NCRP Paripatle has supported in distributing 
seedling/sapling. 

 y Daan Bahadur Rai has the oldest mandarin orange tree in Khoku-Chhintang and Indra Bdr 
Rai and Netra Ghimire in Sipting. 

 y Songs are also added by the name of mandarin orange and youths use to entertain by 
singing in dohori song in different activities, 

 y Mandarin orange has a cultural value since time immoral in different occasions like 
Ekadashi, Maghe-sankranti, Papani festival, Nwagi, Satyanarayan Puja etc. 

 y Active orchard growing farmers were 350-400 and have cultivated mandarin orange in 
800-2000 ropani. Mandarin orange cultivated lands were mostly sloppy land. 

 y Most of the farmers are growing Khoku local mandarin orange due to high juice content, 
thinner rind, sweeter taste and shiny. 

 y Farmers were facing the problem of insect pests and diseases such as citrus bug, aphid, 
scale insects, leaf miner, fruit fly, powdery mildew, citrus psylla, greening, CTV etc and 
managed them by applying different insecticides and fungicides available in the local 
market. 

 y Citrus Nurseries are also established in the study field. Sapling of Khoku local mandarin  
orange is exported to other districts. 
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 y Due to differences in geography, there is a difference in size, taste, plant height, leaf size, 
shining of fruit even in the same variety of mandarin orange. 

 y Mandarin orange fruit starts ripening from Kartik but harvesting starts from the month of 
Mangsir to Magh. Most of the farmers used to sell their fruits to traders (whole orchard 
selling). Due to lack of cold storage facility, nobody stores the fruits but some of the 
farmers have practiced storage for 1-2 months leaving the fruits in trees. Almost all farmers 
are following indigenous technology for pit digging, application of compost fertilizer, 
irrigation and training/pruning.  

 y Mandarin orange cultivation has provided the positive impact in orchard growing area 
like farmers have become socially economically and technically sound, income of farmers 
has also been increased, development of agriculture road in every village so that farmers 
can sell their products from their own farm, internal and external tourist use to visit in 
mandarin orange season, PMAMP has been implementing focused program (Citrus 
Zone) for mandarin orange production. Also, different prizes and awards are provided by 
government to the orchard growers. 

 y Subsidies to actual farmers, production of grafted sapling by using trifoliate rootstocks, 
selection of healthy mother plant for disease free sapling, training to nursery grower, regular 
field visit from expert team, irrigation facility, good marketing facility, development of 
disease resistance varieties are the main suggestion provided by the FGD teams. The FGD 
team also felt the positive impact while discussing the geographic indication to the Khoku 
local mandarin 

Key informant survey (KIS)
KIS was conducted in the month of Mangsir 2080 with three key informants (PMAMP 
Dhankuta-1, NCRP Paripatle/NARC-1 and AKC Dhankuta-1). According to them, cultivation 
of mandarin orange has been practiced before 200 years ago in Dhankuta and at first sapling 
has been introduced from Khoku-Chhintang to all over the district. Major mandarin orange 
growing areas in the district are Khoku, Bodhe, Chha Number Budhabare, Muga, Budhi 
Morang, Paripatle, Dandabajar, Mudhe Bas, Sukrabare, Chhintang, Aankhisalla, Chunbang, 
Sahidbhumi, Sipting etc. Resembling the color of gold, mandarin orange has been named 
as Suntala, songs related with mandarin orange used to sing by local people in different 
occasions like “vfpF t eg] cldnf] ;'Gtnf, cldnf] ;'Gtnf, gvfpF eg] b'j}sf] Hofg hfnf, g/f]p dfofn'” …… 
Mandarin orange has also cultural value  like Prasad in Ekadashi, Maghe-sankranti, Nwagi 
etc. Rai community also used to make wine for their festival Papani. Around 350 farmers 
are growing Khoku Local mandarin orange orange however some farmers also are growing 
Unshiu (Japanese variety) for testing only. 

Cultivation practice followed by farmers were pit digging, composting, weeding by physical 
method, irrigation and some training/pruning. Problems faced were declining orchards due 
to insect pests and diseases, no cold storage facilities for storage of harvested fruits. Most of 
the farmers start harvesting fruits from Mangsir and goes up to Magh. They directly sell to 
collectors (Thekdar)/wholesaler/traders. 
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Depending on size of orchard (number of plants), farmers have got an income ranging from 
4-20 lakhs in a year. Due to varying geographic condition, there is a difference in plant vigor 
(plant height) as well as quality and quantity of fruits such as size, taste, shining of fruits, 
color, juice content etc. even in the same varieties. 

According to the key informants, farmers are supported through training, subsidy for area 
expansion, irrigation, quality saplings, output based incentives. PMAMP has implemented  
mandarin orange zone programs. Also, different prizes and awards were provided by 
government to orchard growers. Tagging with local identification is good for the promotion 
of the Dhankuta mandarin orange, however they suggested first for promotion of production 
volume (quantity) as well as fruit quality, production of disease-free sapling and resistance 
variety for which concerned governmental institutes should worked on these issues. 

Consumer survey 
Consumer survey was conducted with five people (Men-2 and Women-3) of different age 
groups. Table 3 shows the summary of consumer survey. 

Table 3: An overview of Consumer survey

S.N. Description Response

1 No. of Respondent 5
2 Access of getting mandarin orange in market Yes
3 Price of mandarin orange (season and off season) Rs 60-90 and 150 per kg  
4 Choice of Variety in market Khoku local
5 Location of growing Khoku, Chhintang
6 Qualitative characters of choosing Sweet, juicy, tasty, skin layer 
7 Time of availability of mandarin orange Mangshir-Falgun
8 Problems Low price in local market
9 Suggestions Grading, storage, free sapling

According to the respondents, Khoku Local mandarin orange is easily available in the market 
of Dhankuta in Rs 60 - 120 per kg in season and 100 - 160 per kg in off season depending on 
different months. Generally, Khoku local mandarin orange occupied the market in season but 
in off season Indian and Chinese mandarin orange also get some space for few months, Due to 
sweet taste, high juice content, shiny, thin skin, appropriate size consumer prefer Khoku local 
mandarin orange than other varieties, The preference of Indian mandarin orange lies next to 
Nepali mandarin orange. 

In comparison with Indian and Chinese mandarin orange, Nepali mandarin orange is sweet, 
juicy, shining, thin layer of skin, size is also on average from Khoku Chhintang region. Their 
family members also prefer Khoku local mandarin orange. Respondents suggested for traders 
that they should provide mandarin orange after main season also by storing them in cold 
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storage; however, they feel the unavailability of storage facilities and suggested the government 
for infrastructure development. They have declared that the main cause of mandarin orange 
declining problem is due to various insect pest attacks, therefore the government, researcher 
and related technicians should pay more attention to solve the problem of citrus declining. 

Market survey 
Market survey was conducted with six traders/retailers 
of Dhankuta market. There is different marketing 
channel practiced (Figure 8) for mandarin orange. 
Table 4 shows an overview of market survey. 

Table 4: An overview of Market survey

S.N. Description Response
1 No. of respondent/ traders 6
2 Experience of selling mandarin 5 – 20 years
3 Most preferred location Khoku Chhintang
4 Variety sold Mostly Khoku Local, Indian and Chinese

5
Priortized location/var. for 
selling

Khoku Local from Chhintang

6 Price of mandarin 60- 80 per kg / 160 per kg 
7 Easily sold or not Easily

8 Distinguishing character 
Khoku Local is tasty, sweety, juicy, thin layer skin and 
shinning like golden in comparision with others

9 Market supplied Dhankuta, Dharan, Itahari, Biratnagar, Urlabari, Birtamod
10 Storage No storage, fruits are directly sold to market 
11 Problems 7% commission to wholeseller,grading, labelling
12 Suggestion Avoid commission, storage facility 

According to retailers, they are selling mandarin orange from 5-20 years to different location 

of Dhankuta (Kagate, Seule, Sipting, Patle, Paripatle). Because of consumer preference, they 
sell Khoku Local mandarin orange from Chhintang first rather than other areas of Dhankuta.  
Secondly, they sell Indian mandarin orange and thirdly Chinese mandarin orange in off-season. 

Traders used to sell mandarin orange fruit at the rate of 60-80 NPR per kg in season and in 
off season it goes up to 160 per kg. Mostly business of Dhankuta mandarin orange remains 
seasonal. According to them, Dhankuta mandarin orange can be distinguished by taste, 
sweetness, juicy, thin skin and gold shining. Dhankuta mandarin orange has also occupied the 
space in other market (Dharan, Itahari, Biratnagar, Birtamod, Urlabari).  Due to lack of cold 
storage, all of the mandarin orange used to sell in season and they are selling mandarin orange 
from 50 kg - 2 ton per day and earning up to Rs. 130000. 

Figure 8. Market channel of mandarin orange in Dhankuta
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Khoku Local is more in demand due to large size, sweet, juicy, thin and shiny skin. Local 
mandarin orange can be purchased only for 4 months (Mangsir-Falgun). During discussion, 
tagging fruit with proper identification of Dhankuta mandarin orange, it would be better for 
fetching good price as consumers know the product. Main problems in trading mandarin orange 
are commission (commission 7% to wholesaler) and minimum post-harvest practices such as 
grading, labeling and packaging. They have suggested for provision of low commission rate 
as well as cold storage facility from concerned stakeholder.

The market efficiency can be enhanced through promotion of fair-trade practices, stakeholders 
must explore strategies to streamline supply chains, improve market infrastructure and empower 
small-scale producers and traders. It is also necessary to explore large area for marketing for 
better prices and fair competition. This can only be achieved if proper introduction of landrace 
to the consumer is made. 

Evidences for Geographical Indication (GI) 
 y The crop has deep-rooted cultural significance in the region.  In Rai language mandarin 

orange is named as Suntolong and Choubasi, 
 y Rai people use to celebrate different types of festival adding the importance of mandarin 

orange like Thuloekadashi, Mangsir purnima, Maghe sankranti, Satyanarayan puja, 
Shreepanchami, Udhauli, Uvauli, Nwagi etc. 

 y Songs: Local Dohori, “vfpF t eg] cldnf] ;'Gtnf, cldnf] ;'Gtnf, 

	 	 	gvfpF eg] b'j}sf] Hofg hfnf, g/f]p dfofn'” …… 
 y Festival: Papani, Thulo-ekadashi 
 y Sapling introduced: from Khoku Jungle (Mujure Cherpa Samudayik Ban) 
 y Naming of mandarin orange: Resembling gold, fruiting in different stories, comparison 

with gold. 
 y Chinese travelers: 2000 years ago, tale golden fruit. 
 y Bantawa Rai community introduced from Khoku jungle. 
 y Qualitative and Quantitative characters: average size, shape, thin skin layer, shiny, 

juiciness, sweetness.
By analyzing the various aspects of mandarin orange, genotypic qualities, cultural value, socio-
economic benefits and the consumer preferences, the landrace can be considered a valuable 
and potential genetic resource which can govern the citrus sector of the country. This can be 
achieved through immediate action of conservation, declare origin and GI registration process 
by the concerned authority.

Conclusion 
The mandarin orange cultivated in the Dhankuta was found to have superior characteristics 
of taste and with locally managed cultivation practice. The cultivation was initiated from 
early nineteenth century utilizing the locally available landraces which was introduced from 
Khoku jungle (Mujure Cherpa Samudayik Ban). The Khoku Local landrace was found to be 



152
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

superior than any of the Indian and Chinese variety available in market with distinguishing 
characteristics of sweet taste, juiciness, thin skin layer, relatively average size and resembles 
gold shiny appearance. Despite facing challenges such as insect pests and decline, mandarin 
orange cultivation has brought socio-economic benefits to the community, contributing to 
increased income, social cohesion, and agricultural development. The demand of fruit is also 
high in local market. Being the landrace with high potential of superior genetic resource, this 
genotype needs to conserved with proper GI by concerned authority with related traditional 
knowledge and new innovation developed over the period. 
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Introduction
Among the various types of fruits cultivated in the subtropical mid-hills of Nepal, mandarin 
oranges are the most dominant and widely grown. According to data of 2022/23 total area of 
citrus is 49469 ha., productive area 33554.2 ha., production  317910 mt. with productivity of 
9.48 mt./ha. in which mandarin orange total area of cultivation 28451 ha. productive area 19897 

Abstract 

Mandarin orange (Citrus reticulata Blanco) is an importance fruit crop of subtropical mid-hills of 
Nepal.  Among subtropical region, Parbat district specially Banskharka is popular area for mandarin 
orange cultivation due to favorable micro-climate condition for mandarin orange. mandarin 
orange cultivation in Banskharka plays a crucial role in the local economy and livelihoods due to 
favorable agro-climatic conditions and traditional farming expertise. However, mandarin orange 
cultivation and its historical evidence in Banskharka Parbat was not studied yet. So, in this study, 
scientific evidence of the longstanding cultivation of mandarin orange in Banskharka, Parbat 
district, with the goal of supporting the geographical indication (GI) designation for mandarin 
orange orange in this region was collected. Utilizing multi-method approach, including literature 
review, farmer’s household survey, market survey, consumer survey, key informant survey 
(KIS), and focus group discussions, data were collected and analyzed using Microsoft Excel. 
Passport data documenting distinctive characteristics of mandarin orange trees from Banskharka, 
Parbat was also recorded. Oldest (over 100 years) as well as newly commercially established 
mandarin orange orchard were found in Banskharka Parbat, native variety seedling were brought 
from Directorate of Agricultural Research, Gandaki Province. Kushma Parbat, Pokhara, and 
Kathmandu are the main wholesaler as well as retailer market for oranges of these areas. Two 
different landrace Banskharka local and kamala which were grown since years ago. Mandarin of 
Banskharka Parbat were popular as a late variety with highly juiciness, and sweet taste, boasting 
an average brix content of 11.7±0.4 on Banskharka local and 14.6±0.3 on Kamala.  
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ha. production 199195 mt., total productivity 10.01 mt./ha. Among the 77 districts, 65 districts 
cultivate mandarin orange and 48 districts commercially cultivate mandarin orange. Further, this 
is a high-value commodity with strong demand in domestic and international markets. (NCFD, 
2021) However, the citrus production is not sufficient and satisfactory to meet the demand of 
the country (Dahal et al., 2020). In Nepal, citrus is grown at 800- 1400 meter above mean sea 
level. Citrus get most favorable climatic condition in the eastern and western mid hills of Nepal 
with annual mean temperature 17-20 degree Celsius and annual rainfall ranging from 1000-
2800 mm (Srivastava and Singh, 2002). There is high potential of mandarin orange cultivation 
in mid hills of Nepal. Major mandarin orange producing areas are Myagdi, Parbat, Baglung, 
Syangja, Gorkha, Solukhumbu and Lamjung and so on. Orchard management is the major factor 
to enhance the total production of mandarin orange (Banerjee et al., 2008) Parbat district is 
also well known for commercial production of high-quality mandarin oranges due to climatic 
suitability, soil conditions and market demand. It covers 827 hectares of land in the district with 
annual production of 4290 metric tons and productivity of 9.92 mt. per hectare (MoALD, 2022) 
which is still less than the national mean productivity. Mandarin orange has high nutritional 
value, including vitamin C, sugars, organic acids, fiber, phenols, and other nutrients, making 
them widely consumed as fresh fruit. (Gautam and Bhattarai, 2006).

Geographical Indication (GI) protection presents a valuable opportunity to preserve the 
reputation and integrity of mandarin orange grown in Parbat, ensuring fair recognition and 
enhancing market value for local producers. By linking the product to its geographical origin 
and unique characteristics, GI status can prevent the misuse and unauthorized use of the Parbat 
name, thereby safeguarding the interests of both farmers and consumers. As such more than 
100 agricultural products have potential for geographical indication (GI) tag in Nepal (Joshi et 
al. 2017). Currently, there is a policy provision for GI, and the Ministry of Industry, Commerce 
and Supplies is still in the process of developing its legal registration system (Joshi et al., 
2017).  

Manakamana local, Banskharka local and Khoku are some prominent juicy landraces of 
oranges in Nepal with high market values. This paper focuses mainly on the study and 
collection of primary data thereby accelerating the efforts that is needed to document and 
preserve traditional knowledge, heritage varieties, and farming practices associated with 
orange pocket areas in Parbat district of Nepal. Mandarin orange cultivation in Banskharka 
significantly contributes to the local economy and livelihoods due to favorable agro-
climatic conditions and traditional farming expertise. However, the historical evidence of 
mandarin orange cultivation in Banskharka, Parbat has not been studied yet. In this study, 
we collected scientific evidence of the longstanding cultivation of mandarin oranges in 
Banskharka, Parbat district, aiming to support the geographical indication (GI) designation 
for oranges in this region.

Methodology
The study was carried out in the mid hills of Gandaki province Banskharka which lies in 
Jaljala Rural Municipality of Parbat district.
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Figure 1. Surveyed site Banskharka, Parbat

Data collection
Household survey
The detail information about the socio-economic status, recommended practices adopted, 
household information was discussed in interview schedule. 44 respondent farmers were 
involved in household survey. The interview schedule was used to collect the information 
from the selected purposively farmers of mandarin orange zone.  

Focus group discussion
One Focus group (23 males and 3 females) discussion was conducted at the study area after 
completing interview schedule with the help of checklist to verify the information obtained 
from household survey and discussed about the strategies to increase adoption of improved 
practices in mandarin orange zone area. 

Market survey
Five respondents were involved in the market survey. Traders of the mandarin orange were 
asked about the market status of the overall mandrin orange that included the mandarin 
orange produced from Banskharka area along with other areas their demand supply status and 
consumer preference. 
Key informant interview
The major key informants were farmers, and Agriculture Knowledge Center, Prime Minister 
Agriculture Modernization Project, Project Implementation Unit (PMAMP PIU). They were 
asked a series of question about present scenario of mandarin orange cultivation and status of 
orchard management in Banskharka. 

Consumer survey
Five respondents were involved in the consumer survey. A survey was carried out with the 
consumer who consumed mandarin orange in the Banskharka area. Data collected was analyzed 
by using MS Excel 365.
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Result and discussion
Male and female respondent
Among the respondent 88.46% were male and 11.54% were female (Figure 2). More than 34% 
land were cultivated mandarin orange (Figure 3). 100% of the land was sloppy land. 

Figure 2. Male and Female percentage of 
respondent 

Figure 3. Average land (ropani) of respondent and average 
mandarin orange cultivated land 

Survey study found that the mandarin orange cultivation started in around BS 2000 to BS 2010. 
Though the mandarin orange cultivation started in 2000 to 2010 the commercial cultivation 
starts after BS 2050 (1993 AD).  There was no specific way how the name Suntala was given 
to mandarin orange. All of the respondent replied that the name Suntala was heard from other. 
All the respondent said that they were cultivating local mandarin orange and the cultivation 
was done in the terraces land.

The result showed that all the respondent satisfied on local type of mandarin orange. The local 
type mandarin orange is best where, 84.62 percent of the respondent used seedling form local 
and 15.38 percent of the respondent planting grafted seedling brought from Directorate of 
Agricultural Research, Gandaki Province (DoAR) Lumle. Year of plantation ranges from BS 
2015-2070. Average height of the trees was found to be 4.5 meter. Most of the trees were found 
to be 5 meters. Fruit trees started to bear fruit from the year range BS 2021 to 2075. 100% of 
the respondent farmer dug pit before planting the plants. Some of the farmers even burn their 
pits by using the dead leaves and others. 

The depth of the pit was also not uniform (1-3 feet). The average distance between 2 pit was 
found 3.5 meter. Majority of the farmer cultivate seedling from the seed. All the farmers 
transplant sapling during Ashadh to Shrawan for easy establishment of the plant as they get 
the water from rain. The study showed that the average application of compost is more in 
established orchard than before plantation. Farmers use at most 50 kg per plant manure to 
minimum of 15 kg per plant. On an average 37kg of manure per plant is used by the farmers. 
Only one third of the farmers used other fertilizer than manure. Especially use of Urea was 
found to be dominant along with DAP. Very few respondents (11.9%) used potash and other 
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micro nutrient in their orchard. Around 70 % of respondent have irrigation facility and nearly 
30 percent of the farmers had no irrigation facilities and they do not irrigate their field. Mainly 
manually (90%) weeding and only 10% respondent were using grass cutting for weeding. Only 
14% of respondents were intercropping with leguminous crop in mandarin orange orchard. 
Very few farmers also cultivated millet as intercrops. Farmer had no experience in difference 
in taste while using chemical or organic fertilizer. Most of respondents (65%) were facing fruit 
fly insect pest problem and managed as per recommendation of AKC Parbat, PMAMP PIU 
and DoAR Lumle. Yearly they use Bordeaux mixture for fungal disease management. 

Fruit starts to ripe from Poush and harvesting from Poush-Magh to Falgun. Farmer were directly 
selling to the dealer and not using cold store for storing mandarin orange. Fruit is mainly taken 
to Pokhara which is about 100 km from Banskharka. Some number of fruits are marketed to 
Beni and Kushma the district headquarters of Myagdi and Parbat district. There is no problem in 
marketing. One of the farmers reported the use cow dung for gummosis disease control. 

74% of the respondent did not know about the origin and one of the respondents reported that 
the seedling might have been brought from forest. Some said seedling were brought form 
Lumle. Farmers have no idea on how the name Suntala was given to mandarin orange. 

The respondent (100 %) claimed that the mandarin orange fruit of their place is juicier, sweeter 
and have loose skin, shinier and is a late variety than that of another place. It is found that 
diversity of mandarin orange in their orchard is Banskharka local and Kamala (Kamala is 
one of the landraces named by farmer). People of the Banskharka said the best mandarin 
orange is their local mandarin 
orange which is commonly 
known and Banskharka 
local mandarin orange and 
most of the respondents like 
Kamala landrace because 
this is relatively late ripening. 
Similarly, it was found 
that relatively higher TSS 
14.6±0.3 Brix on Kamala 
landrace and 11.7±0.4 on 
Banskharka local. Kamala 
was higher shining than the 
Banskharka local (Figure 4). 
The major problem for mandarin orange production in the Banskharka area is the road, which 
affects marketing facilities. A total of 88.46% of the farmers stated that road improvements 
are necessary to increase mandarin orange production in Banskharka.  Similarly, 46.15% of 
respondents face the problem of  irrigation and (11.53%) need more grant and government 
support. 

Kamala  Banskharka local 

Figure 4. Kamala and Banskharka local mandarin orange
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Market survey
Main source of income of Banskharka, Parbat was mandarin orange. Mostly the mandarin orange 
sold in Kusma and Pokhara. The season of harvest is late Magh so the price of the mandarin 
orange is nearly to the double the price (150 to 250 farm gate price) in the normal season. Till 
now there have been no marketing challenges as most of the farmers, almost all farmers directly 
sell mandarin orange to the contractors. Demand of Banskharka mandarin orange is higher and 
supply was less. However, problems was found on packaging and transport. Good packing and 
packaging facilities, along with strengthening the linkage between farmers and buyers, will 
contribute to significant economic growth and sustainable improvements in livelihoods. (Mare, 
2008). Retailers and wholesalers highlighted the superior taste, size and shine of mandarin orange 
from Banskharka. The local market also relies on external sources also they import mandarin 
orange during off season generally before the start of the season and at the end of the season. 

Consumer survey 
The mandarin orange of Banskharka has a very good shine, large shape and sweet taste, harvest 
at the late season when all the orange is finished from other place. Consumer mostly prefer 
local variety of the orange. Since the mandarin orange of the Banskharka is sweet and most 
preferable by the consumer, other area producing mandarin orange sell their mandarin orange 
in the name of Banskharka. So, tagging will be best to prevent other places to sell mandarin 
orange in the name of Banskharka. 

Key Informant  Survey (KIS) 
Key informant survey found that the mandarin orange was grown in the area since BS 2000. About 
213.5 ha area is under the mandarin orange cultivation in Banskharka. Mostly local variety of mandarin 
orange Banskharka local and Kamala are grown. Almost 95% of the farmers grown plants are from 
seed. The major problem in marketing of the mandarin orange is road. It is just 9 kilometer away from 
the main highway but not connect with good road and irrigation was also the major problem.

Focus Group Discussions (FGDs)
The focus group discussion took place in Bajarmare Suntala Utpadan Krishi Sahakari 
Sanstha which is located in Banskharka village of Jaljala Rural Municipality of Parbat district 
involving 26 farmers, comprising 23 males and 3 females. During the discussion, it was 
noted that a 100-year-old mandarin orange orange plant though its origins in the village was 
unknown. Locally, mandarin oranges are referred to as "Suntala," a term passed down through 
generations. There are no specific cultures related to suntal such as poems, songs, or festivals.

Suntala cultivation spans 213.5 ha. of sloping land across the village. In Bajarmare Suntala  
Utpadan Krishi Sahakari Sanstha is one of the important cooperatives dedicated to its cultivation. 
Local people receive different grants through cooperative. Agriculture Knowledge Center and 
PMAMP PIU distribute their grants through this cooperative. The mandarin oranges of the 
Banskharka orchards are relatively late to bear fruit compared to neighboring orchards and 
mostly harvested during the month of Falgun. 
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Almost all the farmers while establishing new orchards, dig pits and incorporate organic 
manure before planting. They use a border mixture and adopt irrigation practices. Chemical 
fertilizers are utilized by some of the farmers but they are not so popular. Major pests are 
fruit fly in co-operation with AKC, DoAR Lumle and PMAMP farmers are taught the control 
measure of the pest. They collect the fallen fruit in the plastic bag and safely dispose them. 
They even practice good sanitation in the field. 

Harvesting typically occurs from the last week of Magh to the last week of Falgun, with produce 
sold directly to the contractor without storage. Farmers have a great desire for government 
recognition through a Geographical Indication (GI), which would enhance market value and 
recognition for their product. 

Table 1. Overview of focus group discussion

S.N. Description Conclusion

1 FGD conducted group 1 group

2 No. of male and female participated 90.5% male and 9.5% female

3 Year of cultivation Since BS 2000

4 First sapling introduced Directorate of Agricultural Research, Gandaki 
Province 

5 Why named Suntala Mostly follow their parents

6 Evidences about Suntala Festival (Thulo Ekadashi)

7 Land covered by mandarin orange 4200 ropani

8 Household growing mandarin orange 
actively 44

9 Variety growing Local

10 Sapling exported Baglung, Parbat, Myagdi

11 Positive and negative impact after 
establishing orchard Bashkharka local variety registration 

12 Benefits of growing orchard Tourist destination place developed, home stay 
developed

13 Changes in same variety growing in 
different geography Farmer have no Information

14 Attribute of growing variety Local area identity

15 Suggestion Training for pest and disease control, Subsidies to 
actual farmers



160
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Table 2. Overview of farm household survey

S.N. Description Activities/Percentage
1 Initial orchard establishment 2033 BS

2 First sapling introduced
Directorate of Agricultural Research, Gandaki Province 
and Malepatan Krishi Farm

3 Land type 100% sloppy 
4 Land preparation Digging pit, fire on pit and putting fertilizer 
5 Lay out 100 % farmer follow standard layout
6 Pit digging 100 % farmer follow standard layout
7 Compost pitting 37.62±2.95 kg compost per pit 
8 Plant to plant distance 4.56±0.17 m
9 Varieties growing Mostly local (Raithane)

10 Sapling types (grafted, seedling)
84.62 % farmer practice seedling and 15.38% farmer 
plant grafted sapling

11 Planting month Ashadh-shrawan month

12 Weeding method Manually

13 Mulching 
Most farmers (100%) are practicing organic mulching 
and green manuring

14 Intercropping
Only 21.43% farmer practice intercropping  with cereal crop  
and vegetable crop

15
Application of fertilizer for 
manuring

100% farmer composting and applying chemical 
fertilizer  

16 Irrigation 70% farmer irrigated on Magh to Jestha

17 Insect pest types and control

All farmers are facing problems of insect pest and 
management is done based on chemical and IPM 
approach with technical support of DoAR, Gandaki 
Province and AKC Parbat

18
Difference between applying 
chemical fertilizer Vs compost 

Yield increased with chemical, quality enhance with 
composting

19 Ripening time Stars from Poush till Falgun
20 Harvesting period Magh – Falgun

21 Direct sell/ store Retailers and wholesalers

22 Market Kusma, Baglung, Myagdi, Pokhara, and Kathmandu

23 Training/ pruning Most farmers follow training/ pruning after harvesting 
24 Average fruit no./plant 674±39.12

25 Average plant no./farmer 391±260
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Consumer survey
Table 3. Overview of consumer survey

S.N. Description Response

1 No. of Respondent 5

2 Access of getting mandarin in market Yes

3 Price of mandarin (season and off season) Rs 100-300 and 150-300/kg  

4 Choice of variety in market Banskharka Local

5 Location of growing Kaski, Syangja, Myagdi, Gorkha, Parbat

6 Qualitative characters of choosing Sweet, juicy, tasty, skin layer 

7 Time of availability of mandarin 
Late variety available from last week of poush to 
Falgun

8 Problems 
Transport problem cause decline in quality of 
mandarine

9 Suggestions 
Transport facility, Training to farmers, Grading, 
storage

Table 4.  Overview of market survey

S.N. Description Response

1 No. of respondent/ traders 5

2 Experience of selling mandarin 2 – 13 years

3 Most preferred location Parbat, Kaski, Myagdi

4 Variety sold Mostly local, Indian and Chinese

5 Prioritized location/var. for selling Parbat, Kaski, Myagdi, Syangja, Gorkha 

6 Price of mandarin orange 150-250 per kg (Banskharka local)

7 Easily sold or not Easily (High demand less supply)

8 Distinguishing character Local variety is tasty, sweety, juicy, thin skin 
and shinning 

9 Market supplied Pokhara, Kathmandu

10 Storage Not in practice, directly sold

11 Problems Training on post-harvest, proper grading, label-
ling and tagging for export market

12 Suggestion Storage facility, Post-harvest training  
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Conclusion
The study showed that mandarin orange is being cultivated in Banskharka since BS 2000  
(1943 AD). Both old and new orchards of the areas are planting seeded seedling. The native 
orange variety is most popular, only very few farmers have planted grafted plants. Local 
oranges are known for their shine, juiciness, post-harvest lifespan and sweet taste. There have 
no any specific traditions or folk songs related to oranges. Almost all the farmers directly sell 
their oranges to contractors. There are no any storage facilities. Cultivation practices among 
farmers are largely uniform, with a focus on clean cultivation methods. Harvesting typically 
occurs from the last week of Magh to the last week of Falgun. Main problem of survey site is 
transportation. 
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Abstract 

Sankhuwasabha district is well known for having a long history of mandarin orange production. 
Identification of the existing mandarin orange landraces and knowing the traditional knowledge 
on mandarin orange production in such place is necessary to conserve valuable genotypes through 
Geographical Indication (GI). Thus, a survey was carried out to assess the mandarin orange 
diversities and existing mandarin orange farming practices in Sankhuwasabha district of Nepal. 
Altogether 40 respondents, 20 from each pocket area were chosen for the study with the help of 
key informants. Semi-structured questionnaire was administered for collecting the information 
from mandarin orange growers. Collected data were analyzed by using Microsoft Excel. Adoption 
of improved orchard management practice was poor in studied areas. Inadequate irrigation was 
the major problem perceived by the farmers. Farmers' experiences clarify the fact that Mangtewa 
is a native place for mandarin orange. Mandarin orange of this place is of high quality with less 
number of seeds, more sweetness and juice content, thus possessing necessary attributes for GI.

Status of Mandarin Orange in Sankhuwasabha District 
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Introduction
Citrus species constitute major fruits in mid hill region of Nepal (Paudyal et al., 2016). Citrus 
species grown commercially in Nepal are mandarin orange, sweet orange and acid lime. Among 
them mandarin orange is predominant with share of 60 percentage of the total citrus production 
in the country (MoALD, 2023). The fruit quality of local mandarin orange produced has been 
proven of best quality. Mandarin orange is priority commodity of government (Gurung, 2018). 
Mandarin orange is a high-value product with great demand in domestic and international 
markets. However, the mandarin orange production is not sufficient and satisfactory to meet 
the demand of the country (Dahal et al., 2020).
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Although there is a lot of controversy about the origin of citrus, various species of citrus 
are believed to be native to the Himalayan region, South East Asia and Malay Archipelago 
(Shah, 1992). According to Reuther (1967) mandarin orange is native of China and South East 
Asia and was extensively planted in China and Japan at a very early date. Chinese travelers 
have mentioned Nepal as “the country of golden fruits” in about 2000 years ago when they 
saw the yellow color of mandarin orange fruits at ripening stage (Lohar and Lama, 1997). 
Tanaka (1954) reported that mandarin orange was collected in Himalayan region, Burma and 
Indo-China. According to Bonavia (1890) as cited by Shrestha and Verma (1998) mandarin 
oranges were found in semi wild conditions at Butwal and concluded that mandarin orange is 
indigenous fruit of Nepal. These historical facts clearly indicate that mandarin orange is native 
fruits of Nepal and being cultivated from pre-historical period (Paudyal et al., 2016).

Geographical Indications (GIs) is an important tools to protect traditional products and 
knowledge unique to specific geographical regions. The uniqueness of particular product is 
essentially due to the place of origin.  Beyond legal protection, GIs contribute to maintaining 
biodiversity and genetic resources (Ingole et al. 2023). Genetic diversity of mandarin orange 
has got immense potentiality to raise the quality fruit production and productivity. In absence 
of identification, conservation and utilization of indigenous mandarin orange genotypes, we 
will loss of such valuable genotypes (Budathoki et al., 2004). Therefore, it is necessary to 
provide GI tag to the diversities of mandarin orange in different production area. In light of 
this, this study was carried out to explore diversities and indigenous knowledge on mandarin 
orange production in Sankhuwasabha district of Nepal.

Methodology
Site selection
The study was carried out in 2023 in 
Sankhuwasabha district of Koshi Province of 
Nepal. Sankhuwasabha district is well known 
for mandarin orange production. Mangtewa and 
Khadbari Rural Municipality of the district were 
selected for the study. Mangtewa is a remote 
village with long history of mandarin orange 
production that lies within Silichong Rural 
Municipality. These sites were selected on the 
basis of production history and productivity of 
mandarin orange oranges.

Data collection and analysis
Semi structured questionnaire was administered for collecting the information from mandarin 
orange growers. 20 mandarin orange growers from Khandbari Rural Municipality and 20 
from Mangtewa were selected with the help of key informants. Consumers and retailers of 

Figure 1. Map of Nepal showing the surveyed 
areas in Sankhuwasabha district
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mandarin orange were also interviewed in same way in order to find out the preference and 
market scenario of mandarin orange. Refractometer, zip lock bag and permanent marker were 
used while measuring the brix of fruits in the orchards visited. Focus group discussion was 
conducted at the study area after completing interview schedule with the help of checklist to 
verify the result obtained from farmer survey.

The primary information were collected mainly through field survey, orchard visit, KI interview 
and  FGD while secondary information were collected by reviewing of various documents,  
government reports and related research papers. Collected data were arranged, tabulated and 
analyzed by using Microsoft Excel.

Result and discussion
History of mandarin orange orchards
During the survey we visited the mandarin orange orchard that was in wild form in Alaichibari 
of Khadbari. In that area mandarin orange cultivation was first started with plantation of 300 
mandarin orange seedlings in middle of the jungle in BS 2005. The orchard owner migrated to 
new place and the orchard gradually turned to wild form due to lack of care and management. 
During the visit most of the orchard area was occupied by the wild trees but the surviving 
mandarin orange trees (almost 120) were in good condition with quality fruits hanging on 
the tree. Orchard was established by father, now his son (62 years old) has returned after 25 
years to take care of the orchard. Orchard is still surrounded by the jungle. Another study area 
in Khadbari was Pangma. Here mandarin orange cultivation was started from BS 2040 with 
commercial production almost after BS 2070.

Mangtewa is a remote area that is in Silichong Rural Municipality. This place carries a long 
history of mandarin orange production. Farmers visited during the survey said that mandarin 
orange was in cultivation since their forefather's times. Top Bahadur Rai, a mandarin orange 
grower in Mangtewa is 55 years old. Along with the new orchard he possess four mandarin 
orange trees that are 55 years old and on an average per tree production is 1300 pieces 
mandarin orange per year. Recalling the old days, he said that mandarin orange was cultivated 
by his grandfather for home consumption purpose. His grandfather shared him that he knows 
mandarin orange since his childhood. These experiences of farmers indicate that mandarin 
orange might be native to this place also. This fact is supported by the findings of Shrestha and 
Verma (1998) which states that some elderly farmers in a very remote village of Mangtewa in 
Sankhuwasabha district reported that there exist 100-150 years old mandarin orange trees of 
seedling origin that was collected by their forefathers from the jungles.

Furthermore, farmers from Mangtewa shared that there were many mandarin orange orchards 
in past. People used to carry mandarin orange for 3-4 days to sell in local markets. Some farmers 
used to carry mandarin orange while going to Dharan for buying salt. Marketing was the 
major challenge in mandarin orange production at that time. Due to this reason many farmers 
replaced the orchard with other crops and didn’t paid attention to the orchard. Moreover no 
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new plantation was done. Gradually the old mandarin orange orchards disappeared. Farmers 
share the bitter experience of disappearing of old orchards in this historical place might be 
due to these reasons and due to lack of technical assistance and interest from any sector. But 
the scenario has changed in recent years. With access to road and being approached by the 
collectors, marketing of the produce has become easier to some extent. This has driven the 
farmers towards commercial mandarin orange production again.

Characteristics of mandarin orange orchards
Orchards in both the location were south facing with loam type of soil. In Mangtewa, the location 
of surveyed orchards ranged from 1265 to 1425 masl and in Khadbari it ranged from 970 to 1145 
masl. The surveyed orchards were 25 % of larger size (100 and more than 100 trees), 55% of 
medium size (30 - 100 trees) 20 % of small size (less than 30 trees). Among the visited orchards, 
majority (75%) of the orchards were young with less than 12 years of establishment.

Quality of orange fruit
In Khadabari, the brix value of the mandarin orange was found to vary from 10 to 13 and in 
Mangtewa from 9 to 11. This measurement was taken in first week of Poush, 2080 but the 
mandarin orange harvesting starts from second week of Poush in Khadbari and from Magh in 
Mangtewa. This means that there was almost one month period for increase in value of brix in 
Mangtewa.  This fact is supported by Rokaya et al (2016) which stated that on later stage the 
TSS increases due to accumulation of sugars, increased level of dehydration and higher light 
intensity. The higher the brix, the better is the taste (sweetness) of the fruit. For better quality, 
brix reading should be 12 or more in mandarin orange oranges (Thapa et al, 2001). 

Few seeds (1-4) were observed in mandarin orange of both studied areas. Fruit from the 
seedling trees were with thin and tight rind that makes the peeling quite difficult while the fruit 
from the grafted trees were with loose, thick and less shiny rind. While comparing the fruits, 
fruits from Mangtewa were juicier with smooth and shiny appearance. Farmers stated that 
in higher altitude of Mangtewa mandarin orange with thick rind were also found. Variation 
in fruit appearance was found in Khadbari also. During consumer survey, 65% preferred 
mandarin orange from Mangtewa due to its sweetness and juiciness.

Use of planting materials 
Most of the orchards visited during the survey were using seedling as planting materials. 
Farmers used to produce seedlings necessary for them by themselves.  High quality fruits 
were selected from own or neighbor orchards for extracting seeds. In Khadbari 85% and in 
Mangtewa 90% of the visited orchard were of seedling origin and rest are using grafted sapling 
as a planting material brought from different sources. Orchards with grafted plants were very 
rare with 5% in both areas. Some farmers were found using both seedling and grafted as 
planting material.

Fruit nursery in Khadbari was also visited during the study. According to the key informants 
that was only the nursery near to the study areas and was just started with support of PMAMP 
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Figure 2. Planting materials used in study areas

PIU Sankhuwasabha. One of the reason for lesser use of grafted plants in study areas might be 
due to the less number of nurseries.

Plantation pattern
Farmers used to plant the seedlings at the 
edge of terrace in past. But later realized that 
production from such system was not profitable. 
During orchard visit in both surveyed areas, 
trees were planted in the middle of terrace. In 
Khadbari 85% farmers reported tree plantation 
in terrace and remaining 15 % in sloppy land. 
While In Mangtewa, 95% farmers reported 
tree plantation in terrace and remaining 5 % 
in sloppy land.

Practice of fertilizers application and 
irrigation
From the pie chart, it is clear that majority  
(85%) of the growers in Khadbari have practice 
of using FYM only and other 10% used 
chemical fertilizers along with FYM. Farmers 
using chemical fertilizers realize the fact that 
only application of FYM is not enough for 
bearing trees.

In Mangtewa after harvesting of intercrops 
most of the farmers have practice of tying 
domestic animals around the trunk of mandarin orange trees one after another. Dung and the 
urine were allowed to remain there and later ploughing was done.In both areas, there wasn’t 
any practice of using micronutrients. 

Figure 3. Plantation pattern followed in study areas                        

Figure 4. Fertilizer application practice in Khadbari
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Irrigation is an issue to all mandarin orange 
growers. Few growers use drinking water for 
hand irrigating their orchards during dry periods 
while remaining doesn’t practiced irrigation.

Inter-cropping
Inter-cropping was a general practice in both 
study areas. Millet (55%) was the dominant 
crop followed by maize (35%) and vegetables 
(10). Inter-cropping at initial stage of orchard 
establishment is profitable but continuing it in bearing stage is not a good practice. Ploughing 
during inter-cropping can damage the roots of the mandarin orange trees and also inter-
cropping leads to competition for the nutrients and water.

Harvesting of mandarin orange
Harvesting method used determines the marketability of mandarin orange. In both study 
areas, harvesting method was similar. They used handpicking with support from ladder to 
harvest and doko to collect the harvested mandarin oranges. None of the farmers used clippers 
for harvesting. But farmers in both areas were aware of the loss caused by harvesting the 
mandarin orange without stalk by plucking. Mandarin orange were pulled outward with 
rotating movement so as to avoid the rupturing of the fruit skin.

In Khadbari, harvesting was done earlier than Mangtewa. Harvesting starting from mid of 
Poush continues till Magh. While in Mangtewa harvesting was done from Magh to Falgun 
as collectors approached this area once the easily accessible areas were vacant.Thinking of 
the fact that the pre harvest contractors can injure the mandarin orange trees and give less 
price, farmers used to sell mandarin orange directly to the collectors after harvest. Most of the 
growers in Khadbari used to do harvesting through contractors while in Mangtewa harvesting 
by labor and own self was done

Marketing of produce
Major markets of mandarin orange produced in the district are Dharan, Jhapa, Morang 
and Sunsari. Various marketing channels based on farmer's perspective through which the 
producers pass their produce to the consumers were recorded. The marketing channels are 
presented as follows: 

Mainly selling of the produce was done through the marketing channel I (60%) while the 
channel III was practiced mainly by the small orchard holders. Farmers sell mandarin orange 

Figure 5. Crops inter-cropped in mandarin orange 
orchard 

Figure 6.  Marketing channel involved in study areas                       
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directly without grading to the collectors. Later the collectors categorize the fruits into two 
grades (1 and 2) and sell at different prices for each grade. The average farm-gate price in 
Khadbari and Mangtewa were Rs 75/kg and Rs 70 /kg respectively. The price was much 
higher for local retaileri.e, Rs 100 /kg in peak season and upto Rs 150/kg at end of the season. 
Mostly the produce from large orchards were collected by the collectors while small growers 
used to sell their produce to retailers directly.

Major problems in mandarin orange production: Various problems prevailing in the study 
areas were identified. The result showed that inadequate irrigation was the severe problem 
perceived by the producers. The second major problem was poor knowledge on orchard 
management. These problems were followed by incidence of diseases and pests, lack of quality 
planting materials and inadequate technical assistance. 

Conclusion 
Only having favorable climatic condition doesn’t ensure the good production as per the 
potentiality. Orchard management is the major factor to enhance the production of mandarin 
orange.  There is a huge potential to increase the quality and production of mandarin orange in 
the studied areas. For this, it is necessary to ensure the irrigation facility and provide on time 
technical assistance to the mandarin orange growers. 

Using name of the place of origin for marketing of agricultural products is a common practice 
in many countries. For instance, Manakamana mandarin orange is very popular among 
the consumer and they are willing to pay more because of its unique taste and qualities of 
geographic origin. Among the two studied areas, Mangtewa had a long story of mandarin 
orange production. Mandarin orange here are of high quality and preferred by the consumer. 
To prevent the probable loss of such valuable genotypes, timely identification and recognition 
is necessary. Providing GI tag to such genotypes not only help to conserve diversity but also 
help to promote the rural development. 

We have comparative advantage rooted in our unique geography. Identification of different 
genotypes of mandarin orange is necessary to promote and conserve their diversities. Beside 
field study, lab analysis should be done to verify and claim GI on a proper way.
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Abstract 

The Suntala, or mandarin orange (Citrus reticulata Blanco), is a moderate-sized tree tiny citrus 
tree in the rutaceae family that bears fruit with a unique flavor and look. The study carried out in 
Nepal's Dailekh area concentrated on the cultivation of mandarin orange, its cultural importance, 
and the difficulties farmers encounter in selling their harvest. To acknowledge the importance of 
local mandarin orange in the area, the survey sought to offer Geographical Indication (GI) for it. 
Farmers' agricultural status and techniques were evaluated by the survey. It was discovered that 
the region's mandarin orange production started between 130 and 150 years ago, with farmers 
planting their orchards from 2010 in BS. Mandarin orange, referred to as 'Suntala' in Nepali, 
is significant both culturally and economically. It is offered during several festivals, and Suntala 
Jatraa is a yearly event. Respondents noted issues like the necessity for government support in 
areas like cold storage, irrigation, price fixation policies, expert advice, even if they did not report 
any significant problems with marketing. Inadequate labeling, marking, and packaging were also 
mentioned as obstacles in commerce. Consumers favor the locally grown type known as "Dailekh 
Local," which is readily available in the market during the season and has thin skin and a juicy, 
sweet flavor. Farmers proposed several ways to make improvements, such as government funding 
for infrastructure, help with breeding better varieties and handling trade-related matters. Overall, 
the survey offers insightful information about the economic and cultural value of mandarin 
orange cultivation in the Dailekh district as well as the difficulties of farmers encounter in selling 
their produce. 

Introduction
The mandarin orange (Citrus reticulata Blanco), also known as the mandarin, is a small 
citrus tree that produces fruit with a distinctive flavour and appearance. It is a member of 
the Rutaceae family, which also includes other well-known citrus fruits such as tangerines, 
satsumas, clementine, and grapefruits. Chinese travellers have mentioned Nepal as “the 
country of golden fruits” in about 2000 years ago when they saw the yellow color of mandarin 
fruits at ripening (Lohar and Lama, 1997). Farmers of Darchula and Shakhuwasava district 

Keywords : Mandarin orange, Geographical indication,  Dailekh, Farming, Marketing
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claim that their forefathers had collected mandarin trees from wild form (Shrestha and Verma, 
1998). Bonavia (1890) has found mandarin in Butwal (Nepal) in a wild form. Later Tanaka in 
1929 have considered that mandarin is an indigenous fruit of Nepal. 

The mandarin orange tree is a moderate-sized tree, growing up to 7.6 meters (25 ft) in 
height. It has thorns on the trunk and major branches, and its leaves are shiny, green and 
relatively small. The flowers are borne single or in small groups in the leaf-axils and the 
fruit is typically round or oval, with a thin, leathery peel and a juicy, sweet-tart pulp. The 
mandarin orange has a rich history and is known for its unique flavour profile, which is 
often described as a balance between sweetness and acidity. It is a popular fruit worldwide 
and is enjoyed for its taste and nutritional value. A total soluble solid (TSS) in sweet group 
varies from 6 to 12% and acidity from 0.5 to 1.5% (Radha and Mathew, 2007). Citrus 
fruit juice is given to sick peoples with high fever and jaundice and for curing disease like 
dysentery and beriberi. Bitter glucoside “Naringin” provides prevention against malaria 
(Radha and Mathew, 2007). Per capita consumption of citrus fruit in developed countries 
is about 10 kg/year whereas in Asian countries it is only about 4kg/year (Aubert et al., 
1990). 

In Nepal, 27,982 hectares of mandarin orange crop were planted, yield 185,346 mt. and 
9.51 mt/ha of productivity in the fiscal year 2021–2022. (MoALD, 2023). Citrus fruit 
farming, particularly for mandarin and sweet orange, has a comparative advantage in 
the mid-hill region (1000–1500 m height). The mandarin orchard in Dailekh district is 
situated at an altitude of 544 m to 4168 m from sea level (Regmi et.al, 2020). Mandarin 
oranges were grown in 1085 hectares of land with 797 hectare productive area in the fiscal 
year 2021–2022, yield 9,361 mt of production and 11.75 mt/ha of productivity in the 
Dailekh district. The production of mandarin in Dailkeh district is increasing due to the 
easy access to roads to big markets like Surkhet, which has a positive effect on mandarin 
production (Regmi et.al, 2020).

Nepal has varied climate contributes to its vast agrobiodiversity. Certain agricultural 
products are only produced in extremely limited regions. In Nepal, over 100 agricultural 
products have the potential to be tagged with a geographical indicator (GI). In Nepal, not 
a single product has a GI registration. Three characteristics are critical to the GI system: 
origin, unique characteristic, and fame. Although there is a policy provision for GI, there 
is no formal structure in place for legal GI registration in Nepal. Therefore, GI research is 
the must in the present scenario.

Objectives of the survey

General objective:
 y To identify the origin of mandarin growing in Dailekh district.
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Specific objective:
 y To identify the fact about naming of local mandarin growing in the area.

 y To collect information about status of mandarin in the area.

 y To identify the problems of mandarin growing farmers in the area.

 y To collect and finalize the document used for GI of local mandarin growing in the area.  

Methodology

Study area
Dailekh district which lies in mid hills region 
of Nepal, is suitable for mandarin production 
due to its climatic conditions, soil and market 
condition. Dailekh district of Karnali province 
was selected for the study. We had selected the 
two-pocket area of mandarin production for 
our survey i.e., Dullu Municipality word no. 
06 and 11.

Questionnaire preparation
Several close and open-ended questions were prepared by the team of NCFD, Kirtipur with 
support from National Agriculture Genetic Resource Centre (Gene Bank), Khumaltar.  Survey 
questionnaires for different level (farmers household survey, focus group discussion, consumer 
survey, market survey and key informant survey) were prepared. 

Primary information collection
Primary and secondary data of the study site were collected from ADO Dailekh, PMAMP; 
PIU, Dullu Rural Municipality, Horticulture Research Station, Kimugaun.   

Methods of data collection
Various methods were applied for the data collection household surveys, focus group 
discussions, key informant interviews, market surveys and consumer surveys were used. Both 
primary and secondary sources were utilized as the source of information, also qualitative and 
quantitative information were collected.

Sampling size and selection procedure
Farmers survey: Farmer’s household survey was conducted in ward no. 6 and 11 of Dullu 
Municipality. Survey was done with 39 farmers, among them 23 were male and 16 were female. 

Figure 1. Area covered by mandarin orange
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Table 1. Cultivation practice of mandarin orange followed by farmers
Description Activities

Initiation of orchard establishment 150 years ago,

First sapling introduced Dailekh jungle

Land type Slopy, terrace

Land preparation Most farmer follow Primary tillage 

Pit digging 100%

Compost pitting Most farmer follow

Plant to plant distance Most farmers keeping distance of 4-5 meter.

Varieties growing Widely Dailekh local/unshiu 

Sapling types (grafted, seedling) Many farmers seedling, some grafted sapling

Planting month Ashadh-Shrawan

Weeding method Manually as per need

Intercropping Ginger, turmeric, taro leaves, leafy vegetable etc.

Application of fertilizer for manuring Not in practice

Irrigation Rainfed

Insect/pest types and control Locally available insecticides used for control

Difference in taste between chemical 
fertilizer applied and organic manure Unknown as no application of chemical fertilizer

Ripening time Starts from Mangsir

Harvesting period Mangsir-Magh

Direct sell/store Direct sell

Market Dailekh, Surkhet, Butwal, Bhairahawa, Nepalgunj

Training/Pruning Diseased/crisscross branches are timely pruned.

Focus Group Discussion: Focus group discussion was performed in 2 different locations with 
a total of 14 farmers. Among them 13 were male and one was female. 
Table 2. Overview of focus group discussion

Description Conclusion

FGD conducted group 2 groups

No. of male and female participated 3 male/ 1 female

Year of cultivation 150 years ago,
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Description Conclusion

First sapling introduced Dailekh jungle

Why named Suntala Golden color skin

Evidence about Suntala Folk songs and Suntala Jatraa festival

Land covered by mandarin orange 2500-3000 ropani

Household growing mandarin orange 
actively

350- 400

Variety growing Dailekh local, Unshiu

Sapling exported Dailekh, Jajarkot, Kalikot, Humla

Indigenous Technical Knowledge 
applied

Ash, weeding, interculture, irrigation, training/prunning bamboo 
ladder, sack, Doko

Positive and negative impact after 
establishing orchard PMAMP declared zone area, economic status improved

Benefits of growing orchard Improved social and economic status

Changes in same variety growing in 
different geographic Change in taste and growth

Suggestion
Subsidy program (fertilizer, saplings, irrigation and other 
machinery tools) disease and pest resistant and tolerant 
varieties, training of citrus 

Consumer survey : Consumers were selected randomly for the survey.

Table 3. Overview of consumer survey

Description Response
No. of Respondent 4
Access of getting mandarin orange in market Yes
Price of mandarin orange (season and off season) Rs 60-90 and 150 per kg  

Choice of Variety in market Dailekh local

Location of growing Dullu

Qualitative characters of choosing Sweet, juicy, tasty, skin layer 

Time of availability of mandarin orange Mangshir-Falgun

Problems Low price in local market

Suggestions Grading, storage, free sapling



176
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Key informant survey: Survey was done in two locations at ward no. 6 and 11 of Dullu 
Municipality repeated where teachers, leader farmers, political representatives experienced old 
aged farmers, PMAMP PIU Dailekh, Agriculture Research Station (Horticulture) Kimugaum, 
ADO Dailekh were selected.

Market survey: Market survey was done with 6 retailers from Chandani Chowk Dullu and 
Bulbule Krishi Hatbajar, Surkhet.

Table 4. Overview of market survey
Description Response

No. of respondent/ traders 5

Experience of selling mandarin 
orange

7 – 10 years

Most preferred location Dailekh

Variety sold Mostly Dailekh local in season, Indian and Chinese in offseason

Prioritized variety for selling Dailekh local

Price of mandarin orange 60- 80 per kg / 160 per kg 

Easily sold or not Easily

Distinguishing character Dailekh local is tasty, sweet, juicy, thin layer skin, shinning like 
gold, organic and long post-harvest life.

Market supplied Surkhet, Dailekh, Nepalgunj, Butwal, Bhairahawa

Storage Direct sell

Problems Commission to wholesaler, grading, labelling

Suggestion Proper postharvest handling facilities like precooling, grading, 
sorting, packing, transportation and marketing facilities. 

Methods and techniques of data analysis: Collected data were entered in the MS-Excel and 
analysis was done using MS-Excel.

Result and Discussion

Age of farmers involved in mandarin orange farming
Different age group farmers were involved in the survey. Total 39 farmers of different age 
groups ranging from 18 to 75 years old were randomly selected from two selected sites. 

Mandarin orange plantation area
Farmers have 2 to 36 ropani of land where mandarin orange was grown in 1 to 20 ropani. Out 
of 685 ropani of land, 251.8 ropani was used for mandarin orange cultivation. A single farmer 
is growing up to 700 mandarin orange plants in their land. 
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According to the group around 250-300 farmers are involved in the mandarin orange cultivation 
who are farming in total land of around 2500 to 3000 ropani in the area; cultivated land is 
slopy and terraced. Dailekh local mandarin orange is famous in the area for its superior quality 
like, juicy, sweet taste, shiny, smooth and thin skin.

Altitude of mandarin orange cultivation 
Most of the farmers are growing orchard in mid hill ranging from the altitude of 1213 to 1400 masl. 

History of mandarin orange farming 
According to farmers cultivation of mandarin orange was first started at around 150 years ago in 
Kalbhairab Toraya at Dullu  -11 where the seedling was locally produced. FGD survey shows that 
mandarin orange cultivation was started around 150 years ago in Dullu from locally available 
seedlings. According to Dal Bahadur Khadka and Mayaram Khadka; permanent resident of 
Chhimdi; Dullu-6 local mandarin orange seedling was first brought from local jungle of that area.

Few of seedlings were also first seen in the riverbanks and later the community started plantation 
and now they are cultivated commercially. As per the FGD, the oldest mandarin orange plant 
about 150-200 years old locates in the farm of Bichari Khadka, Jagat Bahadur Pant and Khadka 
Bahadur Malla. Other farmers of that area cultivated from 2010 B.S. till the date. 

Now, most of them are producing mandarin orange commercially and selling in local as well as 
wholesale markets. The name Suntala came from the fact that the color of an orange is yellow 
looks like gold and very shiny. Almost all farmers cultivate local (Raithane) variety mandarin 
orange which is sexually propagated. Thirty-five grafted saplings were first introduced in 
2055 B.S. by Lokesh Bogati in his orchard. He claimed that grafted saplings gained height 
upto 2 meter and started fruiting from 5 years producing 70 kg fruits per tree. Till now some 
farmers are growing grafted plants due to their dwarf growing nature, disease resistivity and 
fast bearing habits.

Mahesh Kumar Bista, Dullu 6, addressed a fact, "Naumeleko jaatraa paisa daana suntala" 
which means during the period of Dullu regime, Jaatraa used to be celebrated in Naumule 
where eak daana suntala used to be sold at eak paisa.

One of the experienced farmers, Shashi Bahadur Khatri, permanent resident of Kalbhairav 
Toraya, Dullu-11 shared an old folk tale about mandarin orange as: 

aflx/L eGbf lelq ld7f], wGg ;'Gtlno, ;'Gtlnosf] af]qmf vfFof dg t cGtlno .  

Traditionally organizing a Suntala Mela during Asoj -Kartik. Songs related with mandarin 
orange use to sing by local people in different occasion like:

æk};f bfgf ;'Gtnf vfFp .

 3f]8f bfpgL hfqf hfFp .

dfof b]p / cfGhf xfN5' . 

ljbf b]p / hfG5' .Æ



178
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Cultural practices
Most of the farmers in that area are practicing pit digging method for the establishment of orchard. 
Pit of 0.5-0.75 m width and 0.5-0.75 m depth is dug and they are maintaining 5*5 m2 PP*RR 
distance. 25-30 kg per pit well rotten FYM is placed and mixed with topsoil and filled back 
one month prior to plantation. Seedlings /saplings are cultivated in the rainy season (Ashad-
Shrawan). No modern technologies of irrigation were found and farmers depend totally upon 
rainfed conditions. Fallow space is occupied by intercrops like soyabean, ginger, tomato, turmeric, 
chilly, taro leaf, leafy vegetables, cauliflower, cowpea, finger millet, maize etc. Timely weeding 
is performed by farmers manually as per their necessity. As no farmers have adopted application 
of chemical fertilizer in their field, they are less likely to know about any difference in taste of 
mandarin orange while comparing between with or without chemical fertilizer in the orchard. 

Insect pest and diseases
Recently most of the orchard are affected by disease and insect/pests which have become 
important cause for the yield reduction. Infestation of aphid, leaf miner, citrus bug, maggot, 
scaly insects, citrus psylla, CTV, powdery mildew, greening, anthracnose, die back, citrus 
canker etc. have increased more severely. 

Although oldest plant prevails there, its production is not so high and the yield is in declining 
phase. Frequent monitoring and examination by technical officers from related office will be 
more helpful for the farmers to deal with the problems. Although PMAMP, PIU Dailekh, ADO 
Dailekh is distributing disease resistant seedlings as a subsidy to farmers, still all farmers are 
not benefited from it.

Locally available insecticides like roger, karathane, copper oxychloride etc. were used by 
some of the farmers for the control of disease/pest. However most of the farmers have got 
training about bordeaux paste and bordeaux mixture application provided by the PMAMP, 
ADO Dailekh and applying in their field for the control of various disease and pest.   

According to the local farmer of Dullu ward no.6, Amar Bahadur Bhandari, who owns 20 ropani 
of mandarin orange orchard used to harvest up to 68 mt. of mandarin orange around 35 years 
ago but recently the yield has declined 
up to 40-50 mt. in the same farm due to 
disease/insect pest infestation.      

Harvesting and production
Ripening of fruits start from Kartik to 
Mangsir and harvesting is done from 
Mangsir to Magh. Respondent claim 
height of the mandarin orange plants is 3 to 
5 m and yields 80 to 160 kg per tree from 
seedling plant as well as grafted plant. 

Figure 2. Mandarin orange Orchard in Dullu
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Marketing 
For marketing of mandarin orange, collectors directly contact farmers and set price (farm gate 
price) ranges from Rs.50-60/ kg and they sell at the rate of Rs. 60-100 per kg. in the season 
(Kartik to Falgun). In off season (Falgun to Chaitra) the price of mandarin orange is up to 
Rs.100-150/kg

Farmers use bamboo/aluminium ladder, jute sack, doko for harvesting of fruit.  They are 
not able to store fresh mandarin oranges due to lack of cold storage facilities. The nearest 
market for selling of mandarin orange i.e. Hatbazaar which is organized twice in a week. 
The main market for the large sales is Bulbul Krishi Hatbazaar, Surkhet, which lies about 
80 km from Dullu. Mandarin orange is easily sold in the markets of Surkhet, Nepalganj, 
Dhangadi, Dang, Bhairahawa, Butwal etc. Also, during off season, they import mandarin 
orange from India followed by China. Dailekh, Salyan, West of Surkhet and Jajarkot are 
the main pocket centres for the market of Surkhet. As per the consumer preference, on the 
priority basis local mandarin orange of Dailekh holds maximum sale followed by Salyan, 
Jajarkot, West of Surkhet, India and China respectively. 

In main season, maximum 22 ton mandarin oranges are selling per day in BKHB while 2-3 
ton in off season. According to traders, Nepali Suntala are easily available in market up to 5-6 
months, then they need to depend on India and China to meet the demand of consumer.

Socio-cultural aspects
Jagat Bahadur Panta: local farmer of Dullu-11, Kalbhairav shared us an interesting folk song 
related about Suntala:

æ;'Gtnf r'lsnf] x'G5 .
Nofp a]nf}tL vfG5' .
labf b]p / hfG5' .

dfof b]p / kfs]6df xfN5' .Æ 

Mandarin orange is in use to celebrate different types of festival like Thulo Ekadashi, Maghe 
Sankranti, Satyanarayan Puja, Shree Panchami etc. also it can be used as an offering in rituals. 
During the survey old mandarin orange plants were found in Khadka Bahadur Malla, Jagat 
Bahadur Khatri and Bichari Khadka. 

Famous mandarin orange related ukhantukka are composed by the farmers over there; some of 
them are: æx]bf{ ;'g eGbf sd 5, /f]ux?;Fu n8\g] bd 5 . :jf:Yosf] ;fxf/f ;'Gtnf g} cfxf/fÆ . The famous 
nursery located in the area is Santosh Suntala Nursery Farm; Proprietor: Laxmi Khadka. 
Seedlings/saplings of Dailekh local Suntala are transported to Humla, Kalikot, Kailali, Jajarkot 
and Mugu district as well. 
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Proprietor Laxmi Khadka; owner of Santosh Suntala Nursery Farm is the largest seedling 
growing farm in the area where it produces up to 25000 no. of seedlings/saplings in his two 
screenhouse and supplies to the farmers and markets of Dailekh, Humla, Kalikot, Kailali, 
Jajarkot and Mugu. 

Ram Bahadur Singh: Proprietor of Sonu Nursery Uddhyog from Dullu -8, Purna Neupane 
and Nandaram Neupane from Kalbhairav Toriya are actively producing seedling in their open 
nursery farm and the local farmers are well benefited from the farm.

Economic importance

Mandarin orange cultivation has shown its high importance towards the economic and social 
status of the farmers in Dullu area. Farmers have increased their social prestige in the society 
and disctrict as well. Mandarin orange cultivation has left positive impact in livelihood, better 
education, living standard and income source, development of agriculture road in every village 
so that farmers can sell their products at their own orchard, PMAMP has implemented Suntala 
zone program for mandarin orange production. Due to differences in geographical condition 
size, taste, height of plants, leaf size, shining of fruit etc differs though the same varieties 
grown. When Dailekh local variety was grown in different geographical location, differ in the 
quality of mandarin orange like colour of leaves, fruit texture, shape size and taste due to the 
climatic factor of that place.

Conclusion
During the survey conducted in Dullu ward no.6 and 11, mandarin orange grown in that area 
is claimed to be originated within the local jungle in early 19th century, which shows its unique 
characteristics in terms of taste, juiciness, skin, shiny, organic, long post-harvest life and its 
average size while comparing with Indian and Chinese. Recently more infestation of pest 
and disease have become another unavoidable effect for negative yield of mandarin orange. 
In season, almost 90 percent of local market is occupied by Dailekh local mandarin orange 
and consumer also prefer local mandarin orange. Contractors direct reach to the farmers farm 
for the collection and trading of orange. As Dailekh local mandarin orange shows superior 
characteristics, provision of GI tag will be helpful for the conservation of existing local 
landraces from extinction and farmers will also be benefitted from its utilization.
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Introduction
Agriculture Census 2021/22, reported 62% households are still engaged in agriculture sector 
for their livelihood and its contribution to GDP is about 24%., Horticulture is one of the major 
sub sectors with more than 30% contribution in total AGDP (MoALD, 2023). Due to wide 
range of diverse climate high mountain is suitable for temperate fruits, mid hills are suitable 
for sub-tropical fruits including citrus and tropical fruits are best suited in terai region of Nepal. 
Citrus is the most common fruit rooted through different ways to social, cultural and economic 
aspects of Nepalese society and it is also believed to be originated in South-East including 
South China, North India and Burma (Langgut, 2017). Mandarin orange growing area is 
reported in 56 district of Nepal (MoALD, 2023) and based on the commercial potentiality 42 
districts are identified by National Center for Fruit Development (NCFD, 2021). 

It is one of the most popular citrus fruits, widely grown from kitchen garden to commercial 
orchards, with cultural and aesthetic value supporting livelihood of the agrarian society in mid 
hills of Nepal.  The total fruit cultivated area in Nepal is 129532 ha and out of these citrus 
fruits occupy about 38% (49306 ha). The major of citrus fruits are mandarin orange, sweet 
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Abstract 

Citrus is the most common fruit rooted through different ways to social, cultural and economic 
aspects of Nepalese society. Mandarin orange is one of the major citrus fruits, widely grown 
from kitchen garden to commercial orchards supporting mid-hills livelihood. Due to increasing 
road networks, awareness and touristic flow mandarin orange growing area is slightly increasing 
but the productivity per unit area is not encouraging as compared to India. Farmer’s reluctance 
to invest on mandarin orange orchard management, use of unhealthy saplings, moisture stress 
during early to late spring, lack of balanced nutrition supply and weak research and extension 
support are found the major factors contributing citrus decline in Nepal. This chapter aims to 
review the major problems related to mandarin orange orchard management and concluded with 
the good orchard management practices for mandarin orange growers and technicians. 

Keywords: Citrus decline, Mandarin orange, Orchard management, Productivity
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orange, lime and lemon. Mandarin orange alone occupies more than fifty percent (27982 ha) 
of citrus area and gives about 1.85 lakhs mt of production, which is about 60% out of citrus 
fruits and 13% of total fruit production in Nepal (MoALD, 2023). 

Objectives of the study
 y To review and assess the major problems related to mandarin orange orchard management 

in Nepal.

 y To summarize the major modern mandarin orange orchard management practices. 

Literature review
The citrus development program at the government level was started in early sixties when 
two citrus research stations were established at Pokhara and Dhankuta in 1961 and 1962 
respectively. As these stations were looking after the research activities, in 1972 government 
established the National Citrus Development Program (NCDP) and mandated for both 
research and development activities. NCDP emphasized more on development activities 
and started commercial planting production programs in potential districts. After celebration 
of Agriculture Year in 1974, many new programs including private nurseries, commercial 
orchard establishment programs were initiated.

A special Junar Production Program was initiated in 1980/81 in Ramechhap and Sindhuli and a 
national priority program was initiated in 1983/84 with the objective of commercializing mandarin 
orange in 20 mid hill districts of Nepal. The first year of the Fifth Five-Year Plan (1975-80 AD; 
BS 2032-37) was designated as “The Agriculture Year” and a special provision of agricultural 
credit, and subsidized planting materials and chemical fertilizer was ensured. The Sixth Five-
Year Plan (1980-85 AD; BS 2037-2042) plan has placed special emphasis on increasing crop 
production. Hill Agriculture Development Project (HADP) supported by FAO, strengthened the 
horticulture farms of Nepal. Similarly, JICA supported Horticulture Development Project (HDP) 
supported fruit sector development in central part of Nepal and Hill Fruit Development Project 
(HFDP) developed citrus fruit orchards in eastern part of Nepal.

In 1994/95, government implemented a commercial agriculture development program for 
some high value crops including citrus. This program focused in planting materials, equipment, 
and plant protection support for commercializing citriculture in the mid hills. Agriculture 
Perspective Plan (APP) was formulated in 1995 and implemented from 1997 recognized citrus 
as the main high value crop for mid-hills of Nepal and applied a pocket package strategy 
approach to develop production pockets. Despite a different initiatives of citrus production 
programs, the field conditions of citrus or mandarin orange orchards are remained primitive, 
unmanaged or even worse in different aspects of good orchard management practices.

In Nepal, citrus in general and mandarin orange in particular is growing traditionally which is 
the major fruit among the citrus. Due to weak and negligible management practices resulted 
in severe decline in its production and productivity is reported from the production pockets. 
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Farmers’ reluctance to invest on citrus orchard management, wide use and distribution of 
unhealthy citrus saplings, increased drought/dryness, lack of balanced plant nutrition and 
updated technology are some major factors contributing citrus decline in Nepal (FAO, 2011).

For successful cultivation and production, a sustainable and correct and continuous 
management effort is important. Correct management of the canopy, water and mineral 
resources is a necessary condition for high quality production, increased efficiency in the use 
of the resources themselves, and low environmental impact (Xiloyannis et al, 1999).

In Nepalese context, mandarin orange is grown traditionally in marginal slopy land with maize and 
millet crops without manuring and fertilization (NCRP, 2015). Although, APP prioritized citrus as 
a high value crop that can help to improve the livelihoods and quality of life in mid hills of Nepal.  

A study (Poudel, et al., 2022) conducted in Beni and Malika Municipality of Myagdi district 
reported that 73% of the mandarin orange growing farmers had experienced citrus decline 
problems due to disease pest incidence, climatic extremities, poor fertility status of soil, low 
quality planting materials and poor orchard management. This study concluded that citrus 
decline has been the major constraint of mandarin orange farming and improved management 
practices are pivotal for combating the citrus decline.

A study (Bhandari et al., 2022) was conducted in Syangja district to assess the farmers’ 
knowledge and adaptation of improved mandarin orange orchard management practices and 
identify factors affecting their adaptation. The finding says the farmers were familiar with 
most of the improved orchard management practices but found variation in scale of adaptation 
of the improved management practices. 

The orchard management is very crucial for mandarin orange which includes canopy 
management, soil and nutrient management, disease pest and water management. Canopy 
management is important to keep the tree in ideal shape and healthy by keeping open all sides 
to access the proper sun light penetration and aeration in high humid season. The best time 
for pruning is just after harvest and when the plant is dormant or not active in winter Poush-
Magh (PIU, 2018). More than 250 species of insects and mites are known to damage citrus 
throughout the world so management of insects and diseases is essential for increasing the 
orchard capacity for production (Ashraf et al., 2014). Efficient use of applied water aids in 
supplying a significantly higher amount of available nutrients in the soil, ensuring favorable 
leaf nutrient status, which collectively helped plants to develop a good canopy, a prerequisite 
to improved bearing capacity (Panigrahi et al., 2012).

Green weeds/rice straw mulching is one of the easiest practices of orchard management gives 
quick results in terms of moisture conservation, temperature regulation, prevention of surface 
compaction, reduction of run-off and erosion, improvement in soil structure, and weed control 
(Ranjan et al., 2017). Plastic mulching is also in practice but it only supports in weed control and 
moisture preservation. Appropriate and timely implementation of the management activities 
enhances plant physiological functions with the final outcome of economic efficiency, i.e. in 
terms of resource use (Dorji et al., 2016).
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Due to increasing road network, awareness of nutritional value and development of touristic 
pockets mandarin orange total area and production is in slightly increasing trend  (MoALD, 
2023) but the productivity per unit area is not encouraging (9.97 mt/ha) as compared to India 
12.54 mt/ha (Ladaniya, et.al., 2021).

Table. 1. Mandarin area and productivity from 2072/73 to 2078/79

Fiscal Year Total Mandarin 
Area (ha)

Productive Area 
(ha)

Production 
(mt)

Productivity
(mt/ha)

2078/79 27982 19481 185346 9.51

2077/78 27002 18369 198406 10.80

2076/77 26591 14551 156173 10.73

2075/76 27951 17220 177381 10.30

2074/75 27150 16155 161434 10.00

2073/74 28760 17457 164593 9.43

2072/73 26282 16248 146690 9.00

Source: MOALD Yearly Publications, 2023

A huge potentiality of mandarin orange farming in mid hills is constrained by different orchard 
management aspects and a serious attention is necessary to overcome this problem by updating 
and improving the modern orchard management practices.

Result and discussion
Problems of orchard management in Nepal
Site selection: The proper site selection for a commercial orchard is important. In our context, 
mostly the fruit orchards are promoted in marginal areas of hills and mostly mid hills in case 
of mandarin orange. The suitable aspect, altitude, soil, rolling elevation for mandarin orange 
orchard should be in consideration but it is not followed in most of the cases. The cultural 
practices are difficult to handle properly during the orchard growing stage. 

Layout and proper plantation: It is necessary to follow the recommended plant distances to 
provide full canopy development and to avoid nutrient uptake competition between the plants. 
Lay out is not properly followed, even the plants are planted in the edges of bench terraces or in 
negligible marginal lands with less spacing. In most of the mandarin orange orchards, the plants 
are established in the inner slope of the bench terraces or in the outer edges of the terraces which is 
not manageable for cultural practices and normally found suffering from malnutrition (FAO, 2011).

Well drain soil: In Nepal, soils are neither tested for nutritional requirements of specific fruit 
crops nor are leaf tissues analyzed for mineral contents (Poudyal et. al., 2016). The best soil to 
grow mandarin orange is well-drain sandy loam or loamy soil. It is also important and should 
consider the soil fertility and pH level. Red clay/loamy soil is also available in the mid hills of 
Nepal and number of orchards can be seen established in such soils.   It is not well draining soil 
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and during summer heavy rain most of the terraces face drainage problem along the inner side 
of the bench terraces for long time which promote root decay problems in mandarin orange 
orchards.

Intercropping: The existing mandarin orange trees are predominantly of seedling origin 
and plants have to share with various seasonal inter-crops without additional plant nutrients 
(FAO, 2011). In some cases, farmers used bullocks ploughing inside the orchards, which is 
responsible to destroy the feeder roots and ultimately supports in yellowing of plant parts, 
one of the reasons for citrus decline. Maize and millets are the major crops not recommended 
for intercropping but mostly grown in mandarin orange orchards. Intercropping with maize 
and millet without additional manures and fertilizers, and irrigation is also responsible for 
malnutrition and moisture stress conditions in the orchards. Root injury during the intercropped 
soil and excess moisture in rooting zone during rainy season is favorable for Phytopthora 
infection. As a intercrop, farmers grow vine crops around the orchard which compete for 
nutrients and also use the plant as a staking favors to grow diseases and pest in the orchard.   

Manuring and fertilization: Fertilization, manuring and plant protection chemicals are not 
commonly used in earlier period. But in the recent studies some changes in manuring can 
be seen. A study in Myagdi district showed that 75.5% of the farmers use farmyard manure 
(FYM) of more than 30 kg per plant per year (Poudel et al., 2022). Mandarin orange orchards 
are in some priority among the other citrus fruits but it is also not regularly supported by 
manure and other nutrients. The trees which are grown on the edges of the bench terraces are 
not feed normally and found suffering from malnutrition.

Planting materials: Most of the existing mandarin orange orchards are of seedling origin and 
which are reported to be more susceptible to Phytopthora disease. Phytopthora species cause 
foot-rot, root rot, crown rot, gummosis, leaf fall and brown rot disease in citrus (FAO, 2011) 
and responsible for citrus decline to a certain extent. This is also seen in the grafted trees on 
rough lemon. Most of the private nurseries are in open field and are infected with several 
diseases and pests in the nursery and easily spread to new areas. Selection of nucellar plants 
is also a major issue related to seedling plants which is not found strictly followed and in case 
of grafted plants the size of appropriate rootstock and low height of the graft union is directly 
affecting in plant field establishment rate. 

Moisture stress/Irrigation: Mandarin orange orchards are usually planted in unirrigated 
uplands/bari in mid hills of Nepal. The Indian studies suggested that about 2000 mm of 
well distributed annual rainfall is required to maintain good soil moisture condition in citrus 
orchards but in our context, there is a problem in well distribution of rainfall. More than 80 
percent rainfall occurred during the 4 months of the monsoon period June/July to September/
October which is fruit growth and maturity period of mandarin orange and no supplementary 
irrigation support is necessary during this period. Moisture stress in mandarin orange is 
responsible to cause the cracking and reduce the fruit size. Plant growth under drought is 
influenced by altered photosynthesis, respiration, translocation, ion uptake, carbohydrates, 
nutritional metabolism and hormones (Seyed et.al., 2012).
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Plant protection: The term citrus decline is reported as a condition of ill health and decadence 
of citrus trees which may arise from a number of causes. It is a complex problem of citrus 
resulting from both biotic and abiotic factors (FAO, 2011). Phytopthora, greening, tristiza virus 
are the major diseases of citrus and the effects of powdery mildew, canker is also responsible 
for citrus decline. Citrus fruit fly, scales, leaf miners, citrus psylla are major insects damaging 
citrus plants in Nepal. The plant protection management is very weak from the nursery plant 
production, internal and external quarantine measures to orchard cleanliness and regular 
monitoring management. 

Good orchard management practices in mandarin orange
Most of the orchards of mandarin orange in Nepal are facing different management problems for 
a successful fruit growing. All these management problems are associated with the decline of 
mandarin orange orchard. The general symptoms associated with mandarin orange decline are 
restricted growth of the trees, appearance of chlorotic leaves, sparse foliage, die-back of twigs, 
delayed leaf flushes and blooming, deficiency of symptoms, defoliation, off-season flowering, 
small fruit and declining fruit production every year (FAO, 2011). The poor management 
effect starts to appear on bearing trees of aged 7-8 years and it becomes severe on trees 15-20 
years period. The mandarin orange decline syndrome is causes by different abiotic and biotic 
factors discussed above, some of them reported are unfavorable soil and climatic conditions, 
low quality planting materials, poor orchard management, incidence of disease and insects-
pests.  The climatic and soil factors are not of much important to cause the citrus decline in 
Nepal but other factors are directly related to orchard management practices. The following 
orchard management practices from the orchard site selection to all good orchard management 
practices will be supportive to improve the mandarin orange farming system in Nepal:  

Site selection for orchard establishment
The establishment of an orchard is a long-term investment and requires to select an appropriate 
land area. Mandarin orange tree is sun loving plant and east-north sites pockets of the mid hills 
of Nepal. Frost free sub-tropics to warm temperate with the altitude of 800-1400 mt from sea 
level are suitable areas for mandarin orange farming. The altitude of 1000-1200 meter from 
sea level is best for quality mandarin orange production in Nepal. A deep, well drained, free 
of excess natural salts with fair humus content is best for mandarin orange. Citrus plants 
require high oxygen in its root zone and for this reason, light sandy to medium loam soils are 
considered best for plant and orchard soil management. Well distributed, an annual rainfall of 
2000 mm is generally regarded as sufficient. 

Mandarin orange fruit grow well in between the temperature range of 14-350 centigrade but 
the optimum temperature for proper growth is 18-300 centigrade. The plant growth is restricted 
below 130 centigrade temperatures. Low humidity gives good color and external appearance, 
whereas high humidity favors thin skinned, juicy fruits which are smaller in size but high in 
quality. 
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Layout and plantation
Well prepared land before plantation will be more manageable for orchard management during 
growing stage. The selected land should be cleaned by removing plant debris, deep ploughing, 
irrigation and intercropping of leguminous crops and green manuring management before 
layout and plantation. There are square, rectangular, triangular, hexagonal and contour layout 
systems followed for mandarin orange orchard but in our case square and contour system 
layout is more in practice.  

The bariland, developed for maize and other cereals in mid hills are found in developed 
terraces where square system layout is also possible and in practice but mostly in mid hills 
where contour slopes are available for fruit orchard need to improve in the bench terraces. 
Traditionally, the plantation is followed in edges of the terraces which is not manageable for 
cultivation practices and fertilization. In much slopy contour system 3-4 ft land circle area 
of plant spot should be levelled for irrigation and manuring support, where bench terrace 
development is not possible. 

To facilitate better root penetration and to provide congenial conditions for the growth of 
young plants pits of 60 cm deep, wide and long should be dug. The soil taken out from the 
pit is allowed to open sunlight weather for 2-4 weeks, then mix it with rotten equal amount 
of farm yard manure or compost and filled about 10-15 cm higher than the ground level and 
irrigate thoroughly. After the pit is ready, the position of plant is marked with the planting-
board and a slightly bigger hole than the size of earth ball is dug. The wrapping material is 
removed from the ball and unwrapped earth ball is put in the hole in such a manner that the 
union of plant remains at least six inch above the ground level. Immediately after planting, 
staking of bamboo stick and irrigation should be applied.

Care of young plant
The early year’s life is very important for plant to produce the maximum vegetative growth 
during the first three or four years. At this time, the plant requires optimum irrigation, 
fertilization, cultivation and protection from high or low temperature and strong winds. 
During early summer months frequent irrigation at 7 days interval is essential and a regular 
weeding of plant basin is required to eradicate weeds. The sprouts which develop on the trunks 
below the graft union should be checked regularly and removed. Light pruning is followed 
during early stage, only undesirable, dry or diseased branches should be removed. The grafted 
mandarin orange plant will blossom and set some fruits from the third year, these fruits should 
be removed for proper vegetative growth and development of the young trees.

Soil requirement and nutrition management
The soil requirements of citrus are very exacting therefore before planting soil should be tested 
for its suitability of both physical and chemical properties. The mandarin orange trees are very 
sensitive to high salt concentration in the soil. The presence of high amount of calcium carbonate 
in soils induces the deficiency of essential nutrients like phosphorous, zinc, manganese, iron 



190
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

and copper. The availability of many nutrients essential to plant growth is closely related to 
pH of the soil. The mandarin orange tree thrives best in soils having a slightly acidic reaction 
with a pH range of 5.5 to 7.5, under such conditions, most of the nutrients are readily available 
to the plants. The soil profile should be carefully examined for the presence of any hard pan 
and there should be no hard pan/stone layer/lime concentration to a depth of 1 mt. Under these 
conditions, plant cannot absorb adequate water and nutrients from the soil and consequently, 
the plant growth remain stunted. Water logged soils or soils having very high and fluctuating 
water table should not be selected for mandarin orange cultivation. Such conditions lead to 
root injury and decay, ultimately resulting in the death of the plant.

Well-drained fertile sandy soils having pH up to 8.5, electrical conductivity up to 0.5 mmhos/
cm, calcium carbonate up to 5%, lime concentration up to 10% and free from hard pan are best 
suited for citrus growing (Rattanpal et.al., 2017).

Soil organic matter is the humus, product of the decomposition of crop or animal residues by 
soil microorganisms. Soil organic matter is very important for sustainable soil management in 
mandarin orange production as it enhances the formation of soil aggregates which maintains a 
good soil structure for drainage and aeration.   

Mandarin orange requires 17 elements for normal growth and production. Out of them, Nitrogen, 
Phosphorous, Potash, Sulphur, Zinc, Manganese, Iron, Copper, Boron, Magnesium are the major 
ones.  The application of excess or less dose of nutrients results in abnormal functioning of 
the plant system. Mandarin orange plants need an application of the manures and fertilizers at 
critical growth stages. Mandarin orange is a perennial crop so every year organic and chemical 
fertilizers should be provided. During and after the fertilization soil structure and moisture should 
be in good condition so that the nutrient will be easily available to the plant. The recommended 
doses of manure and fertilizers and application time is summarized in table 2. 

Table 2. Recommended doses of organic manure and chemical fertilizers in mandarin orange 
plant (per plant/per year).

Plant age 
(year)

FYM/Compost 
(Kg)

Nitrogen 
(Gram)

Phosphorus 
(Gram)

Potash 
(Gram)

1 10 50 25 35
2 20 100 50 70
3 30 150 75 105
4 40 200 100 140
5 50 250 125 175
6 60 300 150 210
7 70 350 175 245
8 80 400 200 280
9 90 450 225 315

10 and above 100 500 250 350

Source: NCRP, 2015
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For growing plants, apply the full dose of FYM, phosphorous and potash along with one third 
amount of nitrogen in December-January, apply second dose of one third amount of nitrogen 
in July and last dose in September.  For fruiting plants, apply full dose of FYM, phosphorous 
and potash along with half dose of nitrogen in December- January and remaining nitrogen in 
July-August. Manures and fertilizers are generally applied in the soil. Tree basins are prepared 
by light hoeing and then manures and fertilizers are broadcasted. After broadcasting, they are 
mixed well into the soil by giving second hoeing. 

Alternatively, a trench of 1 ft deep and wide is prepared along the drip of the canopy and then 
manures and fertilizers are applied in the trench. This is followed by covering with the soil, 
irrigation and mulching.  While fertilizing the trees, care should be taken to keep the trunks of 
the trees free from the contact of fertilizers.  

In nutrients deficient condition, the appearance of visual deficiency symptoms of a particular 
element may occur in different parts of the mandarin orange tree. It is very important for a 
citrus grower to diagnose nutrient deficiency symptoms. Following these symptoms and to 
provide need-based fertilizers for good production. Some of the major deficiency symptoms 
and corrective measures of these plant nutrients are summarized in the table 3. 

Table 3. Major nutrient deficiency symptoms and corrective measures of mandarin orange
Plant  

Nutrient Deficiency symptoms Corrective measures

Nitrogen
Yellowing of leaves, limited twig and 
leaf growth, tree undersized, fruit 
size reduced

Application of 1500 gm nitrogen/tree in three split 
doses in early March, May and late September or 
soil application of nitrogenous fertilizers in two 
or three split doses.

Phosphorus

Defective formation of buds; 
discoloration of leaves; reduced number 
of lateral shoots with reduced growth; 
limited and delayed blossom-ing; poor 
fruit setting; premature fruit dropping; 
coarser fruits with thick rinds

Application of 600 gm phosphate/tree in 
single dose during late winter or early spring. 

Potassium

Foliage is spare, necrosis on one side 
of leaves; die back of twigs; irregular 
yellow blotching in leaves in late 
summer; fruit small with thin peel and 
decay rapidly.  

Application of 600 gm potash/tree in single 
dose during late winter or early spring.

Magnesium

Yellow areas developed between the 
large veins and on both sides of the 
mid-rib; bronzed leaves; chlorosis in the 
old leaves; poor root growth; alternate 
bearing and poor-quality fruits.

Spraying of 0.25% magnesium sulphate 
twice at 15 days interval on new flushes. 

Zinc
Interveinal chlorosis; small leaf 
size; dieback from terminal twigs; 
fruits small, insipid and misshapen; 

Spraying of 0.5% zinc sulphate at 15 
days interval on new flushes. 

Source: FAO, 2011.
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Irrigation and drainage management
Mandarin orange trees are evergreen in nature and they require water all the year round. In 
Nepal, Mandarin orange is grown on uplands where there is no irrigation facility and has to 
depend on rain water. It is suggested that about 2000 mm of well distributed annual rainfall is 
sufficient to maintain good soil moisture condition in mandarin orange orchard. But in Nepal, 
more than 80 percent rainfall occurred during the four months of the monsoon period (June/
July- Sept/Oct). This is the fruit growth and maturity periods of mandarin orange and no 
supplemental irrigation is necessary during this period. The monsoon rain moisture retains in 
orchard soil by December, after then starts dry period. Water stress in spring and early summer 
(February-May) during flowering, fruit set and early cell division will have a big impact on 
reducing fruit numbers, fruit size and overall yield. 

It is recommended to apply irrigation in 15 days interval from January to April mid and 10 days 
interval from April mid to June middle. Irrigation requirements of young trees are less than 
bearing trees. Closely spaced trees require more water than widely spaced trees. It is estimated 
that 60 liters of water is required to produce one kilogram of fruits. There are different methods 
of irrigation systems. The commonly used irrigation methods are: 

 y Basin system
 y Furrow system
 y Flooding system
 y Sprinkler system

Drip Out of these systems, basin, furrow and flooding systems are conventional surface 
systems which need more water, and is not available in our mandarin orange growing areas. 
Considering the water sources and efficiency of water use, the sprinkler and drip irrigation 
systems are recommended. The rates of water use efficiency of sprinkler and drip systems are 
70-80 percent and 80-90 percent, respectively. 

Excessive irrigation is unfavorable to the mandarin orange orchard as it may lead the citrus 
foot and root rot, a very serious fungal disease caused by Phytopthora fungi. Water logged 
conditions around the tree trunk should be avoided. Even in the inner side of the bench terraces 
in mountain uplands with clay red soils, faced drainage problems need to take care during 
heavy summer and develop drain facilities without delaying to root decaying problems.  

Inter-cropping
The principle of intercropping is to take additional income from other crops from mandarin 
orange orchard. As mandarin orange is a perennial crop and it takes 5-6 years to get income.  It is 
possible to utilize the open space between fruit trees by planting short period leguminous or other 
vegetables crops for first four to five years. Intercropping not only provides additional income 
to the farmer but also checks the weed growth, conserve soil moisture and prevents soil erosion. 

Exhaustive crops like maize, millets, wheat are not suitable for intercropping. The shallow 
rooted and short duration crops like pea, cowpea, dwarf french bean, soybean, chili, garlic, 
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gram, leafy vegetables, cabbage, cauliflower, carrot are beneficial intercrops in mandarin orange 
orchards. The vine crops like pumpkin, sponge guard, are not suitable for intercrop as they 
cover and compete with the growing plant and attract different pests and diseases. Intercrops 
should be additionally manured and fertilized. The pests and diseases of the intercrops should 
not attack the main crops. The fruit trees and intercrops should be provided with independent 
irrigation support. 

Weed management
Weeds are serious problem in mandarin orange orchards. Due to shallow fibrous root system 
mandarin orange is susceptible to weed competition. Tree basins around the canopy should be 
kept free of weeds all the time of the year otherwise they compete with fruit trees for moisture 
and nutrients, and provide shelter for pests and diseases. Major weeds can be controlled by 
hand pulling, cutting, hoeing and tillage. Regular practices of manuring, hoeing, mulching 
by dry straw and grass and proper intercropping will control weeds in integrated way. 
Alternatively, Diuron (5 kg/ha) and Terbacil (4.5 kg/ha) pre-emergence and Atrazin (5-6 kg/
ha) post-emergence weedicides can be used for chemical weed control. Bromocil (6 kg/ha) is 
most effective in controlling both monocot and dicot weeds.

Mulching
Mulching conserve soil moisture by reducing evaporation, improves soil fertility and health by 
adding organic matter. It also reduces the weed growth by blocking sunlight and moderate soil 
temperature by acting as an insulator. The organic materials like dry straw, grass, saw dust, rice 
hulls, dry leaves, weed scrapings are basically used as mulching materials. Plastic sheets are also 
used as a mulch nowadays, which provides moisture retention, helps in soil heat up faster and 
retain, improves soil texture, prevent some pests, protects plant roots and suppresses weeds.    

The mulch should not be in contact with the trunks of the trees, as this can provide a site for 
pests and diseases. The bark of the trunk becomes soft and vulnerable to pests and diseases if it 
is covered by moist organic matters. The best time for mulching in mandarin orange orchards 
is September to October, when the moisture is available in the soil and organic materials, such 
as scrapings of weeds abundantly available for mulching. If mulching is done before surface 
soils are dried, it helps to retain the moisture. It is recommended to do mulching to a depth of 
8 cm. Mulching should be practiced in all mandarin orange growing uplands of Nepal.

Canopy management
The alteration of tree canopies to maximize the production of high-quality fruit is known as 
canopy management. Proper control of vegetative growth is essential for the maintenance of 
healthy, productive mandarin orange orchards. Mandarin orange orchards are not generally 
pruned but to give ideal shape and keep tree healthy, tree training and pruning is essential. An 
ideal mandarin orange tree should be low headed with a dome like crown. Pruning of young tree 
to give them proper shape and size is known as training. Mandarin orange trees are trained to 
single stem with 4-6 well spaced branches for making the basic framework and the lowermost 
branches should be allowed not to grow below the height of 50 cm from the soil surface.
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Pruning 
The bearing mandarin orange trees require little or no pruning but the removal of dead, diseased, 
criss-cross and weak branches should be pruned or removed. Removal of water sprouts and 
suckers is essential. Pruning of non-bearing trees can be done at any time of the year but for 
bearing trees the best time is after harvesting, during late winter or early spring when these 
are in slightly dormant stage. It is necessary to understand the response to pruning depends 
on several factors including variety, tree age, vigor, fruiting habits, growing conditions, and 
production practices. The mandarin orange growers should have clear understanding of the 
principals involved in canopy management. 

Sunlight provides the energy for photosynthesis in which carbon dioxide from the air and 
water from the soil are combined in leaves to form foods upon which trees live, grow and 
bear fruits. So, the sunlight intercepted by the tree canopy is important for high yields of 
good quality. The balance between tree growth and fruitfulness appears to depend upon the 
relationship between carbohydrates and nitrogenous compounds within the tree. When both 
are adequate, moderate growth and high yield occur.

Disease management
Many diseases reported in mandarin orange in Nepal, Huanglongbing (Greening) disease 
is the major one and now being threat to the citrus industry. Other important diseases are 
Phytopthora induces diseases, Tristiza virus, canker, twig blight, and powdery mildew.

The major three diseases management is described here: 

Huanglongbing (Greening)
This disease is caused by the phloem-restricted gram-negative bacterium known as Candidatus 
Liberibactor asiaticus. It is polymorphic in nature and cannot be cultured in artificial media. 
Symptoms: At the beginning yellowing of single or few branches is observed in some trees of 
the orchard which gradually spreads out to other branches. The infected trees become severely 
affected with symptoms like open growth, stunting, twig die back, sparse foliage and sever 
leaf and fruit drop. The whole orchard declines within 2-3 years. This disease is transmitted 
by insect vector called Citrus psylla- Diphorina citri.
Management: 

	Strict management of internal and external quarantine. 
	Removal of infected trees.
	Use of healthy planting materials produced under screen houses. 
	Removal and destruction of alternate hosts- Kamini- Murraya paniculata and Murraya 

exotica (Asare of Boke jamun)
	Control of Citrus psylla by insecticide during March-April

Phytopthora induced diseases
It is a soil borne pathogens and remains in the soil for long time. The disease is caused by 
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different species of Phytopthora. 

Symptoms: Damping off of seedlings, root rot of grown-up seedlings and in grown up citrus 
trees, foot rot, collar rot, and gummosis. 

Management: 

	Produce healthy saplings inside screen house, use fumigated soil media.
	Use containerized nursery with sterile media
	Graft union should be 25-30 cm above ground level
	Field nursery seed bed should be well drained
	Use Phytopthora resistant rootstock- Poncirus trifoliate grafted saplings only.
	Application of Bordeaux paste and drenching with Bordeaux mixture is very effective.

Citrus root nematodes (Tylenchus semipenetrans)

Citrus root nematode as a new species, Tylenchulus semipenetrans, was identified as the causal 
agent of slow decline in citrus in 1913. The nematode is found causing disease worldwide 
in citrus growing areas (Duncan, 2005). Among all species, T. semipenetransis dominant 
pathogenic species in most citrus regions (Verdejo-Lucas & McKenry, 2004). The disease is 
a major and common disease of citrus prevalent in all citrus growing areas of Nepal (Karki, 
1997). 

Symptoms: Root stunting and root decay occurs and the above ground parts of the plants have 
reduced growth, die back from the tip of the plant, reduced in fruit size and production of the 
citrus (Acharya et al., 2019). 

Management: 

	Use healthy saplings and intercropping with marigold reduce the nematode incidence in soil. 
	Use of resistant Swingle citrumelo (Galeano et al., 2003) rootstocks if available and 

trifoliate orange rootstocks (Acharya et al., 2019) 
	Soil drenching with Dichlorofenthion @ 45ml/ha or Ethoprophos @ 40gm/ha can 

effectively manage the nematode population in soil (Pandey, 2022).

Insect pest management
Citrus psylla, green sting bug, leaf minors, scale insect, white flies, black aphids, brown aphid, 
red mites, blue beetle, lemon butterfly, stem borer, bark eating caterpillar, Chinese fruit fly, 
oriental fruit fly are common insect pests found in Nepalese mandarin orange orchard (Poudyal 
et. al., 2016). 

Management:

	Integrated approach of management is best way 
	Stressful condition on plants should be avoided such as close planting and water logging, 

drought etc.
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	Good orchard sanitation and removal of weed is very important. 
	The affected plant parts should be pruned timely and destroyed.
	Excessive use of nitrogenous fertilizer and irrigation should be avoided in mandarin 

orange orchard.
	Need base application of insecticides for management of insect pests based on ETL is very 

important for commercial production.
	Use and conservation of predators/parasitoids and other natural enemies.
	For management of bark eating caterpillar, stem borer application of Bordeaux pastes 

during March-April and September-October on the tree trunk up to the height of 1m is 
very effective (Nath & Deka, 2020).

Phanerogamic Parasitic plants (Ainjeru)
It is the member of family Loranthaceae, polyphyletic group of flowering parasitic plants and 
are commonly known as “Ainjeru” or “Lisso” in Nepali (Pandey, 2022). ‘Ainjeru’ are obligate 
stem parasites which may be holo or hemiparasite and have haustorium for the absorption 
of nutrition from the host, attachment to the root and penetration into the host. Of the over 
1300 mistletoe species occurring worldwide, 19 species of mistletoes are available in Nepal 
(Devkota, 2005). The dispersal of seeds of the plants is through birds and animals (Pandey, 
2022). According to Lama (1980), the Mistletoes growing around and parasitizing citrus plants 
throughout the country. 

Symptoms: Swellings or tumorous growth of the infected tissues is observed at the point 
where haustorium is produced. The affected host plant becomes stunted. The parasitic plant 
feeds and leads to dieback and death of the branches (Pandey, 2022).

Management: 
	Remove infected branched by cutting 1cm below the infected part and is suggested to 

prevent further spread of the Ainjeru in citrus. 
	Base banding with 1% 2,4-D for xylem translocation that results in non-regenerative 

parasitic mortality and two consecutive foliar sprays with either 1% ethephon or 60% 
diesel, with the second spray on leaf re-emergence was reported effective for Ainjeru 
(Deepu & Habeeburrahman, 2013). 

Other disorder management
	Sun burn: Sun burns usually occurs during May-June. Damage symptoms appear on 

leaves, stems and fruits. Symptoms on leaves appear as burning and affected tissue be-
come brown. Moisture stress during summer months intensifies this problem so moisture 
stress during this period should be avoided. 

	Cold injury: Frost can damage both tree and fruit of all citrus varieties. The mandarin 
orange fruit is usually damaged when temperatures fall below 3.30C for a period of several 
hours. Young trees can be successfully protected from frost by providing irrigation. 
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	Fruit cracking: Fruit cracking is related with the problems of disturbed water relations 
in plant, peel thickness and peel maturity of the fruit. Trees take up water from rain or 
irrigation after a long dry period and fruit expands, cracking the peel of the fruit. Plant 
should not be exposed to water stress to avoid this problem.   

Conclusion
The latest report says mandarin orange is being grown in 56 districts and out of them 42 are 
recorded for commercial production area. It occupies about 60% of total citrus and 13% of total 
fruit production in Nepal. Due to low investment, use of unhealthy planting materials and weak 
research and extension support the mandarin orange orchards are facing complex problems of 
management and it ultimately causing citrus decline in Nepal. As mandarin orange farming 
is traditionally practiced in dry uplands/bari and marginal rainfed area of mid hills, where 
moisture stress during flushing, flowering and fruit set results poor quality fruits. Additionally, 
unbalanced fertilization and manuring; intercropping of exhaustive crops and heavy ploughing 
diminishing the orchards productive life. It is most urgent to address this issue to improve the 
regulatory, managerial and technical capacity by transforming present traditional fruit farming 
practices to improved ones. Realizing this fact, good orchard management practices adapted 
in Nepal and India from the orchard site selection, quality planting materials selection, soil 
and moisture management, balanced manuring and fertilization to insect pests and diseases 
management is summarized in this chapter.        
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Abstract 

A household survey was conducted in a citrus production pocket of Sudur Pashchim Province (SPP) 
i.e. Kailali (Sahajpur), Dadeldhura (Bagarkot), Baitadi (Durgabhawani), Doti (Kaphalekhi) and 
Achham (Mangalsen) from August 26 to September 5, 2006. Selected sites were already known 
history of low productivity and suffering from the citrus decline. All the information collected by using 
semi-structured questioner from twenty randomly selected citrus growing farmers of each pocket. 
More than 90% farmers were used seedling plant in their orchard. Established nursery condition was 
observed in poor condition. There were no improved orchard management practices followed by the 
farmers. Most of the old orchard was in declined condition. Powdery mildew and root rot were two 
major fungal disease found in all districts. Upland rice or maize (rainy season) and wheat (winter 
season) are commonly intercropped in the orchards. Plant parasites of citrus, Aijeru (Loranthus Spp) 
was commonly found in all districts but was very severe in Achham.  Green string bug was the major 
insect causing citrus fruit drop. There was no proper marketing channel, most of the farmers were 
sale their product by them self only few farmers sale to the whole seller. Survey revealed that on an 
average, citrus fruits, mainly mandarin and sweet orange, contributed about 25% family income of 
citrus grower. Thus citrus cultivation in SPP was found very primitive and traditional and can increase 
productivity through dissemination of improved production technology. 

Keywords: Survey, Semi-structure, Orchard, Aijeru, Powdery mildew, Green sting bug, Whole seller, 
Primitive

Introduction
The hilly area of Nepal, occupies about 68% of land and about 45% of the population are living 
in this region among which about 40% are living below poverty line. Per capita availability 
of cultivated land is so small (<0.105 hectare), that subsistence production of cereal crops 
from rainfed hill slope is not sufficient to improve the hill people (MoALD, 2005). Mild sub-
tropical climate available in mid-hill (800-1400 m) agro-ecological region of Nepal is very 
suitable to produce high quality citrus fruits (Roistacher, 1996) and thus, has great potential 
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for export (Gurung, 2003). In Nepal, citrus fruit crops like mandarin orange, sweet orange, 
acid lime and lemon were cultivated in about 26,682 hectare of land in 2005 of which 15,206 
hectare had fruit bearing trees with 164,075 metric tons of total production (MoALD, 2005). 
Despite of high potentiality, the productivity of citrus in Nepal is very low (10.7 tons/ha) 
compared to many other major citrus growing countries like USA- 35 tons/ha., Spain-28 tons/
ha, Japan- 22 tons/ha, Brazil- 22 tons/ha etc (FAO, 2004). Even within Nepal, Sudur pashchim 
Province (SPP) has lowest productivity (9.7 tons/ha) than the other regions (MoALD, 2005).  
Sudur Pashchim Province (SPP) shares about 9% (2402 ha) of total citrus area of the country 
but due to low productivity, its share on total citrus production is only 8.1%. Even at present 
level of low productivity mandarin orange gives about 4 times more profit than the cereals in 
upland cropping system of mid-hills (Gauchan, 2003). However, citrus growers of Nepal in 
general and those from far western hills in particular have not yet received anticipated benefit 
from citrus cultivation. Therefore, a survey was conducted in five citrus production pockets of 
SPP to find out existing citrus cultivation system, which are directly, or indirectly contribution 
for low productivity. 

Materials and methods
A house hold survey was conducted in a citrus production pocket of SPP i.e. Kailali (Sahajpur), 
Dadeldhura (Bagarkot), Baitadi (Durgabhaqani), Doti (Kaphalekhi) and Achham (Mangalsen) 
from August 26 to September 5, 2006 (2063 Bhadra 10 to 28). Before selecting the sites 
detailed discussion was held in the DADO offices with senior staffs. Then the above-mentioned 
pockets areas were selected for conducting survey. Pocket areas those pockets having known 
history of low productivity including citrus orchard decline problem were selected. Information 
on orchard management practices was collected by using semi-structured questioner from 
twenty randomly selected citrus growers' farmers of each pocket of the selected district. The 
survey team members composed of citrus expert, representative officers of District Agriculture 
Development Office (DADO) and socio-economist. The team members also noted down the 
remarkable aspects of citrus cultivation that existed in farmers' orchards.  Secondary data and 
other necessary information were also collected from DADO. 

Results and discussion 
Agro-ecology of citrus cultivation 
Citrus orchards in the survey areas were established in a wide range of altitude from 1000-
1650 masl which is typical mid-hill climate in up-land terraces under rain fed condition. Most 
of the orchards were established at around 1000 masl altitude range in Sahajpur, Kailali district 
and orchards of Sirad, Dadeldhura were established relatively in higher altitude (1450-1650 
m). According to the farmers view, sometimes frost was observed in the higher altitude range 
Dadeldhura district, but that does not affect to the citrus trees. The soil type of citrus orchards 
in all sites was found loam to clay loam, which is suitable for citrus cultivation.    

The agro ecological characteristics of survey sites were north or north-west facing which 
is favourable for citrus cultivation, where moisture is conserved for longer duration during 
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summer season in the hill. Citrus production pocket of Shajpur, Kailali was very near from 
motorable road (1.½ an hour walking distance) while Mangalsen of Achham was at least 
8 hours walking distance from nearby motorable road (Table1). However, construction of 
roads through district and national projects are found undergoing which indicates that 
citrus production pockets will be connected by roads within few years thereby reducing the 
transportation cost of inputs and farm products significantly.    

Table 1. Agro ecological characteristics of sites
S.
No

District Location of pocket Altitude 
(M) Aspect Distance 

from road 

1. Baitadi
Durgabhawani VDC -2, 
Barkurali

1450-1580 North facing 3 hour 
walking

2. Dadeldhura Bagarkot VDC-5, Serad 1350-1650 North 6 hour 
walking 

3. Doti Kaflekhi VDC-5, Tichada 1200-1350 North facing 3 hour 
walking

4. Achham Mangalsen VDC-5,6 1350-1450 North west 8 hour 
walking

5. Kailali Sahajpur-6,9 1000-1350 North facing 1 hour 
walking

Socio-economic characteristics
All the castes of the region like Chhetri, Thakuri and Dalit were involved in citrus cultivation. 
In recent years rich people have started to migrate to terai and urban areas due to political 
conflict. It was found that such migrated families give their existing citrus orchards in lease 
to the poor people. Such leased out orchards were not maintained properly and were also 
serving as the source of diseases. Most poor people were not involved in citrus cultivation 
because of limited land and other resources required for cultivation. Therefore, households 
from economically middle class have the majority of citrus growers in surveyed areas. 
Young people were found reluctant to stay in the village either due to the unemployment or 
unfavourable political situation. They were found to prefer off-farm employment in urban 
areas or in foreign employment.   

Average working manpower per household family was five. Labour exchange system between 
the neighbours was common practices in the SPP. Except in large sized orchards, the family 
members mostly fulfil the labour requirement for orchard management. Mostly labours are 
used at harvesting and transportation of fruits. The size of citrus orchard per household varied 
from 10 to 19.4 Ropani or 85 to 1722 trees in the surveyed areas. Average number of households 
involved in citrus cultivation was 60 in Kaphalekhi and 120 in Mangelsen.  Number of citrus 
trees per family ranged from 85 in Baitadi to 172 in Doti (Table 2).
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Table 2. Socio economic characteristics of the survey sites
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1. Durgabhawani VDC -2, 
Barkurali 80 8 3 5 18.7 85

2. Bagarkot VDC-5, Serad 75 9 3 5 10.0  132 

3. Kaflekhi VDC-5, 
Tichada 60 7 3 5 10.1  172

4. Mangalsen VDC-5,6 120 8 3 5 19.4 115
5. Sahajpur-6, 9 90 9 5 6 16.5 115

Average 85 8 3 5 15 124

* Five classes passes in a family.
** Average size of twenty selected citrus growing farmers. 

Nursery management system
Survey team visited three citrus nurseries owner in Dadeldhura, Doti and Achham district 
and collected detail information on nursery management system. All these nurseries were 
established under citrus orchards with many bearing trees showing symptoms Huanglongbing 
(HLB) disease. More than 90 percent of planting materials produced in these nurseries were 
seedling plants. Nursery owners have not maintained selected mother plants for sapling and 
scion production in hygienic condition rather they collect seeds for seedling production 
randomly from any tree. They also collect seeds from unmarketable poor quality fruits. Nursery 
practices such as selection and rouging of off-type seedling is not practiced. According to 
nursery owners, farmers prefer seedlings plants than the grafted pants because of three reasons: 
(a) seedlings are cheaper than grafted plant (b) easy to establish in the orchards and (c) farmers 
can produce themselves. Seedling trees are highly susceptible to soil borne diseases like 
phytophthora root rot. In summary, nursery management system was found very poor in the 
far western region. Success of citriculture heavily depends on the quality planting materials. 
One of the causes of decline of mandarin orange trees in the survey sites seems to be used of 
poor quality planting materials for orchard establishment. So, replacement of seedling trees 
by disease resistant grafted plants will help for improving productivity, quality and productive 
life of commercial citrus orchards. 

Orchard management system
Area of citrus cultivation has been increasing every year in all districts due to awareness of 
farmers that citrus fruits are more profitable than cereal crops. About 30% of the sampled farmers 
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had more than 50 trees. Existing orchards were found predominantly seedling origin. Most of 
the old trees were planted at edge of the terraces. Saplings are planted in holes made by iron 
or wooden peg without following recommended size and pit digging system. Because of edge 
planting, the matured trees (more than 20 years old), were suffering from the moisture stress and 
malnutrition. Farmers were not adopting any training and pruning practices. Ainjeru (Loranthus 
spp) was found on the citrus trees in all sites. Extension service on citrus cultivation was found 
so poor that even the removal of Ainjeru from citrus trees was not adopted by the farmers. 

Cropping pattern: Citrus, maize, upland rice, wheat and millet were the major crop of upland 
(Bari land) in the surveyed sites. Almost all trees in old citrus orchards were found planted 
at the edge of upland terraces. In such situation the terraces of the field were used for cereal 
crops. However, in recent years farmers have started to establish citrus orchards inside the 
terrace. Intercropping of cereals under young citrus trees was also common practice in all 
districts. In Doti, upland rice during rainy season and wheat in winter season were the most 
common crops used for intercropping followed by finger millet. In Kailali, Dadeldhura and 
Baitadi maize and wheat were found commonly grown as intercrop under citrus trees. In 
recent years, few farmers have also started planting soybean, mustard, vegetables or potato 
under citrus orchards.  

Manure and fertilizer: None of the citrus growers of the surveyed areas were found using 
any chemical fertilizer to citrus trees due to higher cost, no irrigation and lack of awareness 
about the nutrient requirement of citrus trees. Domestically produced compost was the main 
source of nutrient for citrus and other crops. But cereal crops get first priority while applying 
compost. Compost is applied to citrus trees, if it is left after applying to cereals. Livestock like 
cattle and goats are the major source of compost and manure. Farmers also use farm and forest 
products for making compost. The compost making technique was found very traditional 
resulting to poor in quality compost. In most cases, domestically produced compost was not 
sufficient to fulfil nutrient requirements of farmland. 

Weeding and Irrigation: The amount and time of irrigation is dependent on tree age, soil 
type, climates and irrigation techniques. Mature trees require more water than young trees 
but young trees require more frequent irrigation because of limited root systems. As citrus is 
a perennial evergreen tree, it needs moisture in the soil throughout the year. In SPP, all citrus 
orchards are established in upland areas where the sources of irrigation are not available nor do 
farmers follow any practices for moisture conservation like mulching around the tree canopy. 
Trees solely depend on rainwater for moisture requirement. Therefore, such trees were found 
suffering from moisture stress during drought season. Hoeing and weeding is done for cereals 
but not especially to the citrus trees. In summary, very poor orchard management practices are 
being adopted in all survey sites. A matured citrus tree requires minimum of 45 to 50 inches of 
water annually for maintenance of tree health and best quality fruit production (Sauls, 2002). 
So, technique of moisture conservation especially for dry season that suits for up-land rain fed 
citrus growing conditions of Nepal should be developed for productivity improvement. 
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Disease and Insect Pest
Powdery mildew (Oidium tingitanium) was the most common disease of citrus species in all 
districts. According to farmers the disease is more serious during July- August when new flushes 
develop in the trees and weather is fuggy. Trees showing symptoms of Huanglongbing (greening) 
disease were located in Dadeldhura and Doti but needs to be confirmed by Polymerase Chain 
Reaction (PCR) test. Although the population of Diphornia citrii, (vector of Huanglongbing) 
was observed in areas of Kailali (below 1000 m), it has also been found up to 1900 m altitude of 
Nepal (Gurung et al, 1992). So, high priority should be given on monitoring HLB disease and its 
vector along with appropriate management programme to save the citrus orchards of the region.   

Ainjeru (Loranthus spp), a kind of plant parasite was found on citrus trees in all sites. In some 
cases trees were seriously affected by this parasite. It absorbs nutrients from plant tissues 
resulting to decline of citrus trees. Root/ foot rot (Phytophthora spp) and Melanose disease 
were also found in survey sites. Two diseases namely Huanglongbing and root rot are the two 
major agents for citrus decline in this region. Among citrus insects, green stinkbug and leaf 
minor were the most commonly present in all sites. Farmers do not practice any control or 
preventive measures to control of these insects.    

Marketing system
Mandarin orange (Citrus reticulata Blanco), sweet orange (Citrus sinensis), acid lime (Citrus 
aurantifolia) and lemon (Citrus lemon) are the major citrus species found in surveyed areas. 
Among them mandarin orange was the important sources of cash generating commodity due to 
easily marketable. Most of the farmers who have their own land are cultivating citrus trees. The 
number of trees per household ranged from 10 to 350 trees depending on land size. Depending 
on the size of orchard citrus growers are earning from Rs 5,000 to 150,000 per year. On and 
average about 25 percent of household income was contributed by citrus fruits. Small farmers 
who do not have citrus trees are getting jobs in fruit harvesting and transportation to markets. 
They also involve in marketing of citrus fruits in local market. A hired labour gets Rs. 150 to 
200 per day for fruit transportation depending on distance and weight of load from producers. 

There is no reliable channel of marketing for fruit sale in the survey sites. Farmer's sale fruits 
to whole seller, local costumer or vendors in average price Rs.1.25 per fruit or Rs 15.0 to 20.0 
per kilogram. Consumers prefer mandarin orange than sweet orange. Therefore, sweet orange 
is sold only after mandarin orange is completely sold out do not grade fruit in February-March. 
Generally, growers themselves do not do grade fruits but the whole seller or retailers do fruit 
grading based on size. Small sized orchards located at scattered places and away from motorable 
roads are the major constraints for citrus marketing resulting in low price to producers, high 
marketing cost and risk to traders. 

Conclusion
Citrus cultivation was not limited to any particular cast but was under taken by all casts such as 
Brahman, Kshetri and lower cast residing mid hills region. Young people were not attracted towards 
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agriculture including citrus cultivation. They preferred off-farm employment either in cities of 
Nepal or foreign countries such as India, Middle East and Malaysia. This is one of the obstacles for 
commercialisation of citrus cultivation in SPP. About 90% of the planting materials were seedlings. 
Few private nurseries have started producing grafted plants in recent years but quality of such 
plants was poor. Citrus nurseries have been established under orchards with trees suspected to 
be contaminated with graft transmissible diseases including Hanglongbing. Agriculture extension 
agencies of the region are lacking any program to improve the quality of grafted plants. Nursery 
owners do not maintain quality mother plants although they know the importance of mother 
stocks for quality saplings production. Almost all old citrus trees (>20 years old) are planted at the 
edge of terraces. In recent years farmers have started to plant inside the terraces. Recommended 
technologies of pit digging and soil preparation are not followed. A small hole is made by iron peg 
and seedling is planted in it. Farmers do not apply chemical fertilizer to citrus trees but they apply 
compost, if it is left after applying to cereals. Upland rice or maize (rainy season) and wheat (winter 
season) are commonly intercropped in the orchards. Powdery mildew and root rot were two major 
fungal disease found in all districts. Citrus trees with typical symptoms of Haunglongbin (HLB) 
were also found in Dadeldhura and Doti district, which needs to be confirmed by PCR test. Plant 
parasites of citrus: Aijeru (Loranthus Spp) was commonly found in all districts but was very severe 
in Achham.  Green string bug was the major insect causing citrus fruit drop but none of the farmers 
were found applying any measure (local/ scientific) to control the insect. Farmers can earn Rs 500-
15000 per year per family depending on orchard size. Survey revealed that on an average, citrus 
fruits, mainly mandarin orange and sweet orange, contributed about 25% family income of citrus 
grower. Farmers' sale fruits to whole seller, local costumer or vendors in average price Rs.1.25 per 
fruit or Rs 15.0 to 20.0 per kilogram. There is no organised group particularly formed for citrus 
production and marketing. Thus citrus cultivation in SPP was found very primitive and traditional 
with tremendous scope to increase productivity through dissemination of improved production 
technology. 

Suggestion and recommendation
•	 	Training is needed to nursery owners on selection and maintenance of quality mother 

plant and quality sapling production. 
•	 	Nurseries should be established at least 1 km away from citrus orchard. 
•	 	Introduction of early and late season varieties is necessary to expand production season.  
•	 	Training to farmers on integrated orchard management system is necessary to increase 

the productivity.  
•	 	Removal of unproductive and diseased trees from the orchard and re-plantation using 

quality grafted plants. 
•	 	Implementation of action research or demonstration on nutrient management, moisture 

conservation, and disease management with especial focus on HLB and root rot to 
minimise declining problem.

•	 	Consolidation of citrus production pockets with marketing infrastructure and support. 
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Abstract 
Management of mandarin orange nursery is a complex activity. Practices followed in nursery 
determine the fate of mandarin orange orchard. Most of the private nurseries in Nepal produce 
seedlings of mandarin orange as planting materials that lead to susceptibility to numerous 
diseases. Others producing grafted are in open field condition hence are infected with several 
diseases and pests in the nursery that can easily spread to new areas. Rootstock is an important 
component in influencing tree vigor, height, fruit quality, precocity in bearing and tolerance 
to diseases. Planting material produced by using suitable rootstock in containerized nurseries 
with sterile media minimize the chances of soil borne diseases. Use of screen houses in raising 
rootstocks, mother plants and grafted plants minimize the spread of vector transmissible diseases 
and ensure healthy mother plants. Government owned farms and some well established nurseries 
have initiated the production of mandarin orange planting materials inside screen houses in Nepal 
but different standards are still to be developed. Production and distribution of quality planting 
materials is possible through implementation of bud wood certification program.

Keywords : Mandarin orange, Nursery, Planting material, Diseases, Bud wood

Introduction
Mandarin orange nursery is a profitable enterprise. Its requirement differs slightly from 
other fruit nurseries although most of the practices remain similar. Need for the additional 
requirements (infrastructures and regulations) are due to Huanglongbing (HLB), Phythopthora 
related diseases and other diseases that transmit through insects and propagative materials. 
Mandarin orange nursery production involves mainly two methods i.e. field nursery production 
and protected nursery production. Field nursery is a traditional practice of raising planting 
materials. Private nurseries fulfilling the major demand still produce seedling as main planting 
materials of mandarin orange. Many nursery owners doesn’t know the comparative advantages 
of grafted saplings over the seedlings. They lack knowledge on scientific nursery management 
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techniques. Most of the private nurseries are in open field hence are infected with several 
diseases and pests that can easily spread to new areas. Use of such poor quality planting 
materials is one of the reasons for citrus decline in Nepal. Most of the nurseries involved in 
production of grafted plants are also in open field condition. No proper attention is given to 
prevent the occurrence of soil borne diseases and bud and insect transmissible diseases. Such 
propagation practices are contributing to the spread of diseases such as Citrus Tristeza Virus 
(CTV) and Huanglongbing (HLB) to a great extent ( FAO, 2011). 

Greening is the serious problem for mandarin orange industry in Nepal and is caused by a 
gram negative phloem-restricted bacterium, Candidatus Liberibacter asiaticus. The pathogen 
of this disease is graft and vector transmissible. The disease is spread by Asian citrus psyllids 
(Diaphorina citri) which prefers lower altitude and hot and dry weather conditions. Another 
disease, Phytopthora species cause foot rot, root rot, crown rot, gummosis, leaf fall and brown 
rot diseases in manadarin (Poudyal and Shrestha, 1995). In Nepal, most of the mandarin orange 
trees that are grown from seedlings are reported to be more susceptible to this disease. Even 
grafted trees on rough lemon rootstocks are severely attacked by this disease. But the trifoliate 
and its hybrids are highly tolerant to Phytopthora species. Roistacher (1996) reported that 
mandarin orange is usually a symptomless carrier of several strains of CTV. CTV is a graft-
transmissible virus and is primarily transmitted through infected bud wood and insect vector. 

One of the approaches widely used in the world to combat HLB and other diseases is the 
production of high quality planting material in protected structures. Protected nursery 
production offer advantages like possibility of raising the plants in containers, enhancing the 
grafting or budding duration, protecting the buddings and grafts from extreme hot and dry 
weather. Smaller nursery area is required for containerized nursery production and there is no 
need to change nursery sites every year. Use of sterile growing medium in containers eliminates 
the spread of soil-borne diseases and insects. Use of screen houses in raising the rootstock, 
mother plants and grafted plants prevent the spread of bud wood and insect vectors transmitted 
diseases, thus ensuring the production of high quality planting materials of mandarin orange.

Site selection
The nursery should ideally be located on representative land where climatic conditions are 
similar to the area where the grafted plants will be ultimately planted. It should be minimum 
of 1000 to 2000 meter far from the commercial orchard to minimize the spread of diseases 
(Chalise et al., 2013). 

Raising of rootstock
Different citrus species are used as rootstock for mandarin orange in different countries 
according to their requirements. Graft compatibility, vigor, pests and disease tolerance or 
resistance, adaptability to soil conditions, fruit quality and other features are possessed by the 
rootstocks. Selection of particular rootstock is done on the basis of presence of the greatest 
number of desirable characteristics, in keeping with the requirement of the orchard in which 
the tree will grow. In Nepal, according to Acharya et al (2076) trifoliate orange is mainly 
used as a rootstock for producing mandarin orange plants. Other species like Rangpur lime 
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and Citrange are also used but in negligible amount Once the rootstock has been selected, the 
collection of fruit for seed must be done from the healthy and vigorous trees. Fruit for seeds 
must be picked directly from the tree as the fruit fallen on the ground are more subjected to 
fungal infection that may later contaminate the whole seedbed (FAO, 2011). 

Extraction and treatment of the seeds
Extraction of seeds must be done within 1-2 days after harvest. A shallow cut of about 1 cm 
deep is made through the rind and approximately around the center of the fruit. The two halves 
are then twisted and separated. The cut fruit is then squeezed into a sieve to collect the seeds. 
A hand extractor would be helpful if amount of fruit is large. By placing the seeds in water, 
the floated underdeveloped seeds and the pulp are discarded. Remaining seeds are slightly 
rubbed with ash or sterile sand to remove the mucilage and finally cleaned with water. The 
seeds are then allowed to dry in shade for 2 to 3 days. Sowing the fresh seed increases the 
germination percentage but this may not be always practicable. Germination percentage of the 
citrus seed will drop sharply if the moisture content falls below 70 percent. Seeds should be 
treated with effective fungicides, whether sowing immediately or storing for future (Marte, 
1987). Zip lock polythene bags are recommended, especially when seeds are to be stored at a 
cool temperature. The vegetable compartment in most refrigerator is the best place for storing 
seeds with temperature 4-6 degree Celsius for 6 months without significant loss of viability.

Sowing of seed (Primary nursery)
Field nurseries are the major practice for raising seedling rootstock and the grafted saplings of 
mandarin orange in Nepal. Eradication of soil borne pathogens once introduced becomes very 
difficult in field nurseries. Seed beds are prepared by mixing well decomposed FYM in soil. 
Use of virgin soil collected from the forest is also found. Seed bed of about 75 cm width with 
suitable length are raised 15 cm above the general level of the plot to facilitate drainage. Then 
seeds are sown 1.5 cm deep in line maintained at a distance of 10 cm. Mulching is done with 
locally available organic materials and followed by irrigation. Almost 75 cm height plastic 
tunnel is made above seed bed to maintain temperature.

Next method can be use of plastic trays to raise rootstock seedlings. The trays are filled with 
sterilized soil mixture and kept at least 1.5 to 2 feet above the ground level to avoid soil 
borne contamination from the ground. A potting mixture of soil, sand and well rotten FYM 
or compost should be used in equal proportion (1:1:1) for filling the trays. Disinfection of 
the media is mandatory to reduce the pest and disease damage. Two types of disinfections 
(chemical and physical) are commonly practiced. Physical disinfection includes steaming and 
solarization while chemical method involve use of different chemicals.Besides use of soil in 
tray, there are several commercial growing media (like coco peat, vermiculite, and perlite) 
which are used by Hi tech nurseries in different countries.

Trifoliate seed can be better germinated through use of sand also. Growing of seedlings in sand 
is a simple and inexpensive method which may be used as an alternative for market available 
different costly growing media. Sand must be clean and should be sterilized. As compared with soil 
culture, the sand method produces seedlings that are uniform in size and have a strong root system. 
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Seedlings grown in soil are usually affected by damping off.  Clean sand contains practically no 
materials of an organic nature that is necessary for fungal growth and is an ideal growing media for 
the growth of disease free seedlings. Sand is devoid of any type of nutrition so the seedlings should 
be timely transferred (10 cm height) to soil media for attaining graft able size. This sand method is 
in practice in Warm Temperate Horticulture Center since 10 years for growing trifoliate seedling 
with the purpose of avoiding damping off in primary nursery.

Transplanting of seedlings (Secondary nursery)
The rootstock reach 20- 25 cm in height in between 5 to 6 months of sowing depending 
upon the growing condition and the location. Rootstock grown in primary nursery should be 
transferred after 4-5 month to secondary nursery during June- July after the commencement 
of monsoon preferably during drizzling or during evening hours followed by watering. The 
nursery bed must be watered thoroughly before uprooting the rootstock to minimize root 
damage. Rootstock with twisted tap roots should be avoided. The selected rootstock should be 
treated with a fungicide solution for ten minutes before transplanting.

Secondary nursery can be either nursery bed or containerized. Many nurseries practice nursery bed 
for transplanting rootstock from primary nurseries. Rootstock are transplanted in a well prepared, 
manure and leveled nursery bed at the distance of 15 cm in rows spaced at 30 cm apart. Distances 
of 60 cm after every two rows facilitate budding/grafting and cultural operations.

In case of containerized nursery, germinated rootstock when attain height of about 20-25 cm need 
to be shifted to polybags. Black colored UV stabilized poly bag of 200 micron with size 12 x 6 inch 
are suitable. Such polybags are filled with potting mixture as mentioned earlier and a hole is made 
with stick in each polybag. Long tap root of the rootstock can be trimmed before transplanting. 
Once transplanted, the rootstock must be kept in best possible condition to guarantee rapid growth 
and good health. Growth of trifoliate orange is slow in sub-tropical regions .To increase the 
proportion of plants to be graftable, spraying with urea @1.5% on rootstock at monthly interval is 
highly beneficial and effective (Pandey and Karki, 2076/77).

Mother plant production
Selection of mother plant should be given top priority as it decides the life of the mandarin 
orange orchard. The mother plants should be planted at higher density (at 2 meter distance) to 
accommodate more number of plants and fruiting should not be taken from them to get continuous 
supply of bud wood. To protect from vector transmitted and bud transmissible diseases, the 
mother block should be grown inside insect proof screen net houses (40 mesh size). Regular 
greening and virus detection tests should be performed for the disease status of these trees.

Chalise (2010) states that the mother plant must have been tested for its performance over a 
number of years. It must true to name and type. These plants should be severely pruned in the 
month Jan-Feb to keep them in vegetative phase and to produce enough shoots for propagation 
purposes. The maintenance of mother blocks should be done rigorously so that plants are 
healthy and free of diseases and insect pests. Each tree should be labeled and proper record of 
each variety should be maintained by making layout in the nursery register.
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Budwood/Scion selection 
Budwood is usually collected from the well matured non bearing current year shoots (usually 
spring flush). It should be round and relatively straight with well matured buds ready to grow 
after grafting. After bud wood is obtained from the tree, middle part should be used in grafting 
discarding the upper immature and lower woody part. Although budwood can be stored in the 
refrigerator for 1–2 weeks after placement in zip lock polyethylene bags, it should be used as 
soon as possible.

Propagation
The existing mandarin orange orchards are mostly of seedling origin and seedling is still the 
preferred propagating material for mandarin orange in Nepal. Government owned farms and 
few well established nurseries are producing grafted saplings of mandarin orange. Budding 
is the major practice in different countries for the propagation of mandarin orange trees. But 
in Nepal mainly side veneer and splice grafting are in practice. For grafting in mandarin 
orange December to February is ideal however it differs according to location.  Three different 
methods of grafting in mandarin orange are discussed as stated by Acharya and Pakka (2077).

Side Veneer grafting
For conducting this grafting operation, rootstock of pencil size diameter is headed back to 
retain 15-20 cm long stem from the collar region with secateurs. Then a slight upward cut of 
40 mm long towards the top is made in the smooth area of the stock to facilitate splitting of the 
rootstock. From the base of this cut, smooth cut at of 2.5 cm extending downward from the top 
of the stock was made at 1/3 of the diameter of the stock with a sharp grafting knife. The scion 
with 2-3 buds is given a long slanting cut (2.5 cm) on one side and a small short cut (50mm) 
on the other so as to ensure better fit of scion with rootstock. The scion is inserted into the split 
of the stock in such a way that the longer cut of the scion comes in contact with the rootstock. 
The union is pressed properly and then tied with the help of 150 gauge polythene strip, 2 cm in 
wide and 25–30 cm in length. Begin wrapping below the union with 3–4 turns and finish with 
several turns above the union covering all cut surfaces. The end of the tape is secured beneath 
the last circular turn. The wrap should be firm without being excessively tight. Immediately 
after grafting, the scion is covered with para film to protect the scion from desiccation. If the 
scion remains green after 2 weeks of grafting, it means the union is successful.

Splice grafting
This method is commonly used when the stock and scion are of equal diameter. First, a smooth 
diagonal cut of about 2.5 to 3 cm long is made on the top of the rootstock. Similar cut is made 
at the bottom of the scion. These two cut surfaces are placed together and tied in the similar 
way mentioned earlier.

T budding
T budding is the worldwide practiced vegetative propagation method in mandarin orange. The 
budding may be conducted whenever the bark of the rootstock easily separates. This condition 
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usually occurs during the period of growth between Marchs to May in mid hills. A vertical 
cut of about 2.5 cm long is made through the bark of the rootstock. A horizontal cut of 1/3 rd 
of the rootstock diameter is made at the top of the vertical thus making a shape of “T”. To get 
the bud from the budwood, cut about 1.5cm above the bud removing a shield shaped piece 
of bark and wood of about 2.5 cm long. The pointed part of knife can be used to lift the bark 
along the vertical cut of rootstock. The bud should be immediately inserted into the rootstock 
to prevent from drying. Begin wrapping below the bud with 3–4 turns and finish with several 
turns above the bud covering all exposed surfaces of the bud with tape. Some propagators 
prefer to leave the bud eye free while others prefer to cover it completely. Unwrapping of the 
tape is done from 15-30 days after budding. Normally, the younger the rootstock the shorter 
the time required. If a successful union has formed between the bud and the rootstock, the bud 
will be green. Rootstock is partially cut10-15 cm above the bud and bent down to force the bud 
to grow.This piece of rootstock is  cut off completely when the bud grows out.

Planting of the grafts
Bench grafting is also practiced in mandarin orange. For transplanting of grafts, bed are 
prepared in the same way as for secondary nursery beds. Grafts are planted at a distance of 10 
cm, followed by irrigation  and then covered by jute sacks form inside and plastic from outside 
by making a 75 cm height tunnel. This creates favorable condition for grafting success. These 
coverings are later removed with rise in temperature

Aftercare of budded/grafted plants
•	 New shoots that grow below the bud/graft union are the main cause of graft failure. 

Therefore regular monitoring and de-suckering must be done.
•	 Grafting tape/plastic should be removed 3-4 months after grafting. Delay in removal cause 

girdling which interrupts translocation and result in breakage of stem.
•	 In case of side veneer and splice grafting, if more than one shoot grow from the scion part, 

only one vigorous shoot must be retained.
•	 In case of bench grafting, the grafts are planted in bed under the plastic tunnel. With rise 

in temperature the plastic cover should be removed.
•	 To ensure the proper growth and development of the nursery plants, nutrient and irrigation 

should be well supplied. 1 gm NPK 19-19-19 in one litre water and 1% Urea can be used 
for foliar spray. Micronutrient should be sprayed in case of deficiency.

•	 The nursery area should be kept free from weeds. While weeding and hoeing the 
nurserybeds, care should be taken that inserted buds/ scions are not disturbed.

•	 Staking if necessary should be provided to support and train the straight growth of new 
shoot.

•	 Regular monitoring for diseases and insect-pests incidence in the nursery plants is 
necessary to take timely measures to control them (Dorji and Lakey, 2015)
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Insect pest and disease management in the nursery
Seedlings are susceptible to attack by different diseases and pests in nursery. In primary 
nursery, damping off is the major disease. Seed treatment with Carbendazim 2 gm per kg 
seed is recommended before sowing to prevent damping off. Drenching alternately with 
Carbendazim and Copper oxy Chloride @ 2 gm per liter water can be done in case of disease 
appearance. Insects of economic importance in nursery include leaf miners, aphids and scales. 
Use of Imidacloprid and Abamectinare found to be effective against major insect pests in 
nursery ( Acharya et al 2076). 

•	 Avoid areas with recent history of pest and disease contamination
•	 Sterilize potting media before use.
•	 Use sterilized tools during grafting/budding.
•	 Obtain scion from healthy mother plants.
•	 Ensure adequate aeration to reduce humidity.
•	 Provide adequate nutrition to the seedlings.
•	 Monitor the pest and diseases and apply control measures.
•	 Keep nursery clean of weeds and plant debris.
•	 Remove and destroy diseased plants.
•	 Use clean water for irrigation.

Bud Wood Certification Program
Bud wood certification involves the production of quality planting material of citrus trees. 
Under this rootstock raising, mother block maintenance and the production of grafted saplings, 
all should be done inside the screen houses as a preventive measure against graft and insect 
transmissible diseases. Plastic trays and poly bags with sterilized media are used for raising 
nursery plants.  Mother plants are regularly tested for graft transmissible diseases to ensure 
their health status. Bud wood from such healthy and productive mother plants are used for 
grafting. Moreover regulating the movement of citrus species between districts is done to 
minimize the risk of entry of diseases.  

It was first started in 1937 in California and later adopted by other countries. Almost every 
country facing the threat of citrus diseases has adopted a certification program to preserve 
its citrus industry (Rajput and Haribabu, 1995). Government owned farms and few well 
established nurseries have initiated the production of mandarin orange planting material under 
screenhouses in Nepal although the certification yet to be done.

Conclusion
Most of the problems that incur in mandarin orange orchards originate from the nursery. Death 
of tree resulting from foot rot (Phyotopthora spp.) is often the consequence of a bad choice of 
rootstock and too low grafting height. Similarly HLB and CTV infections often result from the 
use of contaminated bud woods indicating that good nursery practices undoubtedly constitutes 
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the first step towards the successful establishment of mandarin orange orchards. Mandarin 
orange industry is boon for Nepalese people. Recently (on 12 April 2024) mandarin orange 
has been declared as a national fruit of Nepal. To promote and preserve this sector, production 
of high quality planting material is the foremost activity to be done.
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Introduction
The majority of flowering plants reproduce sexually through pollination to seed formation, 
which can occur either within a flower or between flowers of the same plant or flowers of 
different plants. By nature, plants are self-pollinated, cross-pollinated, and plants, which 
produce without pollination and fertilization are termed as apomixes. The pollens from the 
same plant arrive at the stigma of a flower in self-pollination while, pollens from one flower 
transferred to the pistils of another flower in cross pollination. In process of pollination, pollen 
grains are transferred from the anthers of a flower to the stigma of the same flower is called 
autogamy, and pollen exported using a vector (pollinator or wind) out of one flower to another 
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Abstract 

Pollination is the transfer of pollen from the anther- the male part of the flower to the stigma- 
the female part of the flower by means of air, water and animals, enabling fertilization and seed 
production in flowering plants. About 1/3rd of the total human diet comes from bee pollinated 
crops and pollination value worth far more than honey production. Of the total pollination 
activities, insects alone perform over 80% and bees contribute nearly 80% of the total insect 
pollination. The productivity of mandarin orange is very low in Nepal, which is attributed to 
poor orchard management and deficits of pollinators. Therefore, proper management practices 
and timely arrangement of pollinators are necessary for healthy plant growth, vigorous flowering 
and good pollination, which increase the fruit productivity adding farmers’ income up four-folds. 
Furthermore, pollinators contribute to biodiversity conservation, support services to ecological 
balance and fruit farming to sustainability.

Keywords: Mandarin orange, Pollinators diversity, Pollination impacts, Pollinators decline, Pollinators 
conservation
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flower on the same plant is called geitonogamy. Then xenogamy is the cross-pollination where 
the pollen grain transfer occurs across flowers of two different plants. Citrus including mandarin 
orange unlike other fruit crops, has a wide range of pollination requirements. Its blooms 
range varies from self-fertile to completely self-sterile, requiring pollen from other suitable 
varieties by means of pollinators (Gurung, 2021). Thapa (2006) reviewed the honeybees and 
other insect pollinators of crops and recorded 10 species of flower visitors in citrus orchard. 
Pollinators are vital to plant biodiversity and their contribution to agricultural productivity is 
immense (Thapa, 2013). Contribution of insects in global food production ranges between 
15% and 30% (Halder et al., 2019).

Methodology
Information on mandarin orange were collected from the available literature, covering 
pollinators’ diversity, abundance,  pollination impacts on quality yield, causes of their decline 
including integrated pest and pollinator management (IPPM) measures. Based on the findings 
from literature reviews, national citrus production and their contribution to productivity. The 
relevant findings are arranged systematically and presented in tables and figures with brief 
texts and conclusions. 

Pollinators dependant crops
Pollination requirements for crops are quite diverse and understanding the pollination needs 
of different cultivated plants is a prerequisite to appreciate their dependency on animal 
pollinators (Table 1). It has been found that the pollination requirements of citrus is confusing 
due to misleading information. But it is a fact that citrus with self-incompatible varieties, 
self-pollination does not work. This can be overcome by cross-pollination with another 
compatible cultivar. Hence, citrus exhibits a varying degree of pollination requirements due to 
its vast cultivars being developed all the time (Ghosh and Jung, 2016). Pollinator reliance and 
breeding systems differ between and within citrus species, and even between cultivars of the 
same species. For instance, some studies state that cross-pollination is not necessary for fruit 
sets, whereas others show that insect pollinators increase fruit production (McGregor, 1976; 
Free, 1993; Abrol, 2019).

Table 1.  Dependence of crops on pollinators 
SN Crops Pollination dependence (%)
1 Cereal crops 0

2 Citrus fruits 0-30 (vary with citrus types)

3 Oilseeds 10-40

4 Almond, apple 40-90

5 Melon, watermelon 90-100

Source: Ghosh and Jung (2016)
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Pollinators diversity
Mandarin orange is dependent on bees for its pollination and pollinators help in higher yield and 
increased fruit set (Thapa, 2003). Pradhan et al. (2018) recorded 24 species of insects in mandarin 
orange (Citrus reticulata Blanco), in which common honeybee Apis cerana Fab. was the most 
dominant pollinator followed by hoverflies belonging to eight genera, namely, Episyrphus sp., 
Melanostoma sp., Ischiodon sp., Eristalis sp., Eristalinus sp., Scaeva sp., Episyrpus sp., 
and Eupeodes sp. This was followed by stingless bees (Hymenoptera), seed bug (Hemiptera), 
and beetles (Coleoptera) that were sparse visitors. This study shows relevance of pollinators’ 
diversity at different mandarin orange growing elevations. Further studies reveal the importance 
of honeybees (Apis spp.) that have been reported as major pollinators of different varieties of 
Citrus spp. from across the world, for example, mandarin orange in Nepal is pollinated by A. 
florea, A. cerana, A. dorsata, A. mellifera (Table 2). 

Table 2.  Citrus species and honeybee pollinators 

SN Citrus Uncovered Covered Mean

1 Mandarin orange Mar-Apr NP DFCM

2 Sweet orange Apr-May NP DFCM

3 Sour orange Apr-May NP DFCM

4 Sweet lime Apr-May NP DFCM

5 Citron Mar-Apr NP DFCM

N=Nectar, P=Pollen, D=Apis dorsata, F=Apis florea, C=Apis cerana, and M=Apis mellifera 
Source: Thapa and Pokharel (2007)

Foraging activity of insect pollinators in Citrus limon (Lin.) Burm was the highest at 08:00-
09:00 and lowest during 17:00-18:00 hours. Pollinator community of avocado and citrus 
flowers was composed of two bee (Hymenoptera) species, two fly (Diptera) species and four 
butterfly (Lepidoptera) species. The Hymenopteran pollinators were higher in numbers (42%) 
followed by Lepidopterans (33%) and Dipterans (25%). A. florea, E. tuberculatus, and P. 
demoleus were consistent and frequent visitors (Mohmood et al., 2015). 

Studies in Sikkim India, revealed that most dominant pollinator recorded during the observation 
was the common honeybee A. cerana (Gurung, 2021). It repeatedly visited the same flower and 
the foraging activity began at 8:00 h in the morning and the frequency of visits reached its peak 
between 10:00 h to 13:00 h in the afternoon, which stopped after 18:00 h. Temperature played 
a significant role on the field activities of A. cerana. A significant correlation was observed 
between relative humidity (RH) and carbon-dioxide, and negative correlation between CO2 
and temperature. Flowers emitted a strong scent which is a determinant factor in attracting the 
pollinators. 
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Pollination impacts
Citrus sinensis (Lin.) Osbeck blossoms are self-fertile and theoretically do not need bees to 
cross pollinate and set fruits, however, the pollination activity of honeybees has been found to 
significantly increase fruit set and production. Pratap (2000) studied the effect of pollination on 
sweet orange (var Red Junar) in Kirtiur (Table 3). The flower open from 9am to 4pm. Pleasant 
fragrance of flowers are attractive to bees. The Apis cerana Fab. foraging activity started 
early in the morning at 6am and ceased late in the evening at 6:35pm with average foraging 
duration of 22.6 minutes. Bee pollination enhanced fruit set by 24.2% and reduced fruit drop 
by 45.9% as compared to control. It also enhanced the fruit quality (size, weight, juice and 
sugar content) as compared to control and open pollination. Bee pollination also reduced the 
citric acid content by 29.2% as compared to control. The study revealed that bee pollination 
increased final fruit set 41.6% higher than open pollination and 406.6% higher than fruits trees 
isolated from bees. This shows that there is deficit of pollinators in natural condition and needs 
management with bee pollination for exploiting higher potential of fruit yield. In commercial 
fruit orchards it is always true of bee pollination for high quality fruit production with higher 
juice content as evidenced from the previous studies. 

Table 3. Effect of A. cerana pollination on quality and yield of sweet orange in Kirtipur, Nepal

SN Parameter Control Open 
pollinated

Bee 
pollinated

Increase over 
control (%)

1 Initial fruit set (%) 15.5 ±5.7 30.7±4.9 39.7±2.6 24.2
2 Fruit drop (%) 50 12.1 4.06 -45.9
3 Final fruit set (%) 7.5±7.5 26.9±6.7 38.09 30.6
4 Weight/fruit (gm) 146 157.5 170 33.04
5 Fruit length (mm) 60.6 64.4 66.0 8.9
6 Fruit diameter (mm) 54.9 67.4 74.0 34.8
7 Peel thickness (mm) 6.6 5.9 4.4 -33.3
8 Juice/fruit (gm) 155 180 260 67.2
9 Citric acid (%) 2.4 1.7 1.7 -29.2
10 Sugar in juice (%) 9.2 10.8 12.8 39.1

Source: Pratap (2000)

Based on experiment, orange trees that were totally isolated from bees gave production equal 
to 35% of the normal production. The variety Pera-Rio benefitted from the visitation of bees 
resulting in heavier, less acidic fruit with fewer seed sets (Malerbo-Souza, et al., 2003)). The 
fruit production was 35.30% greater in uncovered flowers, fruit weight was higher (180.2 g) 
than covered ones (168.5 g) (Malerbo-Souza, et al., 2004). However, bees did not affect the 
production of C. sinensis var. “Valencia” sweet oranges (Francke et al., 1969). Atkins (1963) 
stated that there is a possibility that cross-pollination by bees may cause them to retain more 
fruit in Washington navels.
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The study in Brazil with Citrus sinensis (Lin.) has shown floral biology favorable to cross 
pollination and bees A. mellifera (66.0%) and Trigona spinipes (Fab.) (34.0%) bees were 
the only visitors to these flowers. Fruit production was 35.30% higher in uncovered flowers, 
and the mean fruit weight was also higher in uncovered flowers (6.9%). Mean fruit size 
(7.1x6.8cm), pulp thickness value (4.78 mm), juice percentage (45.30%), total soluble solids 
(11.31° Brix), and number of seeds per fruit (8.15) were not significantly different for the 
uncovered and covered treatments. Honeybees preferred to collect nectar (94.4% on average) 
than pollen (5.6%) in sweet orange flowers. The study in Brazil has shown an average of 28.2 
± 1.9% and 186.92m g of glucose/flower, respectively in Pera-Rio variety. Bees preferred to 
collect pollen until 1000 hrs in these flowers. This can be explained because this period is very 
important for pollination in this crop (Table 4). The flowers that received up to 9 honeybee 
visits showed lower fructification (56.5% on average) than those receiving 10 to 15 visits 
(83.7% on average). Greater number of honeybee visits on the flowers increased fructification. 
Bee-HereR, eugenol, citral, geraniol, and lemons grass extract can be used diluted in water as 
honeybee attractants to sweet orange crops. 

Table 4. Characteristics of sweet orange (Citrus sinensis L. Osbeck, var. PeraRio) fruits from 
uncovered and covered flowers in Brazil

SN Parameter Uncovered Covered Mean

1 Number 23.0a 17.0b 20.0

2 Weight (g) 180.21a 168.50b 174.35

3 Height(cm) 7.20a 7.00a 7.10

4 Diameter(cm) 6.80a 6.80a 6.80

5 Pulp thickness (mm) 4.82a 4.75a 4.78

6 Juice (%) 45.09a 45.52a 45.30

7 Acidity (g citric acid/100g juice) 1.164b 1.411a 1.287

8 Total soluble solids (°Brix) 11.43a 11.18a 11.30

9 Number of seeds per fruit 8.1a 8.2a 8.15

10 Number of seeds per bud 1.0a 0.8b 0.9

Note: Values followed by same letters on the same line are not significantly different (P ≤ 0.05) 
Source: Malerbo-Souza, et al. (2004)

In the study by Gurung (2021), mandarin oranges were found to be partially self-compatible 
with pollinator dependency of 42%. Fruit set in open-pollinated flowers was higher compared 
to the supplemented ones. Fruit set in open pollination was 46% while the fruit set in autogamy 
and apomixis was 4% and 5% respectively. A significant difference was observed in the weight, 
height, diameter, and number of seeds between different treatments. The average weight of 
fruits was found to be the highest in open-pollinated (54.65 g) followed by geitonogamy (51.61 
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g) and apomixis (47.56 g). The fruit weight (22.56g), height (31.25g), and seed (5) were found 
to be the lowest in autogamy. Fruits resulting from open and supplementary pollination were 
heavier than those resulting from autogamy or apomixes. TSS and TSS/Acidity did not differ 
between pollination treatments (Table 5).

Table 5. Effect of pollination treatments on yield and quality of orange in Sikkim 

Treatment

Fruit characteristics

Weight (gm) Height (mm) Diameter 
(mm) Seed (No) TSS (oBrix) Acidity TSS/Acidity

1. Open pollination 54.29±2.23a 41.44±0.80a 48.74±1.51a 12±0.83a 10.4±1.81a 1.13±0.08b 9.20±1.67a

2. Cross pollination 40.78±2.26d 36.28±1.02bc 42.08±1.14b 10±0.83a 10.8±0.84a 1.10±0.05b 9.81±1.40a

3. Geitonogamy 51.56±1.01b 39.08±1.05ab 47.96±1.25a 10±0.83a 10.8±1.30a 1±0.11c 10.8±1.88a

4. Autogamy 22.68±1.75e 31.40±1.75d 35.49±1.27c 5±1.30b 11.1±1.90a 1.19±0.07a 9.32±1.94a

5. Apomixis 47.81±1.99c 38.20±1.99b 46.77±1.86a 7±0.83c 11.2±1.48a 1.18±0.08ab 9.49±0.66a

Tukey test (p≤0.05) 0.00 0.00 0.00 0.00 0.92 (ns) 0.01 0.45 (ns)

Means with the same small letter within each column do not differ from each other, ns=non-significant. 
Source: Gurung (2021)

Citrus production and productivity
The total area, productive area, production and productivity of citrus for last decade in Nepal 
is presented in Table 6. The area has increased from 2011/12 to 2000/21 except in the year 
2016/17, while production and productivity is not satisfactory. Rather productivity is very 
low as compared to many other countries (Pun et al, 2015). The cause of low productivity 
is attributed to many factors, mainly the orchard management and pollination by bees. 
Timely orchard management practices and bee pollinator use can boost up production and 
productivity. Based on studies, the contribution of pollination on production and productivity 
can be estimated four folds. 

Table 6. Total area, productive area, production and productivity of citrus (2011/12 - 2000/21) 
in Nepal 

Year Total area (ha) Productive area 
(ha)

Production 
(mt)

Productivity 
(mt/ha)

2011/12 35,565 24,089 2,40,793 10.00

2012/13 36,975 23,645 2,16,188 9.14

2013/14 38,988 25,497 2,24,357 8.80

2014/15 39,035 25,261 2,22,790 8.82
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Year Total area (ha) Productive area 
(ha)

Production 
(mt)

Productivity 
(mt/ha)

2015/16 40,554 24,854 2,18,447 8.82

2016/17 46,328 26,759 2,39,773 8.96

2017/18 44,424 25,946 2,45,176 9.44

2018/19 46,411 28,406 2,71,908 9.57

2019/20 46,715 27,339 2,74,140 10.03

2020/21 50,235 32,188 3,11,188 9.67

Source: MoALD (2022); yield estimated based on the bee pollination result (four fold increase), which may 
vary with management practices, citrus types, variety etc.

Pollinators decline
Agricultural intensification has led to a loss of habitat of many insect pollinators and monoculture 
plantings have threatened insect biodiversity. Pollinators’ globally declining reports such as 
colony collapse disorder (CCD) (vanEngelsdorp et al., 2008) are shown in Table 7. 

Table 7. Five most mentioned causes of colony loss

Cause Rank Reporting (No) Colony (No) Percent Loss (95% CI)

Poor queen 1 31 146 18.5 (13.5-23.6)
Starvation 2 28 34 19.8 (19.6-25.0)
Mite 3 24 144 31.7 (25.6-37.2)
CCD 4 9 151 48.2 (41.7-54.8)
Weather 5 9 25 24.4 (18.8-30.0)

Source: vanEngelsdorp et al. (2008)

Rucker and Thurman (2012) examined the CCD as 
one of the many episodes that PERC has examined 
in USA (Figure 1). Over, 1500 commercial 
beekeepers take their 2.5 million hives of bees 
on the road every year to pollinate fruits and 
vegetables. The bee population shows declining 
trend and between 2007 and 2011, approximately 
30% of U.S. bees alive each fall failed to survive 
to pollinate blossoms in the spring, which shows 
that CCD is the worst one cause of bee decline. It 
is caused by number of interacting factors, such 

Figure 1. Bee population in U.S.A. (millions of 
colonies) from 1939 to 2010, 

Source: Bucker and Thuman (2011) 



222
Oltxf;, lj1fg / k|ljlw History, Science and Technology in Nepal

Mandarin Orange :   g]kfnL ;'GtnfM

as diseases, pests, pesticides, genetically modified crops, electromagnetic radiation, brood 
temperature change, nanomaterials, food deficiencies and loss of bee pasture. 

The CCD affected on food prices raising unit price to rent a colony of bees from $45-65 to 
$170 (Patel and Mall, 2020). The decline in pollinators would also result in a parallel decline 
in its associated plant species, production, productivity and food security.  Insect pollination 
is therefore also known as an endangered ecosystem service. Other pollinators populations are 
also declining due to various reasons such as destruction of habitat, hunting, slash-burn system; 
conversion of forests and wetlands to agriculture; grazing, grass-cutting, over exploitation of 
resource; deforestation, fire, soil erosion and nutrient loss; high population, poverty and no 
food security; pesticide pollution and environment degradation; replacement of indigenous 
materials and wisdoms; global warming; and lack of environment awareness and policy. 

Citrus is an important cash crop and has a varying degree of pollination requirements (Thapa, 
2003). There are several varieties of citrus that are poorly known from the pollinators and 
pollination requirement point of view. Further, consumers’ favoring to seedless fruits because 
of their appealing appearance and ease of consumption, efforts are being continued to develop 
high-quality seedless fruits. Identifying suitable pollinizers can be another way in enhancing 
the productivity, however, such a process also requires pollinators. Therefore, genetically self-
incompatible cultivars that are dependent on pollinators need to be consistently investigated and 
their pollinators identified. Studies are needed to document important pollinators and understand 
the breeding system of more varieties. Otherwise, targeting on development of seedless varieties 
can be a good alternative in absence of pollinators without affecting productivity and marketing. 

Pollinators conservation
It is estimated that of the 240,000 species of flowering plants, 91% require the services of 
pollinators to set fruit and seed. According to Dar et al. (2011), the world’s major crops are 
pollinated by 44 genera of animals including bees (72.7%), flies (18.8%), bats (6.5%), wasps 
(5.2%), beetles (5.1%), birds (4.1%), butterflies and moths (4.4%) and thrips (1.3%). The 
value of pollination services for global agriculture is worth of hundreds of billion and the 
conservation of pollinators has also become an important tool for conservation of biological 
diversity. The pollinators’ initiative started in Chitwan, Nepal to study the pollinators’ deficit 
in crops and aware farmers on the importance of crop pollination (Thapa, 2008) and for the 
effective use and conservation of pollinators, Food and Agriculture Organization (FAO) 
has a leading role in the implementation of “The International Pollinator Initiative Plan of 
Action 2018-2030”. This promoted coordinated action worldwide to implement coherent and 
comprehensive policies for the conservation and sustainable use of pollinators at the local, 
subnational, national, regional, and global levels.

According to Lundin et al., (2021), IPPM is a framework that can be used to co-manage 
for ecosystem functions driven by pests, natural enemies, and pollinators. A summary of the 
evidence for effects of actions on pests, natural enemies, and pollinators at each level of the 
pyramid is presented in Table 8. 
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Table 8. Summary of effects of actions across the levels of the integrated pest and pollinator 
management pyramid on pests, natural enemies, and pollinators
SN Particulars Pests Natural enemies Pollinators
1 Artificial pollination Neutral Neutral Neutral
2 Pesticide use Negative Negative Negative
3 Biocontrol agents Negative Positive Neutral 
4 Managed pollinators Neutral Neutral Positive
5 Irrigation Positive to Negative Negative Neutral 
6 Organic fertilizer Negative Positive Neutral
7 Flower strips Positive-Negative Positive Positive
8 Crop diversity Negative Positive Neutral
9 Semi-natural habitat Positive-Negative Positive-Negative Positive 

Source: Lundin et al. (2021)

Pest and pollinator management practices highlight potential IPPM synergies, and co-benefits. 
Here, the strategies for simultaneously managing of pest control and pollination goals through 
IPPM are presented. The research priorities are focused for deeper understanding of the ecology 
(especially movement ecology) of pests, natural enemies, and pollinators in agricultural 
landscapes. Further, exploring how pesticide use can be incorporated into IPPM in ways that 
are highly effective in controlling pests but that have minimal effects on pollinators and natural 
enemies. Finally, evaluating IPPM strategies that incorporate multiple management actions 
targeting both crop pests and pollinators and IPPM are likely to enhance additional ecosystem 
services. Pollinator friendly some management practices are as follows. 

 y Homestead/kitchen gardening,
 y Border crop maintenance and pollinator attractant wind breaks,
 y Mulching to provide nesting place to pollinators and  reduce herbicides use,
 y Conservation of  habitats of wild bees,
 y Improved landscape by managing natural and semi-natural vegetation,
 y Use of bio-agents and bio-pesticides to reduce pesticides poisoning,
 y Integrated soil nutrient management and water conservation,
 y Biogas slurry and improved compost preparation and application,
 y Seasonal fallow and patch fallow in cultivated lands, 
 y Commercialization of beekeeping, and rearing/use of bumble bees, Osminia etc. 
 y Growing diversified types of pollinator attractive flowers and fruits, 
 y Growing shade loving plants under tree shades,
 y Mixed/inter/relay cropping with different crops and flowering dates,
 y Growing multiple varieties and multistoried farming,
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 y Afforestation and maintaining soil and organic matters, and cropping calendar. 
 y Bee pasture management

Conclusions
Production and productivity of mandarin orange is very low in Nepal, which is attributed to 
poor orchard management and deficits of pollinators. Proper management practices of orchard 
and arrangement of pollinators are necessary for healthy plant growth, vigorous flowering and 
good pollination, which is evidenced with increase of quality fruit yield of orange thereby 
adding farmers, income up four-folds. The IPPM has been effective in controlling pests 
with the minimal effects on natural enemies of pests and pollinators of crops. In addition, 
pollinators contribute to biodiversity conservation, support services to ecological balance and 
fruit farming to sustainability.
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Abstract 

Citrus, particularly mandarin orange (Citrus reticulata Blanco) is an important fruit crop contributing 
about 13 percent of total fruit production in Nepal. Optimum doses of micronutrients, boron (B), 
copper (Cu), iron (Fe), manganese (Mn), and zinc (Zn) are crucial for the attainment of better 
vegetative and reproductive attributes in the fruit, unfortunately, the mandarin orange growers of 
Nepal lag in applying micronutrients timely and in appropriate amounts. More than fifty research and 
review articles related to the topic were reviewed to gather information and come to a conclusion. 
Based on available information, we found that the availability of micronutrients in the soil and the 
leaf micronutrient composition has a direct positive relation to productivity. Their deficiencies during 
crucial growth stages lead to a substantial decrease in mandarin orange productivity, amounting up to 
91 percent. Studies from Nepal have demonstrated the common deficiency of B, Zn, and Mo in the 
soil. Around 80 to 90 percent of agricultural soil is B deficient. Zn and B have a positive role in plant 
growth and production, enhance flowering and fruit set, minimize flower and fruit drops. Nepal has an 
average productivity of 10.30 tons per hectare (t/ha) roughly one-third of that reported in China (29.77 
t/ha). However, with effective cultural and nutritional management and the adoption of improved 
varieties, Nepal has the potential to enhance its productivity. The scenario advocates the necessity of 
administration of the optimum dose of micronutrients to boost plant growth, flowering, fruit set, fruit 
quality, fruit weight, and finally yield. 

Keywords: Boron, Foliar application, Management, Soil, Yield

Introduction
Mandarin orange (Citrus reticulata Blanco) popularly known as Suntala in Nepal is a widely 
grown commercial citrus fruit in the mid-hills of Nepal. Citrus cultivation extends across 
62 districts in Nepal (Panth and Dhakal, 2019), with commercial cultivation reported in 56 
out of 77 districts (MoALD, 2023). The contribution of citrus in overall fruit production is 
21.60%, with mandarin orange accounting for 60.54% of total citrus production. The total 
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area, productive area and productivity of mandarin orange in Nepal are 27,982 hectares 
(ha), 19,481 ha, and 10.30 tons per hectare (t/ha), respectively (MoALD, 2023). Mandarin 
orange, rich in bioactive compounds like vitamins, phenols, flavonoids, carotenoids, fibers 
and minerals, actively counteract prevalent health concerns such as cancer, heart disease and 
obesity (Goldenberg et al., 2017). The leading mandarin orange producing countries include 
China, Turkey, Spain, Morocco, and Brazil (FAOSTAT, 2024). The favorable conditions of 
temperature, sunlight, rainfall, and fertile soil have contributed to the production of citrus with 
superior quality and taste in comparison to neighboring countries (NHPC, 2017). To promote 
commercial mandarin orange production, Nepal’s government has established 14 mandarin  
orange zones and a super zone under the Prime Minister Agriculture Modernization Project 
(PMAMP, 2022). 

Nutrition management is a crucial factor in promoting plant growth and yield through 
increased photosynthetic efficiency (Ilyas et al., 2015). Primary nutrients such as nitrogen (N), 
phosphorus (P), and potassium (K) and secondary nutrients such as calcium (Ca), magnesium 
(Mg), and sulfur (S) are provided in substantial amounts to the plants (Singh and Khan, 2012). 
Although the micronutrients are required in modest amounts only, they play a vital role in 
plant metabolism (Kazi et al., 2012). Optimum micronutrients are the most important factor 
in producing high-quality fruits (Babu and Yadav, 2005; Tariq et al., 2007). These elements 
include boron (B), chlorine (Cl), copper (Cu), manganese (Mn), molybdenum (Mo), iron (Fe), 
and zinc (Zn) (FAO, 2011). In this article, we have reviewed the role of B, Cu, Fe, Mn and Zn 
in the quality and quantity of fruit production. 

B increases pollen grain germination, pollen tube elongation, consequently fruit set percentage, 
and finally the yield (Abd-Allah, 2006). Cu has a role in photosynthesis, chlorophyll synthesis and 
enzyme metabolism influencing vegetative growth and fruit development (Ram and Bose, 2000). 
Fe is necessary for vital plant metabolic functions such as chlorophyll synthesis, various enzymatic 
reactions, respiration, photosynthesis, floral initiation and flowering in plants (Bhalerao et al., 
2014). Mn plays a crucial role in photosynthesis, nitrogen metabolism and nitrogen assimilation 
(Zekri and Obreza, 2016). Zn contributes to cellular and physiological activities, plant growth, 
development, and yield. It is involved in the synthesis of tryptophan, a precursor of indole acetic 
acid, stimulates chlorophyll and carotenoid production and improves photosynthetic activities. 
Excessive zinc can be toxic and stunts plant growth (Zhao et al., 2012) and its deficiency can lead 
to stunting and bushiness (Subba et al., 2014). Because of the deep root system of citrus trees, 
the application of micronutrients to the soil may not be very efficient. Additionally, the acidic or 
alkaline nature of the soil poses a challenge for nutrients to reach the root zone (Embleton et al., 
1973 as cited in El-Gioushy et al., 2021). Micronutrient deficiencies are corrected through foliar 
application to achieve a high quality and quantity of yield (Sajid et al., 2010).

The productivity of mandarin orange falls short of the production potential in Nepal. Farmers 
use insufficient micronutrients often leading to micronutrient deficiency. The deficiency of 
micronutrients results in stunted tree growth, excessive flower and fruit drop and low yield. 
Although an adequate supply of micronutrients is important to produce quality fruits, very few 
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research has been done regarding micronutrient application in Nepal. This research studies the 
effect of B, Cu, Fe, Mn and Zn concentrations on vegetative growth, flowering and fruiting 
and compares the effectiveness of micronutrient application through foliar and soil application. 
Bringing together insights from diverse research articles, we seek to raise awareness among 
growers, extension workers and researchers about the importance of micronutrients for 
enhancing the quality and yield of mandarin orange fruits, their dosages, techniques and timing 
for foliar application, ultimately promoting the adoption of these methods.

Methodology
This article was written after reviewing fifty-nine literature which included research and review 
articles from journals, books and the internet to assess the status of mandarin orange fruit, the 
relation between yield and micronutrient concentration, the status of micronutrients in the 
soil, and the effects of this nutrient in the growth and fruiting of the crop in Nepal. The articles 
were downloaded from Google search, google scholar, google books, research gate, sci-hub, 
and Nep-jol based on the search words “mandarin”, “orange”, “Nepal”, “micronutrients” and 
“micronutrient deficiencies” and duplicates were removed manually. The information thus 
obtained was analyzed using Excel and displayed in tables and figures.

Results and discussion
Status of plantation area and production of mandarin orange in Nepal
We studied the data of plantation areas and the production of mandarin orange over ten 
years in Nepal. There was an increase in plantation area from 15,276 ha in 2013 to 18,597 
ha in 2022 (Figure 1.a.) and a corresponding increase in total production from 1,46,721 t 
to 2,10,779 t (Figure 1.b.) with noticeable fluctuations in-between. The fluctuations may be 
attributed to issues like inadequate management, citrus greening, and poor variety (Panth and 
Dhakal, 2019). Overall, the data indicates a positive trend in mandarin orange cultivation and 
production in Nepal, suggesting potential for further growth. Strategic management is crucial 
to capitalize on this opportunity, ensure consistency in production and minimize the impact of 
adverse conditions.

Figure 1. a. Productive area of mandarin orange in Nepal Figure 1. b. Production of mandarin orange in Nepal
 Source: FAOSTAT, 2024
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Status of the yield of mandarin orange in Nepal
Even though the productivity of the mandarin orange has increased from 9.60 t/ha in 2013 
to 11.33 t/ha in 2022 (Figure 2), it remains disappointingly lower compared to China, our 
neighboring country, which has productivity of 29.77 t/ha (USDA, 2022). A range of biotic 
(rootstock, cultivar, insect pest and disease management) and abiotic (climate, soil, nutrition, 
irrigation and management) factors affect the productivity of citrus (Ruchal et al., 2020). The 
yield can be enhanced to 15 t/ha by adopting orchard management practices such as timely 
application of recommended amounts of manure and fertilizers, disease and pest management, 
pruning, mulching, and irrigation (Kaini, 2017). 

Figure 2. Trend analysis of yield of mandarin orange in Nepal in different years
Source: FAOSTAT, 2024

Relation between yield and micronutrient concentration 
Diagnosis and Recommendation Integrated System (DRIS) is a widely used statistical method 
for early and accurate interpretation of the relationship between plant and soil nutrient 
balance in integrated management practices, facilitating nutrient diagnosis before yield 
decline. (Hundal and Arora, 2001). The correlation between leaf mineral composition, soil 
nutrient availability, and the mean fruit yield in Nagpur mandarin orange over three years was 
studied by Srivastava and Singh (2008) and nutrient standards were established (Table 1). 
Leaf analysis is beneficial in averting deficiencies rather than addressing them after they have 
already emerged (Basavaraj et al., 2016). To achieve the optimal yield of 47.7-117.2 kg per 
tree, the recommended micronutrient concentrations in leaf analysis are reported as 74.9-113.4 
ppm Fe, 54.8-84.6 ppm Mn, 9.8-17.6 ppm Cu and 13.6-29.6 ppm Zn (Table 1). However, for 
Khasi mandarin orange, 85-249 ppm Fe, 42-87.6 ppm Mn, 2-14 ppm Cu and 16-27 ppm Zn 
are considered ideal to obtain an optimum yield of 32-56 kg/tree (Srivastava and Singh, 2006, 
as cited in Srivastava et al., 2008).  

Citrus growth and productivity depend on soil conditions, necessitating proper management 
for optimal quality and yield (Baral, 2008). For the optimum production of mandarin orange 
(47.7-117.2 kg/tree), 10.9-25.2 ppm Fe, 0.56-1.26 ppm Mn, 2.5-5.1 ppm Cu and 0.56-1.26 ppm 
Zn are considered to be the optimum value (Table 1). Higher concentrations of micronutrients 
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(Cu, Fe, Mn and Zn) correlate with increased mandarin orange yield per tree. The yield ranges 
from 12.9 kg to over 152 kg/tree depending on micronutrient levels (Srivastava & Singh, 
2008).

While acknowledging the potential variations in factors like varieties and altitudes, the data 
emphasizes the positive correlation between micronutrient levels and yield, underscoring their 
importance. The deficiency of these micronutrients may impede achieving the optimum yield 
in Nepal. The focus on creating specific DRIS norms for specific conditions in Nepal is crucial 
for improving crop yield and quality.

Table 1. DRIS norms based on leaf and soil analysis of mandarin orange (Citrus reticulata 
Blanco)

Parameters
Micronutrients

Norms

Leaf analysis Soil analysis

Deficient Optimum Excess Deficient Optimum Excess

Fe (ppm) <55.6 74.9-113.4 >132.7 <4.6 10.9-25.2 >40.6

Mn (ppm) <40.2 54.8-84.6 >98.7 <4.7 7.5-23.2 >31.1

Cu (ppm) <5.9 9.8-17.6 >21.5 <1.1 2.5-5.1 >6.5

Zn (ppm) <5.5 13.6-29.6 >37.7 <0.33 0.56-1.26 >1.73

Yield(kg/tree) <12.9 47.7-117.2 >152.1 <12.9 47.7-117.2 >152.1

Note: Sourced from Srivastava and Singh (2008). 

Micronutrient status in the soil of Nepal
A study across 21 districts revealed deficiencies in B in 20 districts, Zn in 19 districts and Mo 
in 17 districts. Fe was present at a medium level in 14 districts (Karki et al., 2005)Top of Form 
In Chitwan District, Tuladhar et al. (2001) observed a deficiency in B across all soil samples, 
while Fe was consistently found in high concentrations. The defined critical level was 2 ppm 
for B and 2.5-5 ppm for Fe. Since Fe constitutes 5% of the earth’s crust, Fe deficiencies are 
generally uncommon (Forieri et al., 2013). However, B deficiency is widespread in Nepal, 
affecting 80 to 90 % of agricultural soil, particularly in soils with light texture, low clay and 
organic carbon content (Anderson, 2007). In the Arun Valley, Eastern Nepal, a study on 102 
soil samples from altitudes of 300–2200 m found 86 samples with B deficiency and 34 samples 
with Zn deficiency, with deficiency limits set at 0.5 and 0.6 ppm, respectively (Anderson and 
Sandvold, 2000). In the citrus cultivation areas of Dhankuta, deficiencies were observed in Zn, 
followed by B, N and Cu, while levels of P, K and Mn were adequate in the soil (Gupta et al., 
1989). Zn deficiency commonly occurs in soils with elevated pH, high organic matter content 
and greater concentrations of Na, Ca, Mg and P (Alloway, 2009). About 87 % of soil samples 
were inadequate in B  (< 1 ppm), while 10–20 % of samples were deficient in Zn (<0.5 ppm), 
Mn  (< 10 ppm) and Cu  (< 0.5 ppm) (Tripathi, 1999). Cu deficiency is rare in Nepal, primarily 
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due to the widespread use of copper fungicides for managing fungal diseases in crops (Karki 
et al., 2005). These deficiencies have resulted in a decline in the yield and quality of mandarin 
orange.

Effect of foliar application of micronutrients
Foliar fertilization enhances yield, fruit quality, disease and insect pest resistance, and, drought 
tolerance (Omaima and El-Metwally, 2007). Application of certain micronutrients on foliage 
can be 10 to 20 times more efficient than soil application. A properly formulated foliar spray 
enhances nutrient absorption by stimulating plants to release more sugars and exudates into 
the rhizosphere (Yaseen and Ahmad, 2010).

The availability of micronutrients to plants is influenced by various soil and climatic factors, 
including temperature, pH, soil water content, organic matter, and nutrient interactions (Ali 
et al., 2014). Increased solubility of B, Cu, Fe, Mn and F occurs in acidic pH conditions and 
their presence in soils is notably impacted by seasonal temperature and moisture fluctuations 
(Hodgson, 1963). Micronutrient deficiencies are common due to low soil organic matter, 
alkaline pH and calcareous soil nature (Schumann, 2006). 

Foliar application of micronutrients is an economical approach that increases yield by up to 
45% and improves fruit quality parameters such as total soluble solids, acidity and vitamin C 
content (Chhetri et al., 2017). After administering micronutrients by foliar spray, citrus species 
have shown noticeable changes in development, flowering, fruit set, production and quality 
(Babu and Yadav, 2005). It also increased fruit yield and improved fruit quality parameters 
such as fruit weight, diameter and juice content (Mohammad et al., 2018). It is preferred over 
soil application due to its high efficacy, quick plant response, convenience and prevention of 
toxicity issues caused by excessive nutrient accumulation in the soil (El-Sheikh et al., 2007). 
Since soil application of micronutrients is ineffective for deep-rooted citrus, a more effective 
alternative is the foliar spray of micronutrients, as demonstrated by Chiu and Chang (1986) 
who reported positive effects in curing B deficiency in citrus through foliar application of boric 
acid (Chhetri et al., 2017). Addressing micronutrient deficiencies through foliar application is 
a widespread practice for achieving a lucrative yield and high-quality fruit. Therefore, it is 
crucial to apply micronutrients appropriately via foliar spray to enhance mandarin orange 
production.

Effect of micronutrient on plant growth
The application of 0.5% ZnSO4 and 0.3% boric acid during fruit set positively influenced 
plant height, canopy, stem girth, and leaf size. Compared to untreated mandarin orange trees, 
there were notable increases: 23.4% in plant height, 18.34% in tree spread, 24.54% in stem 
girth, and 6% in leaf size (Khan et al., 2012). Foliar application of ZnSO4  up to 0.6 % resulted 
in increased height, crown width, stem girth, fruit yield and quality in Kinnow mandarin 
orange (Razzaq, et al., 2013). This could be credited to the involvement of micronutrients in 
diverse metabolic and enzymatic processes. B affects plant growth through its participation in 
glucose metabolism (Cakmak & Romheld, 1997). Zn, a component of plant hormone auxin,  
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is associated with the activation of several enzymes responsible for photosynthesis, cell 
elongation and cell division (Djanaguiraman and Prasad, 2013). 

The treatment with Cu (0.4%), Mg (2%) and Zn (0.5%) resulted in the highest increase in 
plant height (43.76 cm) and stem girth (3.22 cm) (Ram and Bose, 2000). Cu is crucial for plant 
growth, strengthening cell walls, aiding in photosynthesis and stabilizing pigments (Dhaliwal 
et al., 2022). Plants treated with Cu (0.4%), B (0.1%) and Zn (0.5%) showed the maximum 
plant height (5.41m), stem girth (50.96 cm) and canopy spread in both North-South (2.74 
m) and East-West (2.91 m) directions (Zoremtluangi et al., 2019). This enhancement may be 
attributed to the synergistic effects of these micronutrients. 

The foliar application of 1.0% MnSO4 and 1.0% FeSO4 positively influences the growth 
characteristics of mandarin orange cv. Kinnow, such as shoot length, canopy area, stem girth 
and tree height. This application demonstrated notable improvements, with the highest increases 
observed in shoot length (78.87%), East-West canopy area (4.75%), North-South canopy area 
(4.27%), and tree height (9.49%) compared to the control (Gurzar et al., 2019). Mn activates 
enzymes crucial for photosynthesis and nitrogen metabolism, while Fe is vital for chlorophyll 
synthesis and various enzyme activities, contributing to increased plant vegetative growth (Sarolia 
et al., 2007).

Effect of micronutrients on flowering and fruiting
Boron and Zinc play crucial roles in mandarin orange flowering and fruit set, minimizing fruit 
drops (Davinder et al., 2017). The maximum number of flowers per branch (252.50) was recorded 
with 0.15 % Zn spray and the maximum percentage of fruit set per branch (82.09%) was found 
with 0.04 % B spray (Ruchal et al., 2020). The juice content of the mandarin orange was 25.86% 
higher when sprayed with 0.8% ZnSO4 compared to the control (Razzaq et al., 2013). Combined 
treatment of boric acid (0.3%) and ZnSO4 (0.5%) at the fruit set stage led to the highest fruit 
weight (145.3 g)( Khan et al., 2012). The application of B (0.1%) and Zn (0.1%) in mandarin 
orange leads to a notable increase in total flowers per branch by 273.43%, fruit set by 85.99%, 
fruit diameter by 29.75% and a reduction in fruit drop by 111.32% (Lamichhane et al., 2023).  A 
synergistic effect of B and Zn causes higher fruit sets and lower fruit drop (Ruchal et al., 2020). 
B increases the fruit weight through its involvement in carbohydrate translocation, cell wall 
growth, and RNA synthesis and also aids pollen germination and tube extension (Hansch and 
Mendel, 2009). Zn is vital for pollination as it supports pollen tube development (Abd-Allah, 
2006). Zn also boosts indole acetic acid (IAA) synthesis, elevating auxin levels at the abscission 
zone to prevent fruit drops (Nijjar,1985) and increase fruit size (Razzaq et al., 2013). 

Plants treated with 0.4 % Cu, 0.1 % B and 0.5 % Zn recorded the highest fruit set (61.89%), 
number of fruits per plant (140.55) and yield per tree (22.75 kg) compared to the control 
(Zoremtluangi et al., 2019) and also resulted in a maximum sugar content, and vitamin C content 
(El-Gioushy et al., 2021). The foliar application of 1000 ppm Zn + 1000 ppm Mn on Kinnow 
mandarin orange, as studied by Kaur et al. (2015), resulted in a maximum yield of 862 fruits 
per tree and superior fruit quality, indicated by a higher Total Soluble Solids (TSS)/acid ratio of 
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14.23. Treatment consisting of 0.1% FeSO4, 0.2% MnSO4 and 0.3% ZnSO4 exhibited a 40.3% 
reduction in total fruit drop, higher fruit yield per tree (90.5 kg/plant) and 2.6 % increased juice 
content compared to the control (Singh et al., 2023). Fe increases chlorophyll content, leading 
to improved photosynthetic efficiency and assimilate production. Mn promotes photosynthesis, 
and nitrogen metabolism and serves as a precursor for hormones, amino acids, phenols and 
lignins.  This contributes to enhanced yield characteristics (El-Sheikh et al., 2007). 

In the experiment conducted by Rokaya et al. (2019) in Lamjung District, the best results 
were observed in the mandarin orange trees treated with a combined spray of 0.2% urea and 
0.4% Agromin, showing the highest number of fruits per plant (489.55), fruit weight (106.56 
g), fruit yield per tree (51.82 kg), maximum juice content (55.77%), maximum TSS content 
(10.53 Brix), minimum titratable acidity (0.89) and maximum vitamin C (35.67 mg/100 ml). 
The research recommends that applying urea in combination with micronutrients through 
foliar spray twice could enhance both productivity and fruit quality in mandarin orange.

Conclusion
Based on a comprehensive analysis of several studies, it is evident that the foliar application 
of an appropriate dosage of micronutrients significantly enhances both the vegetative and 
reproductive characteristics of mandarin orange plants. This includes improvements in plant 
height, shoot length, stem diameter, canopy coverage and leaf dimensions. Additionally, it 
positively impacts reproductive traits including total flower formation, fruit set, minimized 
fruit drop, and increased fruit size, resulting in improved quality and yield of mandarin orange 
fruit. Addressing micronutrient deficiencies holds promise for increasing overall mandarin 
orange production in Nepal, offering economic advantages.
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Introduction
World citrus industry is dominated by sweet orange production (71% area of total citrus 
production area) while in Nepal mandarin orange dominates in area (57% of total citrus 
production area, MoALD, 2023) as well as in production. Mandarin orange is cultivated from 
the time immemorial and is considered as an indigenous fruit of Nepal. Mandarin orange 
has been cultivated in an altitude of 900-1500m, mid-hill areas from eastern to far-western 
regions (Koshi Province to Far-western Province) of Nepal. Most of the cultivated land is 
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Abstract 

Amount of manures and fertilizers to be applied on any fruit crop should consider nutrient removal 
by the crop, soil and leaf analysis results, deficiency symptoms, location specific fertility trials 
and soil surveys, & soil characteristics and land feature. Some literatures have been reviewed 
to find out (1) the soil and leaf nutrient status of mandarin orange orchards in different parts of 
the country and (2) the soil and nutrient management practices followed by farmers. There was 
a wide variation in soil and leaf nutrient levels in mandarin orange orchards of different parts 
of Nepal. However, in general, low level of soil pH and soil nitrogen were important limiting 
factors, similarly lower level of Zn and B in leaf were limiting factors. When reviewed the 
soil and nutrient management practices followed by farmers, the majority of the farmers were 
applying FYM/compost, while only fewer farmers were applying chemical fertilizers. A very 
few only were applying micronutrient fertilizers. Intercropping with maize, millet and wheat is 
a general practice in mandarin orange orchards, which not only compete with soil nutrients but 
also cause damage to surface roots of mandarin orange trees. Once mandarin orange trees come 
to bearing stage, intercropping should be avoided. The farmers need to be encouraged to use the 
recommended amount of manures and fertilizers. Future long-term study should focus on the 
management of major nutrients and response of different micronutrients on the growth and yield 
of mandarin oranges so that strong recommendations can be made for obtaining benefits by the 
mandarin orange growers.

Keywords: Manures and fertilizers, Soil and leaf nutrients, Fertility management, Deficiency 
symptoms, Intercropping
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either terraced or undulating sloppy lands with predominance of gravels and low fertile soil. 
Mandarin orange orchards on north-facing slopes are observed to be more successful, reasons 
behind it is because of conservation of moisture for longer period of a year and more soil 
depth. Mandarin orange trees on south facing slopes would have been better if soil depth is 
more than a meter and also with an irrigation facility. 

Importance of soil and nutrient management in mandarin orange orchards
Mandarin orange trees require deep well drained soil, with good content of organic matter and 
suitable pH level (5.5-7.5) (Manandhar, 1997 and Verma et al., 2014) for a good performance. 
Mandarin orange being a tree crop, tap root goes deep down to more than 1.5 m depth. 
Therefore, deep (2 m.) well drained soil without hard pan is important for vigor of trees. 
Roots may get rotten from excess water during rainy season if soil is poorly drained. 80-95% 
of feeding root lies in surface soil within 30 cm depth; thus surface soil should be fertile with 
good amount of organic matter for good performance. Organic matter is an important factor 
that regulates the bio-physico-chemical properties of soil and also is a good source of plant 
nutrients. With regards to sub-surface soil, physical properties, such as texture and absence 
of hard pan, is more important than the chemical properties (nutrient contents) (Manandhar, 
1997).  

The mid-hill agro-climate favors growing of mandarin orange trees, thus mandarin orange is 
grown throughout the mid-hill districts of Nepal. With regards to soils, generally mid-hill soils 
are favorable in terms of soil texture, however, they are less fertile with low water holding 
capacity due to undulating sloppy land, soil erosion, predominance of gravel and stones. Soil 
erosion is high during rainy season as large amount of annual rain (80%) falls within 3-4 
month (during June-September) period. Foot and root rot is common due to poor drainage 
during the rainy season, where there is accumulation of water in the basins of trees.

Like other crops, mandarin orange trees also require balanced amount of plant nutrients; 
Primary nutrients (C, H, O, N, P, K), secondary nutrients (Ca, Mg, S) and tertiary or micro-
nutrients (Fe, Mn, Zn, Cu, B, Cl, Mo and Na).  C, H, O are supplied through air and water 
and do not need to worry to supply them. Rest of other nutrients are supplied either through 
organic manure or inorganic fertilizers.  Tripathi (2019) reported that soil fertility decline has 
been widely recognized as a limitation of crop production in Nepal. Four major causes are 
responsible for the overall decline of soil fertility in Nepal: soil erosion, reduced organic matter 
or organic sources, nutrient mining (by crop products/residues), indiscriminate or imbalanced 
use of chemical fertilizers. Productivity of mandarin orange in Nepal (9.51 MT/ha) (MoALD, 
2023) is far below the world productivity of mandarin orange. Inadequate nutrition is a major 
cause in limiting productivity. Balanced nutrients in soil and plants is important for the good 
harvest of any crop. Citrus decline has been observed in many well-known pockets of mandarin 
orange growing areas of Nepal. Among the different causes, poor soil fertility management 
is one of the important cause of citrus decline. Budhathoki and Pradhanang (1992) found 
that trees planted close to the house, yard, animal shed and compost pit or heap, healthy and 
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productive irrespective of age. Srivastava and Singh (2004) when investigated citrus decline 
in sweet orange in Maharastra from the standpoint of soil fertility and nutritional constraints, 
during 1999-2002, found suboptimum levels of N, P, K, Ca, Fe, Mn, Zn and B both in soil and 
leaf as important contributory factors towards citrus decline.

Parameters determining requirement of manures and fertilizers
Amount of manures and fertilizers to be applied on any crop should consider the following 
parameters:

 y Nutrients removal by crops
 y Soil and leaf analysis 
 y Deficiency symptoms
 y Location specific field trials and soil surveys
 y Soil characteristics and land feature.

Nutrients removal by crops 
Nutrient removal by any crop depends on age of crop and quantity of harvest. Citrus crop takes 
up a huge amount of nutrients from soil. Table 1 shows the removal of nutrients by mandarin 
orange trees from the soil (Rajput and Haribabu, 2004).

Table 1. Nutrient uptake (kg/ha) by mandarin orange trees based on yield of crop

Nutrient element High yielding Medium yielding Low yielding

Nitrogen (N) 182 116 58

Phosphorus (P2O5) 54 36 20

Potassium (K2O) 205 130 64

Calcium (CaO) 273 214 141
Source: Rajput and Haribabu, 2004 

Intercropping with maize, millet and wheat is a general practice in mandarin orange orchards 
of Nepal.  If such crops are intercropped, they should separately be applied manures and 
fertilizers as these intercrops compete for nutrition from soil. 

Soil and leaf analysis 
Soil and leaf analysis are reliable parameters in determining the quantity of manure and fertilizers 
required by an orchard, which helps to manage the fertilizer use in an economical manner. 

Points to be considered while soil sampling for laboratory analysis
 y Sample should be representative of the area. Separate samples should be collected in 

areas with different soil type, vigor and management practices. Divide into blocks of 
homogenous sub-units for sample collection.
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 y Separate samples should be collected based on the depth of soil, such as surface soil (0-
30cm), sub-surface soil from 30-60 cm and deeper sub surface soil from 60-90cm.

 y If numerous subsamples are collected from one uniform block, same depth samples are 
mixed well and reduced to 0.5 to 1kg sample by spreading on a sheet, quartering and 
removing two diagonal quarters.  

 y The samples should be packed with following labels for sending to a soil analysis 
laboratory:
o Name of Farmer and address
o Crop/intercrop grown
o Dosage of manure and fertilizers used earlier
o Availability of Irrigation and drainage facility
o Depth of soil sample
o Date of sample collection
o Reason of soil testing

Soil Nitrogen (N) content from 0.1-0.2% is rated as medium level (Table 2). Similarly, 30-
55kg/ha of P2O5, 110-280 kg/ha of K2O and organic matter 2.5-5.0% are rated as medium level 
(Chaudhary, 1995; Pradhan (1996); SMD, 2017). 

Table 2. Rating scale of soil nutrients 

Nutrients Very low Low Medium High Very high

Nitrogen (N%) <0.050 0.05-0.0.1 0.1-0.2 0.2-0.4 >0.4

Phosphorus P2O5 (kg/ha) <10 10-30 30-55 55-110 >110

Potassium K2O (kg/ha) <55 55-110 110-280 280-500 >500

Organic matter % <1.0 1.0-2.5 2.5-5.0 5.0-10 >10

Points to be considered while taking leaf samples for leaf analysis
Leaf analysis is an effective technique and the best indicator for monitoring the nutrient status 
of citrus trees as leaf is the focal point of many plant functions and relatively sensitive indicator 
to alteration in its mineral composition taken up from the roots (Shrestha and Paudyal, 2008). 
Leaf nutrient contents have a good correlation with the quality and quantity of harvest. 
Following points should be noted in taking leaf samples for leaf analysis purpose (Kaini, 
2013; Tripathi and Harding 2004; Rokaya et al., 2019):

 y Leaf sampling should be conducted from July to September.
 y Collect 5-7 month old leaves from 2nd, 3rd, and 4th leaf position from bottom of non-fruiting 

branches representing all four direction of tree. 
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 y Collect a minimum of 100 leaves from 15-20 trees as one sample for a uniform representative 
block, following a zigzag pattern in a sample area.

 y Leaves should be washed to remove dust particles, air dried in shade and packed in paper 
bags with a label and send to a laboratory.

 y When results are obtained from the laboratory, they can be interpreted based on the 
standard chart (Table 3) (Reuther et al., 1962).

Table 3. Leaf analysis standards for citrus, 4-6 month old leaves on non-bearing branches

S.N. Nutrients Deficient Low Optimum High Excessive

1 Nitrogen (%) < 2.2 2.2-2.3 2.4-2.6 2.7-2.8 > 2.8

2 Phosphorus (%) < 0.09 0.09-0.11 0.12-0.16 0.17-0.29 > 0.30 

3 Potassium (%) < 0.4 0.4-0.69 0.70-1.09 1.1-2.0 > 2.30

4 Calcium (%) < 1.6 1.6-2.9 3.0-5.5 5.6-6.9 > 7.0

5 Magnesium (%) < 0.16 0.16-0.25 0.26-0.60 0.7-1.1 > 1.2

6 Sulfur (%) < 0.14 0.14-0.19 0.2-0.3 0.4-0.5 > 0.6

7 Boron (ppm) < 21 21-30 31-100 101-260  > 260

8 Iron (ppm) < 36 36-59 60-120 130-200 > 250

9 Manganese (ppm) < 16 16-24 25-200 300-500 > 1000 

10 Zinc (ppm) <16 16-24 25-100 110-200 > 300

11 Copper (ppm) < 3.6 3.6-4.9 5-16 17-22 > 22

12 Molybdenum\ (ppm) < 0.06 0.06-0.09 0.1-0.29 0.3-0.4 – 

13 Chlorine (%) – – 0.3 0.4-0.6 > 0.7

14 Sodium (%) – – 0.16 0.17-0.24 > .25

Source: Reuther et al. (1962)

Deficiency symptoms
Citrus is one of such crops, which exhibit symptoms reflecting various disorders that can 
impact their health, vigor and productivity to varying degrees. Table 4 shows nutritional 
deficiency symptoms of different nutrient elements and measures to correct these symptoms 
for good performance of mandarin orange trees (FAO, 2011; Kaini, 2013; Karki et al., 2017; 
Acharya et al. 2019).
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Table 4. Deficiency symptoms and corrective measures

S.N. Nutrient element Deficiency symptoms Corrective measures 

1

Nitrogen General and uniform yellowing of leaves, 
Limited growth of twigs and leaves, die back 
of young twigs if deficiency is prolonged, 
leading to undersized trees, excessive 
flowering and fruits size will be reduced 
declining the yields. 

Application of 
recommended dose 
of N-fertilizer in split 
doses.

2

Phosphorus Discoloration of leaves, Reduced 
growth with reduced number of lateral 
shoots, reduced and delayed flowering, 
premature fruit drop and thickening of 
fruit rinds. 

Recommended dose of 
P fertilizers in single 
dose during late winter 
or early spring. 

3

Potassium Foliage becomes bronze and lusterless, 
dieback of twigs, gum exudes from the 
main trunk, fruits become reduced in size 
with smooth and thin peel, cracks and 
decays. 

Recommended dose 
of K fertilizers in split 
doses.

4

Calcium
Dieback of twigs, chlorosis between 
veins, thickening and reduction of leaves, 
peel of fruits become thick and hard, 
reduction of growth of roots.

Soil Application of 
Calcium carbonate 
(agriculture lime) 
1kg/tree with light 
irrigation

5

Magnesium Development of Yellow areas between the large 
veins of leaves and on the both sides of the mid 
rib. Chlorosis in the old leaves first. Poor root 
growth and fruiting in alternate years, reduction 
of quality and yield of fruits. 

Spray of 0.3% 
Magnesium sulphate 
twice at 15 days 
interval when new 
flush comes.

6

Sulphur
Yellowing of younger leaves, dieback 
of twigs, fruits become smaller and less 
juicy.

Use of organic 
matter, use of Sulphur 
containing fertilizers 
such as ammonium 
sulphate, potassium 
sulphate.

7

Zinc Interveinal chlorosis, small leaf size, 
dieback from terminal twig, rosette-like 
appearance due to reduced internodes, 
fruits become reduced and misshapen. 
Deficiency is common in all mandarin 
orange growing areas.  

Spray of 0.5% Zinc 
sulphate twice at 15 
days interval when 
new flush comes.
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S.N. Nutrient element Deficiency symptoms Corrective measures 

8

Iron Interveinal chlorosis of young leaves 
first, yellowing and almost white leaves, 
in acute cases, fruits become small, hard, 
coarse and light in color

Spray of 0.3% Ferrous 
sulphate twice at 15 
days interval when 
new flush comes.

9

Copper
Exudation of gum from nodes of 
branches, and die back of twigs, gum 
pockets on peel of fruits, cracking and 
drop of fruits.

Spray of 0.3% Copper 
sulphate twice at 15 
days interval when new 
flush comes.

10

Manganese
Symptoms are similar to zinc deficiency; 
however, leaf size is not reduced. 
Symptoms are prominent in shady areas.

Spray of 0.3% 
Manganese sulphate 
twice at 15 days 
interval when new 
flush comes.

11

Boron Corking and splitting of veins of mature 
leaves, brown gum pockets formed 
around seeds of the fruits. Fruits are 
misshapen, juice content reduced, peel of 
fruit becomes rough

Spray of 0.3% Boric 
acid twice at 15 days 
interval when new 
flush comes.

12

Molybdenum Water-soaked areas appear on the leaves 
with the start of new growth in early spring. 
These areas subsequently coalesce into larger 
lesions with gum on the lower sides of leaves. 
Fruits show cracking.

Sodium molybdate can 
be dissolved and sprayed. 
Symptoms are observed in 
acidic soil. Maintain soil 
pH to 5.5-6.7.

It is not easy to distinguish nutrient deficiency symptoms. Availability of Zn, Mn, and Fe are 
soil pH related, deficiency symptoms of the three elements may often occur simultaneously 
and some symptoms may be confused with physiological, and pathological disease related 
disorders. Micronutrient deficiency symptoms are commonly seen in those areas where 
imbalance use of fertilizers is practiced, where soil is light sandy, in areas with steep slopes 
and high rainfall, in soil with very low or high pH and if organic manure use is very minimal 
(Baral and Subedi, 2003).

Location specific field trials and soil surveys
Location specific field trials are reliable in determining requirement of manures and fertilizers. 
In Nepal, very few field fertility trials and soil surveys have been done in major mandarin 
orange growing areas in Nepal. However, some of the studies related with soil and leaf nutrient 
status of mandarin orange done in mandarin orange growing locations are listed in Table 5.
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Table 5.  List of studies showing soil and leaf nutrient status of mandarin orange growing 
locations

S.N. Title of study 
and author/s Result of study on nutrient levels Location

1

Soil properties 
and availability of 
nutrient elements 

in mandarin 
orange growing 

areas of Dhankuta 
district (Gupta et 

al, 1989).

Soil analysis
- Soil is characterized by moderate pH (5.7-8.0), 45, 30 

and 25% of surface soil samples had low, medium and 
high level of OC content respectively.

- Loamy Sand to sandy clay loam with 8-37% clay 
content.

- Of the surface soil, 70% samples were medium in total 
N content, 90% sample were medium to high level in 
available P, and all the samples were medium to high 
level in exchangeable K. 

- Of the surface soil, 70% of samples were low 
in exchangeable Ca, 50% samples were low in 
exchangeable Mg, and 75% samples were low in 
available B. 

Leaf analysis
- Zn level is deficient in 16% samples and in low range 

in 79% samples and some deficiencies of B, N, Mg, 
Cu, and Ca. 

- Well-nourished with P, K and Mn. 

Dhankuta District 
(Hattikharka, 

Pakhribas, 
Phalate, 

Ghorlikharka, 
Murtidhunga, 

Sanne and Muga)

(Koshi Province)

2

Leaf and soil 
analysis for 

finding  the status 
of nutrients in 

mandarin orange 
orchards of 

Tanahu, Lamjung 
and Gorkha: A 

survey (in Nepali) 
(Baral and 

Subedi, 2003)

Soil analysis
- It is quite challenging for farmers to go for 

commercialization of mandarin oranges from its 
subsistence farming due to decline in quantity and 
quality of fruits. One of the reasons of citrus decline is 
degrading soil fertility.

- Brownish red colored clayey soil, pH 5.4, high in N 
(0.35%), medium in P (42.84 kg/ha) and medium in K 
(233.14 kg/ha) in Bandipur, Tanahu. 

- Black clayey sandy, granular textured soil with pH 4.3 
and low in N (0.032%), medium in P (53.8 kg/ha) and 
medium in K (267.4kg/ha) in Gaun Shahar, Lamjung.

- Brown sandy clayey soil, pH 4.5, low in N (0.035%), 
low in P (28.9 kg/ha, medium in K (182.65 kg/ha) in 
Nareswor, Gorkha.

Leaf analysis
- Leaves of more than 75% of trees had low N, 28% 

trees had low K, however, leaf P content was in excess 
in all areas. 97%, 74%, 47% and 31% of orchards had 
lower than optimum level of Fe, B, Zn and Mn level, 
respectively.

Tanahu (Lohi 
pakha in 

Bandipur),  
Lamjung 

(Naruwal gaun 
in Gaunshahar) 

and Gorkha 
(Bhogateni in 

Nareswor)

(Gandaki 
Province)
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S.N. Title of study 
and author/s Result of study on nutrient levels Location

3

Performance 
of Mandarin 
orange trees 

(Citrus reticulata  
Blanco) at 

different altitudes 
and nutrient 
management 

in mid-hills of 
Nepal (Baral, 

2008).

- Based on soil test results, generally soil organic 
matter, total soil N and available soil P were more at 
high altitude (>1100m amsl) and pH, available Ca and 
Mg contents in soil decreased as altitude increased. 

- When leaf analysis results were checked, total leaf P, 
K, Fe and Zn content were higher in higher altitude 
area (>1100m) compared to lower altitude area (500-
1100m amsl). 

Gorkha 
(Nareswor, 
Bhogeteni, 

Manakamana 
village), Lamjung 

(Naruwal, 
Subedi gaun and 
Bhotechaur) and 
Tanahu (Lohi, 

Aabukhaireni and 
Ghansekuwa) 

(Gandaki 
Province)

4

Foliar nutritional 
levels of mandarin 

orange (Citrus 
reticulata Blanco) 

orchards at different 
altitudes, age and 
health in mid-hills 
of Nepal (Baral et 

al. 2012).

When analyzed leaf samples of orchards of Gorkha, 
Lamjung and Tanahu

- Low level of Zn, Ca, Mg, and Mn in high altitude area.
- Low level of Zn , B, and Mn  in mid altitude
- Low level of N and Zn in lower altitude area.

Gorkha, Lamjung 
and Tanahu 

(Gandaki 
Province)

5

Micronutrient 
status of 

mandarin orange 
trees in Gorkha 
and Lamjung 

districts of Nepal 
(Tripathi, and 

Harding 2004).

Out of 10 sites, 9 sites were deficient in B, 6 sites were 
deficient in Zn, and 3 sites were deficient in Mn. They 
have suggested to supply them from external sources.

Gorkha District 
(Ashrang, 
Bakrang, 

Gaikhur and 
Ghairung) and 

Lamjung District 
(Bhorletar, 

Dhimire Gaun, 
Shishaghat, and 

Syaut) 

(Gandaki 
Province)
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S.N. Title of study 
and author/s Result of study on nutrient levels Location

6

Assessment of 
soil nutrient status 

of mandarin 
orange orchards 
in Syanja, Nepal 
(BK et al. 2022)

The altitude range had a considerable effect on soil nutrient 
status except phosphorus and potassium availability. 

- Highest organic matter content (5.76%) was recorded 
in 900-1100 masl of North facing slope. 

- Highest total nitrogen content (0.28%) was recorded 
in 900-1100 masl of north facing slope. 

- The finding showed that altitude range of 900-1100 
masl and north-facing slope was suitable for mandarin 
orange cultivation from the nutrient status point of 
view.

Putalibazar, 
Bhirkot, Waling 

and Arjunchupari 
of Syanja District

(Gandaki 
Province)

7

Soil and plant 
nutrient status of 
mandarin orange 
orchards of mid 
and far western 
hills of Nepal 
(Regmi et al. 

2001). 

When 20 soil samples and 23 leaf samples collected from 
major citrus pockets and analyzed at Soil Science 
Division, Khumaltar during 2001,

- Soils of majority of citrus orchards in Dailekh were 
strongly acidic (pH 4.5-5.2) in nature, Low level of 
organic matter (1.0-2.5%) and low to medium level 
of soil nitrogen (0.05-0.2%). low to medium level of 
soil P (10-35 kg.ha) and medium level of soil potash 
(110-280 kg.ha)

- Low to satisfactory level of leaf N, (1.9-2.7%), excess 
level of leaf P (0.3%), and satisfactory level of leaf K 
(1.0-1.7%).

Dailekh District 
(Dullu and Kal 

Vairab)

(Karnali 
Province)

8

Citrus drops 
problem in the far 
and mid-western 

development 
region of Nepal 
(Shrestha et al., 

2008)

Based on soil sample analysis (upto 30 cm depth),
- pH was nearly neutral (6.7).
- NPK and organic matter content in the top soil was at 

satisfactory level in all sites.
Leaf analysis
- N content was deficient (0.57-0.72%) but P and K was 

in satisfactory level.

Salyan and 
Dailekh 
(Karnali 

Province) And 
Kailali, Baitadi, 

(Sudur Pashchim 
Province)

9

Nutrient status of 
mandarin orange 
(Citrus Reticulata 
Blanco) orchards 
in the Far western 

development 
region of Nepal 
(Shrestha and 

Paudyal, 2009).

- Soil acidy ranged from pH 4.8-6.4 with an average 
of 5.8 (moderately acidic), low OM (1.2%), low 
N (0.091%), medium P (186.7 kg/ha) and excess K 
(582.4 kg/ha).

- Leaves are deficient in N (2.25%), high in P (0/189%), 
deficient in K (0.38%) and Zn (27.8 ppm), excess in 
iron (490.26 ppm), and medium in Mn (34.38 ppm).

Kailali (Sahajpur), 
Dadeldhura 
(Bagarkot), 

Baitadi 
(Durgabhawani), 
Doti (Kaflekhi) 

and Achham 
(Mangalsen)

(Sudur Pashchim 
Province)
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S.N. Title of study 
and author/s Result of study on nutrient levels Location

10

Citrus nutritional 
study, Annual 

Report 2076/77 
(2019/20). 

National Citrus 
Research 

Programme, 
NARC, Paripatle, 
Dhankuta, Nepal 
(NCRP, 2020).

When leaf samples collected from 93 farmers' orchards 
across Nepal (65 for Mandarin orange, 19 for lime, 8 for 
sweet orange and 1 for Unshu orange) and tissue samples 
were analyzed at the University of Queensland for nutrient 
contents:
- It was found that citrus growth was highly restricted 

by a deficiency of Zn, 98% samples being marginal for 
Zn and 81% being within the deficient range.  

- This also reported 67% samples being marginal 
for N and 57% being within the deficiency range. 
They opined that Zn and N fertilizers are critical in 
improving citrus production.

Many of the citrus 
growing districts 

across Nepal

Though Nepal is a small country, there is a wide variability in altitudes even in very small 
differences in latitude from the South to North. The studies listed in the Table 5 shows variations 
in pH and soil nutrient contents in different geographic locations. However, in general, soil 
acidity and soil N seems to be important limiting factors in mandarin orange orchard soils. 
Similarly, leaf Zn and B contents seems to be at lower level in general. However, location 
specific fertility trials, soil and foliar analysis are important in determining the manure and 
fertilizer requirements, especially in commercial growing orchards.  

Soil characteristics and land feature
•	 Soil reaction (pH of soil) strongly influences availability of nutrients and plant uptake. 

Micronutrients like Zn, Mn and Fe become more available in acidic soils while Mo, Ca 
and Mg are more available in soils with neutral pH. Soils of mandarin orange growing 
areas in Nepal are mostly with varying degrees of acidic in reaction. Acidic soil parent 
material, use of acidifying fertilizers, and leaching of Ca, Mg nutrient elements due to 
heavy rain within short time during rainy season are the causes of soil acidification. Thus, 
application of liming materials in every alternate year or once in three years should be 
practiced.

•	 Soil texture influence the growth of roots and nutrient uptake by feeder roots. Foot rot 
and root rot are more common in clayey soil due to poor aeration and poor drainage. 
Sandy soil is also problematic due to less nutrient content and low water holding capacity. 
Use of more of organic matter improves both sandy soil and clayey soils. Recommended 
application rates for fertilizers should be modified according to soil texture. An extra 30-
40% above the recommended dose of fertilizer should be applied to gravel soil or coarse 
textured soils since they have poor ability to hold nutrients (Petersen, 2003).

•	 High steep land, land with hard pan, land without drainage facility also are problematic 
for mandarin orange cultivation. Soil erosion is a serious problem in some of the mandarin 
orange growing areas. 
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Dosage of manures and fertilizers
Dose of manures and fertilizers varies according to the age of the tree, the fruit load and soil 
fertility and nutrient status of the tree. Dosage of manures and fertilizers provided here is based 
on experience of technician, farmers and literature available (Kaini, 2013; Manandhar, 1997; 
NCRP, 2014; Pun et al., 2015) (Table 6).  This can be used as a general guide; the quantity can 
be adjusted according to soil and leaf nutrient status of the orchard. 

Table 6. Dosage of manures and fertilizers 

Age of tree FYM/compost N (gm/tree/
year)

P2O5 (gm/tree/
year)

K2O (gm/tree/
year)

1 10 50 25 35
2 20 100 50 70
3 30 150 75 105
4 40 200 100 140
5 50 250 125 175
6 60 300 150 210
7 70 350 175 245
8 80 400 200 280
9 90 450 225 315
10 100 500 250 350

Apart from organic manure and NPK fertilizers, micronutrient fertilizer applications also 
produce significant effect on quality and quantity of mandarin orange fruits,  Rokaya et 
al. (2019) conducted trial in a private farm (1000 masl) in Lamjung district and found that 
two sprays of urea (2%) or micronutrient (Agromin) (0.4%) alone, or, in combination had 
a significantly better performance for most of the parameters such as number of fruit, juice 
content, ascorbic acid contents, and most of the minerals. Similarly, Rakhonde and Zope 
(2020) also observed significantly enhanced yield and quality of Nagpur mandarin orange 
when soil and foliar application of zinc sulphate micronutrient was done.

Method of manure and fertilizers application
•	 Soil application
•	 Foliar application
•	 Fertigation technique

Soil application 
•	 Organic manures and macronutrients such as Nitrogen, Phosphorus and Potassium 

fertilizers are usually applied to soil as it is cheaper, easier, and the residual effect is longer.
•	 It is recommended that 50% of nitrogen should be supplied through organic sources such 

as FYM or compost.
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•	 A basal application of manures and fertilizers should be given after harvest, during the 
winter season. The main purpose is to restore the tree vigor after fruit harvest and improve 
the soil condition using organic manures and lime materials.

•	 Irrigation is important after each application of fertilizers. If irrigation facility is not 
available, apply fertilizers just after the rain or when there is sufficient moisture in soil.

•	 Lime materials should be applied in alternate year or once in three-year period to improve 
soil pH; lime should not be applied along with fertilizers, but at least a month prior to 
application of fertilizers and plough and irrigate the land.

•	 If lime is to be applied combined along with farm yard manure, they should be mixed with soil 
at a depth of 30cm below the soil surface. Generally, agriculture lime is spread at the bottom 
of a furrow or hole. Over this spread a layer of organic manure and they are both should be 
then covered with top soil (Petersen, 2003). This will prevent loss of N through volatilization.

•	 As nutrients from farm yard manure (FYM) is released slowly and phosphorus (P) 
fertilizer also do not have leaching losses, full dose of farm yard manure and full dose of 
phosphorus fertilizer can be applied as basal dose while nitrogen (N) and potassium (K) 
fertilizers are prone to losses, they should be applied in split doses (Subedi et al., 2003; 
Petersen, 2003). 1/3rd (one-third) of nitrogen and 1/3rd of potassium fertilizers should be 
applied along with basal dose (FYM and P) fertilizer.

•	 One third of recommended nitrogen (N) fertilizer and one-third of recommended potassium 
(K2O) fertilizer is to be applied in blooming/fruit set stage (March/April) and remaining 
1/3 of N and 1/3 of K fertilizers are to be applied during the fruit development stage (Aug/
Sept). This helps to improve both the quality and size of fruits.

•	 While applying manures and fertilizers, prepare a basin under the tree canopy by light 
hoeing and then broadcast manures and fertilizers. After broadcasting, they are mixed well 
into the soil by hoeing second time and irrigate. 

•	 Alternatively, a trench of 15-20cm wide and 15 cm depth ring is dug out round, below the 
drip of the tree, then manure and fertilizers are applied in the trench and covered the trench 
with the dug-out soil and irrigated.

•	 As more than 80% of the feeder root lies on surface soil within 15cm depth, deep hoeing 
should be avoided while applying manures and fertilizers using the basin method.  Basin 
size should be increased as tree grows, basin size should be twice the diameter of the tree 
canopy for a mature tree.

Foliar application 
•	 This method is generally followed for use of micronutrients and also for a low dose of 

urea (1 – 2%). 

•	 Foliar application should be done when new flushes of leaves come and they attain half 
expansion in growth, i.e. in May-June.
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•	 Foliar application shows quick results as it is directly applied on leaves. It is better and 
safer to use two light sprays rather than a single dose of heavy dose. 

•	 A combined spray of micronutrients as shown in Table 7 has been recommended for 
mandarin orange (Kaini, 2013; Manandhar, 1997; Petersen, 2003). Lime is also mixed in 
order to bring it to neutral in reaction.

•	 Nowadays there are many instant mixtures on formulations of micronutrients available in 
markets (Manandhar and Khanal, 2004), such as Agromin, Multiplex, Microplex, High 
Zinc etc.

Table 7.  A combined spray of micronutrients

Nutrient element Quantity in gm Concentration level
Zinc sulphate 100 0.5%

Copper sulphate 60 0.3%

Magnesium sulphate 60 0.3%

Manganese sulphate 60 0.3%

Ferrous sulphate 60 0.3%

Boric acid 60 0.3%

Slacked lime 60 0.3%

Water 20 litres

Fertigation technique
Applying water soluble fertilizer nutrients to plants along with irrigation water is called 
fertigation. This technique can be followed where drip irrigation is done. 

Farmers’ soil and nutrient management practices
Though Mandarin orange is one of the important cash crops for mid-hill farmers, very little 
care is given to this crop. Many of the farmers plant fruit trees at edge of terrace in order to 
avail land for maize or millet cultivation. In many places, manure and fertilizers are applied 
to these crops and only residual nutrients are available for mandarin orange trees. Table 8 lists 
some studies showing farmers’ soil and nutrient management practices.

Table 8: Farmers’ soil and nutrient management practices

S.N. Title of study and Author FindingFinding Location

1

Mandarin orange production, 
contribution in household income 
and livelihood of mandarin orange 
farmers in the Eastern hills of Nepal: A 
case study of Khoku VDC, Dhankuta 
District (Gautam et al., 2011).

Compost is used each year, but no 
chemical fertilizers were applied.

Dhankuta District 
(Khoku)

(Koshi Province)
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S.N. Title of study and Author FindingFinding Location

2

Leaf and soil analysis for finding 
the status of nutrients in mandarin 
orange orchards of Tanahu, 
Lamjung and Gorkha: A survey 
(in Nepali) Baral and Subedi, 
2003)

Most of the farmers were using 10-40 
kg cowdung or poultry manure based 
on the age of trees.
Maize or millet are intercropped in 
mandarin orange orchards, most of 
compost is used by these grain crops.
DAP and Urea are also used by most 
of the commercial farmers.

Tanahu (Lohi 
pakha in Bandipur), 
Lamjung (Naruwal 

gaun in Gaunshahar) 
and Gorkha 

(Bhogateni in 
Nareswor)

(Gandaki Province)

3

Factors influencing adoption 
of major orchard management 
practices in mandarin orange of 
Gorkha: A case from mid-hills of 
Nepal (Poudel et al., 2021). 

Frequencies of adoption are as 
follows:
Application of FYM -65%
Intercropping- 58%
Mulching- 40%
Micronutrient application- 30%
Chemical fertilizer application- 14%
Livestock holding had a positive 
and significant association with 
intercropping.
Participatory training program 
related to the rejuvenation of 
declining orchards, regular advisory 
and extension services and input 
subsidies to the smallholding 
farmers are important for increasing 
adoption of orchard management 
practices.

Gorkha District 
(Gandaki and Sahid 

Lakhan Rural 
municipalities 
and Gorkha 

Municipality)

(Gandaki Province)

4

Farmers' knowledge and adoption 
of improved mandarin orange 
orchard management practices in 
Syanja district, Nepal (Bhandari 
et al., 2022). 

Based on 97 randomly selected 
respondents of the study area
>90% were found to practice FYM 
application, while only 17.52% were 
using chemical fertilizers and 39.18% 
using soil testing and amendments.
Training has a positive impact on the 
use of chemical fertilizers and soil 
amendment practices.
Encouragement is required to use the 
recommended amount of fertilizers 
along with mulch and Bordeaux paste. 

Syanja District 
(Putalibazar, 

Bhirkot and Waling 
municipalities and 

Arjunchaupari rural 
municipalities)

(Gandaki Province)
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S.N. Title of study and Author FindingFinding Location

5

Causes of citrus decline and its 
management practices adopted in 
Myagdi district, Nepal (Poudel et 
al., 2022).

75.5% of the farmers in the study area 
have been practicing the use of FYM on 
an average of more than 30kg/plant/tree.
44.7% of the farmers use chemical 
fertilizers to supply primary nutrients and 
37.2% micronutrients in their orchards. 
74.5% of the farmers were practicing 
intercropping, of which 40.4% of 
intercrops are mostly exhaustive crops 
(maize, millet, barley and wheat).
60.6% of the farmers had planted their 
mandarin orange in mid-portion of the 
terraced field, while 39.4% farmers 
planted on the edge of the terraces.

Myagdi district 
(Beni and Malika 

rural municipality) 

(Gandaki Province)

6

Management of citrus decline 
and rejuvenation strategies for 
declining Orchards of Dailekh 
(Subedi and Acharya, 2008).

Growers do not adopt proper orchard 
management practices including 
manure and fertilizer application.
Majority of citrus trees are planted 
on edge of terraces to get more 
space for intercrops which limit the 
root expansion only on one side. 
Most farmers in Dailekh are using 
improper intercrops such as maize, 
millet, wheat or vegetables.  

Dailekh (Dullu, 
Mallika, Gamaudi, 

Kal Bhairav, 
Lakuri, Goganpani, 

Kandechaur)

(Karnali Province)

7
Improving citrus production in 
Dailekh district of Nepal (Acharya 
et al., 2011) 

90% of the respondents were using 
compost.
Only 5% of the farmers were using 
chemical fertilizers.
65% intercropped cereals (maize 
and upland rice in summer and 
wheat in winter), 35% intercropped 
vegetables, 25% legumes and 20% 
intercropped legumes. 
IPN and IPM are to be enforced 
by R&D partners for adoption in 
production areas.

Dailekh District 
(Goganpani, 

Lankuri and Dullu)

(Karnali Province) 

8

Determinants of adoption of 
multiple sustainable agriculture 
practices among mandarin orange 
producing farmers in Salyan 
District of Karnali Province, 
Nepal (Dahal et al., 2023).

98.33% farmers were found to apply 
organic manure at least once a year.
Only 8.3% farmers were applying 
chemical fertilizers, while rest is 
unaware about proper application 
methods, application doses and time.
78.33% of the farmers were adopting 
conservation tillage and 42.5% of 
the farmers were cultivating cover 
crops such as cowpea, soybeans and 
black gram at least once a year.

Salyan District 
(Chhatreshwari 

Rural Municipality 
and Baghchaur 
Municipality), 

Karnali Province
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S.N. Title of study and Author FindingFinding Location

9

Citrus drops problem in the far 
and mid-western development 
region of Nepal (Shrestha et al., 
2008) 

Farmers of all the districts were 
using cattle manure @0.5-2 dokos 
per tree per year depending on age 
of the tree from Poush to Falgun. 
Only 25% of the farmers of Dailekh 
and 30% of the farmers of Salyan were 
using little amount (250-500 gm) DAP 
per tree during Magh-Falgun
Compost making technique is very 
traditional and quality of compost is 
poor.
Upland rice or maize (rainy season) 
and wheat (winter season) are 
commonly intercropped in the 
orchards.

Salyan (Khalanga) 
and Dailekh (Dullu) 

(Karnali Province)

and 

Kailali (Nigale), 
Baitadi (Nagarjun), 
(Sudur Pashchim 

Province)

The findings of the studies shown in Table 8 indicate that majority of the farmers were applying 
FYM/compost in their orchards, while only fewer farmers were applying chemical fertilizers. 
A few of the farmers were applying micronutrient fertilizers as well.

Most of the farmers were using maize, millets and wheat as intercrops in order to fulfill the 
need of household staple food. High amount of soil nutrients is taken up by the intercrops 
as they are high nutrient depleting crops. Cultivation of such crops also likely to damage 
the feeding roots of mandarin orange trees, thereby making them vulnerable to infection by 
Phytophthora foot and root rot.  If intercropping is to be done, less nutrient depleting crops 
such as short legumes, vegetables and fodder crops can be cultivated away from the basin of 
trees (Tomiyasu et al., 1997). Once mandarin orange trees come to bearing stage, intercropping 
should be avoided. Some of the farmers have mandarin orange trees on the edge of terraces, 
hampering nutrient uptake from all side of trees.   

Conclusion
Mandarin orange is the most popular fruit grown in all the mid-hill districts of Nepal. 
Productivity of mandarin orange in Nepal is low. Most of the cultivated land is sloppy lands 
with low fertility. Poor soil and nutrient management is widely recognized as a limiting factor 
of production in mandarin orange orchards. There is a wide variation in soil and leaf nutrient 
levels in mandarin orange orchards of different parts of Nepal. In general, low level of soil pH 
and soil nitrogen are important limiting factors, similarly lower level of Zn and B in leaf are also 
limiting factors. The majority of the farmers were applying FYM/compost in their orchards, 
while only fewer farmers were applying chemical fertilizers. Intercropping with maize, millet 
and wheat is a general practice in mandarin orange orchards, which not only compete with soil 
nutrients but also damage the surface roots of mandarin orange trees. Therefore, intercropping 
of such crops should be discouraged when the trees come to bearing stage, and the farmers 
need to be encouraged to use the recommended amount of manures and fertilizers. Location 
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specific fertility trials, soil surveys, and soil and foliar analysis are important in determining 
the manure and fertilizer requirements, especially in commercial growing orchards.

Future research on mandarin oranges
Future long-term study should focus on the management of major nutrients (NPK combinations) 
and response of different micronutrients (Zn, Fe Cu, Mn, B amd Mo) on the growth and yield 
of mandarin oranges so that strong recommendations can be made for obtaining benefits by 
the mandarin orange growers.
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Introduction
Success and failure of plants life is fully depending on the physical and chemical properties 
of soil. Soil physical properties are more important than chemical properties to fruit crops. 
Soils with pH range 6.5 to 7 are ideal for citrus crop (Terry et al., 1992).  Besides providing 
anchorage to the plant, soil furnishes water and nutrient for its growth and development. Citrus 
trees are grown on various types of soil ranging from sandy to clay with proper management 
practices. For good performance citrus crop requires deep well drain soil, free of excess salt 
with humus content. In Nepal, citrus are grown in mid hill range due to favorable agro-climatic 
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Abstract 

Both soil and leaf samples of the mandarin orange orchards were analyzed to determine the 
nutritional status of citrus orchards of Sudur Pashchim Province (SPP) of Nepal. Samples were 
collected at various depths from the problematic mandarin orange (Citrus reticulata Blanco) 
orchards of the five districts (Kailali, Dadeldhura, Baitadi, Doti and Achham) in 2007 October 
and analyzed for nitrogen (N), phosphorus (P), potassium (K), soil pH and organic matter (OM). 
Leaf samples were also collected from the same orchard at the same time, where the soil samples 
were taken from healthy and unhealthy orchard trees separately and analyzed for NPK and 
micronutrients i.e. zinc (Zn), iron (Fe) and manganese (Mn). The soil pH was found more acidic 
(4.8-6.4) in the orchard.  Amount of Organic matter (1.2%), and nitrogen of the soil is lower 
(0.091%) level, phosphorous medium (186.7 kg/ha) and potassium was excess (582.4 kg/ha). 
Amount of Nitrogen (2.25%), potassium (0.380%) and zinc (27.80 ppm) in the leaf was observed 
deficient level, where the phosphorous (0.189%) and iron (490.26 ppm) was high level and 
manganese (34.38 ppm) was medium level. The result showed that the organic matter, nitrogen 
and zinc are deficient in both soil and leaf in the citrus orchards of SPP study sites of Nepal.

Keywords: Nutrient deficiency, Concentration, Organic matter, Mandarin orange, Citrus orchard
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conditions, but the soil of this range is less fertile, has less water holding capacity and there is 
predominance of gravel and stone which requires high management practices for cultivation 
of citrus crop (Srivastav and Singh, 2006)., Due to the poor management practices and poor 
nutritional status citrus plants in Nepal are being suffered from malnutrition and showing 
declining symptoms in Nepal. FAO (2002) reported that the annual fertilizer requirements of 
citrus are 100 to 200 kg N, 35 to 45 kg, P2O5 and 50 to 160 kg K2O /ha. Balance nutrients are 
important for the improvement of yield and quality. 

Citrus is a perennial fruit trees and deep-rooted crop. The uptake of available soil nutrients 
by the trees are strongly influenced by the soil pH and moisture. The soil organic matter, and 
the levels of various nutrients such as nitrogen, phosphorus, potassium, calcium, zinc, iron 
and magnesium influence tree growth and fruit yield. Gupta et el (1989) reported that boron, 
magnesium, copper, calcium and zinc were deficient in most of the mandarin orange orchard 
of Dhankuta district. Citrus trees in the selected sites of Sudur Pashchim Province (SPP) were 
suspected from nutritional problems causing lower yield. It is necessary to test leaf and soil of 
orchard every year and to know the nutrient status of the soil and tree of the orchard, which 
helps to manage the fertilizer economically. Therefore this study is to determine the nutritional 
status of orchard soil and tree in the SPP of Nepal, that will remedial procedures of nutrient 
deficient problem in a sustainable way and increase the yield and quality of citrus fruits. 

Materials and methods
The sites were selected on the basis of detailed discussion with District Agriculture 
Development Office (DADO) of each district. Select mandarin orange growing farmers group 
in major production pocket areas of the district and orchards were selected with the discussion 
of farmers groups in the pocket areas. 

Soil sample collection and analysis
Soil samples were collected from problematic mandarin orange orchards of five districts i.e. 
Kailali (Sahajpur and Nigale), Dadeldhura (Bagarkot), Doti (Kapalleki), Achham (Mangalsen) 
and Baitadi (Durgabhawani) of SPP. Samples were collected from 5-10 spots in 2007 October 
(depending on orchard size) in a zigzag way by soil agar. Soil samples were taken from directly 
beneath the outer canopy, just below the drip line of the tree. Three composite soil samples 
were collected in various depths (0-30 cm, 31-60 cm, and 61-90 cm) separately from each 
farmer’s orchard and packed one-kilogram representative soil sample in plastic bags with 
label. Collected samples were cleaned and dried in shed. A total of  seventy five (15 samples 
per district) composite soil samples were collected from five districts and analyzed for soil 
pH, organic matter (OM), Nitrogen (N), Phosphorus (P), Potash (K) and texture separately for 
each depth in the laboratory of National Soil Science Research Centre, Khumaltar, Lalitpur.

Leaf sample collections and analysis
Leaf samples were collected from same orchards where soil sample were taken in 2007. Two 
composite leaf samples were collected from each orchard (10% of total plant) separately from 
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bearing healthy and unhealthy trees (50 leaves from healthy and 50 leaves from unhealthy 
trees). A total of 50 composite leaf samples were collected from five districts. Four to six month 
old matured leaves were collected from non-fruiting branch representing all four directions. 
Samples were washed in clean water and kept in percolated Nepali envelope with label prior 
to sanding in the Soil Lab. Leaf samples were analyzed for N, P, K, Fe, Zn and Mn in National 
Soil Science Research Centre, Khumaltar, and Lalitpur laboratory.

Results and discussion 

Soil analysis
Soil pH: Soil pH is one of the most important factors that influence the nutrient-absorbing 
capacity of the plant. In Nepal, recommendation of pH value for mandarin orange orchard soil 
is 6.5 however; it can grow on soil with pH range 4 to 8.5 in India (Haas 1960). In alkaline soil, 
the availability of micronutrients decreased. Lower pH level stands to increase the leaching of 
lime and magnesium; higher-level reduces the availability of trace elements. The pH range of 
mandarin orange orchards in the study sites were varied ranges from 4.5 to 6.4 according to 
location and depth. Average value of pH was found 5.8 that are moderately acidic. It is advised 
to supply sufficient liming materials to prevent pH value if falling below 5.5 and soil pH better 
to test every year.

Soil organic matter: Organic matter plays an important role to improve the soil quality and 
maintaining the tree health of citrus. It improves soil physical properties besides supplying 
plant nutrients and increases the buffering capacity of the soil and increases water-holding 
capacity which is very important factor for better yield of citrus trees. The level of OM at 0-30 
cm depth in the selected sites was less than 1.5 percent which is considered very low for citrus 
crop. Soil with more than 2.5 percent organic matter is considered suitable for citrus cultivation 
(Smith, 1966).   Among different sites, OM was lowest (0.808%) in Kaflekhi Doti and it was 
highest (1.928%) in Barkurali, Baitadi. OM percent was higher in topsoil and decreased as 
depth of soil increased (table 1). OM in the soil can be increased up to 2.5 percent in the citrus 
orchard by applying easily available resources such as crop residues, green manure, compost, 
animal wastes, oil cake, and residues from food processing (Hsieh, 1989). Since a matured 
cow can produce about 30 kg of wastes every day, proper management and use of compost 
could be a better option to improve soil OM content in the hills of Nepal.  

Nitrogen (N): Nitrogen is the balance wheel of citrus nutrition because of efficiency of 
other nutrients depends on the level of N in the soil and deficiency of N dramatically affects 
tree growth and fruit production (Oches et al 1991). It is a major component of chlorophyll 
(green pigment in leaves), and is associated with important tree functions such as growth, 
leaf production, flower initiation, fruit set, and development. Citrus trees need 0.1% to 0.2% 
nitrogen in the soil for better growth and health. Trees will show deficiency symptoms if 
nitrogen level falls below 0.09% (Smith, 1996). Aggrawal (1997) reported that N content 
of top soil (0-15 cm depth) in the citrus orchard of Punjab was 0.39%, but the amount of 
N depended on the soil type, rainfall, and temperature (Bould, 1963). In the SPP of Nepal, 



262
Oltxf;, lj1fg / k|ljlw History, Science and Technology in Nepal

Mandarin Orange :   g]kfnL ;'GtnfM

average N level of 0-30 cm, 31-60 cm, and 61-90 cm depth was found 0.108 %, 0.085% and 
0.081 % respectively (table 1). The level of N decreased with increased soil depth.  Average N 
level in the orchard soil was found < 0.091% in the selected site of SPP, which was below the 
optimum level. It could be increased by the addition of bio-fertilizers, legume intercropping, 
and well-decomposed compost manure. 

Phosphorus (P2O5): Phosphorus performs many vital functions in photosynthesis, enzyme 
activity, and formation and movement of sugars in the plant. It is important in flowers and 
fruit development. Low phosphorus affects fruit quality, causing misshapen fruit with open 
centers and coarse, thickened rinds in citrus. A citrus plant removed 24.5 kg phosphorus/
ha /year (Anonymous 1966) and but Smith (1996) reported the standard level of P2O5 in the 
soil would be 31-55 kg/ha. The soil analysis result of the study areas shows that average 
phosphorus level in the citrus orchard was 186.7 kg /ha (table 1) which is excess than standard 
level and no need to apply additional amount of P2O5. The highest amount of P2O5 was found 
in Sahajpur (320.6 kg/ha, excess level), and the lowest amount was found in Barkurali, Baitadi 
(90.5 kg/ha, high level) district. The result showed that the level of P2O5 in the orchard soil 
was found higher in all sites. Excessive P2O5 level, that affects to the leaf and shows zinc, iron, 
nitrogen, and copper deficiency. It reduces the juice content of fruits, and also inhibits root 
growth. It is suggested that, P2O5 should be applied only in situation where both soil and leaf 
analysis indicates deficiency. A long-term experiment on citrus in Australia shows that 1.81 kg 
superphosphate/ tree was the best for the optimum production and quality fruits (Cary, 1968).

Potassium (K2O): Potassium is important in the formation and functioning of proteins, fats, 
carbohydrates and chlorophyll and maintaining the balance of salts and water in plant cells. 
Potassium deficiency symptoms include slower tree growth; small leaves and a heavy leaf 
fall, often preceded by the leaves turning yellow or bronze. Fruits are small; skins are thin and 
smooth, tend to colored early, and split easily. Chapman and Hardling, point out citrus tree may 
use 75-120 kg K2O per acre per year. Highest amount of K2O was found in Mangalsen (1078.3 
kg/ha, excess level) and the lowest amount was found in Sahajpur (153.6 kg/ha, medium 
level). The average amount of K2O in the citrus orchard soil of survey areas was 584.9 kg /ha 
(table 1) which is an excess range but no toxic effect was found in the orchard plant. Increased 
the exchangeable potassium level in soil may reduces the uptake of calcium and magnesium. 
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Leaf analysis
The benefits of leaf analysis: Various factors like soil reaction, soil temperature,  
microbiological activities, rootstock, soil aeration etc affect the nutrient uptake of the plants. 
Leaf analysis is an effective technique and the best indicator for monitoring the nutrient 
status of citrus trees because the leaf is the focal point of many plant functions and relatively 
sensitive indicator to alteration in its mineral composition taken up from the roots. According 
to Cameron et al (1994), up to 50% of the total minerals in a citrus tree are available in the 
leaves. Thus results of leaf analysis in citrus orchards always have a good correlation with 
yield and quality of fruit. 

Leaf nitrogen (N): Citrus leaves may lose 25-30% nitrogen per year for new growth 
(Walance et. al., 1992). The average level of N in the healthy leaf was 2.30% and the 
unhealthy leaf was 2.19% in the study areas. A higher level of leaf N was found in 
Mangalsen (2.58%) and lower level was in Baitadi (1.9%). A level of leaf N, 2.4-2.8% in 
citrus leaf is considered optimum while below 2.4% indicates deficient level (Smith 1966). 
The average level of N in the selected sites was 2.25% which is in deficient level. The 
role of nitrogen metabolism is to regulate the induction of flowers. Foliar application of 
Nitrogen in late autumn was more efficient than in early spring. Mooney and Richardson 
(1992) demonstrated that citrus trees utilized 80% of nitrogen during the spring flush 
growth and fruit set period. It was clear that the trees were able to accumulate nitrogen 
in the autumn.  These reserves N are very important for early growth of trees and fruit in 
spring (Mooney et al. 1991; Mooney & Richardson 1992). 

Leaf phosphorus (P2O5): The average level of P2O5 in the healthy leaf was 0.182% and 
unhealthy leaf was 0.189% in the study sites, which is a high level. A higher level of P2O5 
was observed in Dadeldhura (0.267%) and the lowest level in Kailali (0.118%). An optimum 
level of P2O5 was reported 0.12-.016% in the leaf on a dry matter basis. The average level of 
P2O5 in the leaf was found higher to the excess in the study sites. Deficiency symptoms of 
P2O5 were observed less than 0.07% on dry matter basis. Phosphorus performs many vital 
functions in the plant i.e. photosynthesis, enzyme activity, and formation and movement 
of sugars. It has an important role in flowers and fruit development. Low phosphorus in 
the orchard soil affects growth of the tree, fruit yield, and quality, causing misshapen 
fruit with open centers and coarse, thickened rinds. The fruit is pulpy has a low juice 
percentage, and is acidic. A balanced supply of nitrogen and phosphorus gives both a high 
yield and good fruit quality. 

Leaf Potassium (K2O) : The level of K2O in the healthy leaf was found 0.417% and unhealthy 
leaf was 0.343% in the selected sites which is very low level. A higher level of K2O was found 
in Doti (0.480%) and the lowest level was found in Dadeldhura (0.280%). The optimum level of 
K2O was reported 1.2-1.7% in the leaf on a dry matter basis. The result of K2O level in leaves was 
found very low in the surveyed areas. Potassium involved in almost all the metabolic processes 
in the plants acts as an activator of enzyme systems. Humble et al (1970) proved that K2O plays 
and unique role in the opening of leaf stomata encourages root development in plants and plays 
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an important role in cell division. The deficiency symptoms appear first on older leaves. So it is 
advised to apply K2O when less than 0.7% in leaf. Nijjar and Singh (1971) showed that the level 
of K in the mandarin orange leaf Amritsagar district of India is 1.54% in healthy and 1.3% in the 
declined tree. 

Zinc (Zn): Zinc is one of the most damaging and widespread nutritional disorders of 
citrus species. The deficiency is most acute in alkaline soils. Even in its earliest stages, 
zinc deficiency lowers yield, reduces tree vigor and makes fruit small and poor in quality. 
The deficiency of Zn extent of hidden hunger was in the order of Zn>Ca>N.>Mg>K in the 
mandarin tree of Kangra district of India (Rana et al. 1984). Zinc deficiency is caused by 
citrus tristeza virus (CTV), or by fungus diseases such as root rot and foot rot diseases. 
Therefore it is advised to the growers must treat zinc deficiency by disease control or 
by nutrient management, depending on the cause. According to Childers (1986) Zn was 
ranked in second of N in citrus nutrition. Level of Zn in the healthy tree leaves was 31.31 
ppm and in unhealthy leaves24.3 ppm in the study areas, which was the optimum level. 
The critical concentration of zinc in citrus leaves is 25-49 ppm and less than these amount 
deficiency symptoms may occur. The average level of Zn in the survey areas was found 
27.80 ppm which was the optimum level.  

Manganese (Mn): The deficiency of Mn shows less than 15 ppm in the plant leaves but in 
the study sites, level of Mn on unhealthy /decline tree leaves were found 27.26 ppm and 
in the healthy leaves was 41.5 ppm that is optimum level. Highest level of Mn was found 
in Kailali (63.57 ppm) and the lowest was found in Dadeldhura (2.75 ppm). The average 
level of Mn was 34.38 ppm. A high variation of Mn level was found in the selected 
areas. The symptoms of manganese deficiency are very similar to those of zinc deficiency. 
According to Reitz (1958), the typical symptoms of Mn deficiency in citrus leaves is dark 
green bands along the midribs and a lighter green leaf blade. In addition, there is some 
overlapping of deficiency symptoms of Mn and Zn. Mn deficiency in the citrus trees can 
be corrected by spraying 120 g Manganese sulfate in 100 liters of water, when the major 
flush of leaves has expended. 

Iron (Fe): The function of Fe in the plant is chlorophyll production. Deficiency of iron loss 
the chlorophyll (pale green leaf) in young leaves; only the main veins stay green. In the acute 
stage, fruits are small, hard, coarse, light in color and sometimes misshapen especially in lemon. 
Available Fe contains in Uttar Pradesh of India is 1.2-22.2 ppm in the soil reported by Singh and 
Tripathi (1979). But in the SPP of Nepal was found 490.62 ppm in healthy and 482.88 ppm in 
unhealthy trees leaves that is in excess level. According to Reitz et al (1974) 20 g of Fe per tree 
in the form of Ethylenediaminetetraacetic Acid (EDTA) is enough for the correction of deficient 
trees and it also increase the root growth.  
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Table 3. Leaf nutrient content of healthy and unhealthy/decline-bearing mandarin orange trees 
in the SPP of Nepal. 

Nutrient 
1. Kailali  2.Dadeldhura 3.Doti 4. Achham 5. Baitadi Mean Grand

MeanA B A B A B A B A B A B

N % 2.41 2.19 2.26 2.23 2.34 2.02 2.58 2.14 1.90 2.36 2.30 2.19 2.25

P % 0.182 0.118 0.151 0.267 0.190 0.215 0.196 0.190 0.195 0.213 0.182 0.198 0.189

K % 0.437 0.447 0.420 0.280 0.480 0.330 0.390 0.350 0.360 0.310 0.417 0.343 0.380

Zn (ppm) 37.13 25.75 26.05 20.46 23.32 22.28 29.09 28.57 29.09 28.57 31.31 24.3 27.80

Mn (ppm) 63.57 16.05 2.75 9.65 64.14 29.59 42.23 39.71 42.23 39.71 41.5 27.26 34.38

Fe (ppm) 507.13 522.8 307.8 391.5 480.3 486.56 559.6 526.1 559.6 526.1 488.4 492.1 490.26

Note: A = healthy tree B = unhealthy/ decline tree

Table 4. Rating scale of nutrients in 4-7 months old mandarin leaves

S.N. Nutrients Much 
deficient Deficient Medium High Excess

1 Nitrogen (%) <2.1 2.2-2.4 2.5-2.7 2.8-3.0 > 3.1

2 Phosphorus (%) <0.08 0.090-0.110 0.12-0.16 0.17-0.29 > 0.3

3 Potassium (%) <0.7 0.7-1.1 1.2-1.7 1.8-2.3 > 2.4

4 Iron (ppm) <35 35-49 50.120 130-200 > 201

9 Manganese (ppm) <18 18-24 25-49 50-500 > 501

10 Zinc (ppm) <18 18-24 25-49 50-500 > 201

Source: Smith (1966)

Relation of soil and leaf nutrient: Nitrogen concentration in the top soil (0-30cm) was found 
0.108% which was medium level, but level of N was 2.30% in healthy and 2.19% in unhealthy 
leaves, which was deficient to much deficient level in all sites. The amount of N is higher in 
the leaf as compared to the soil due to N being highly leaching nature and eroded from the soil 
by heavy rain. Smith (1969) reported that, N application of N 168 kg /ha /year maintained the 
leaf N about 2.45% in 4-5-month-old leaf. Phosphorus concentration in the orchard soil was 
more than excess level up to 90 cm depth in all sites and found medium to high level in the 
leaf. The results of nitrogen and phosphorus in the soil and leaf are positive relation. Erobelton 
et al 1956 found that higher level of phosphorus reduced the percentage of N and K2O and 
increased the Ca and Mg in citrus leaf. Amount of potash in the orchard soil was excess in 
topsoil and reducing the amount as increased the soil depth but the amount of potash in the 
leaves was very low level. The relation of potash in the soil and leaf was negative due to root 
could not absorb the potash from the soil (table 5). The level of organic matter in the soil was 
low level in SPP. The micronutrient (Zn, Fe and Mn) level in the mandarin orange tree leaf 
was satisfactory.   
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 Table 5. Level of nutrient in the soil and leaf of mandarin orange orchard.

S. No. Nutrients Soil Leaf

1. Nitrogen  Low Deficient 

2. Phosphorus Excess High 

3. Potash Excess Very low 

4. Organic matter Low -

5. Zinc - Medium 

6. Iron - Medium 

7. Manganese - Excess 

Fruit quality analysis
Various factors are responsible for influencing the quality of mandarin orange fruit. Among 
them, climate, nutrition, and rootstocks are major factors that influence the mandarin orange 
fruit quality. The quality of mandarin orange fruit was evaluated by scoring various traits i.e. 
size, weight, Juice, color, TSS and TA. Higher the score ranking better fruit quality. Mandarin 
orange fruits ranking <50% = very poor, 51-60% = poor, 61-70% = medium, 71-80% = good, 
>81% = better in quality. On the basis of these parameters, quality of mandarin orange fruits was 
evaluated in the five districts of SPP. According to evaluation score the results of Kailali was 
found 83.3% and Doti was 76.6% in healthy trees which is good in quality (table 6). The fruit 
quality of healthy trees in other sites is not in satisfactory level and score of decline/ unhealthy 
trees were found very poor in all sites. Market prices depend on the quality of fruits, fruit 
quality depends on tree health, tree health depends on soil fertility, and soil fertility depends 
on quality compost applied in the orchard soil. The dream of better earning will fulfill by the 
application of quality compost. One kg fresh Nagpur mandarin orange fruit was observed, to 
remove N 5.8-6.8 g, P 280-340 mg, and K 3-3.1 g from the tree. Therefore balanced nutrients 
should be applied for quality production.

Table 6. Fruit quality evaluation of healthy and unhealthy/ declined mandarin orange trees in 
the SPP of Nepal. 

Fruits Traits 
1. Kailali  2.Dadeldhura 3.Doti 4. Baitadi Mean Grand

MeanA B A B A B A B A B
Fruit weight 
(gm) 125.7(5) 72.0(2) 87.5(3) 44.2(1) 124.9(4) 59.4(1) 72.6(2) 50.9(1) 102.7(4) 56.6(1) 84.15(2)

Fruit diameter 
(mm) 65.9 (4) 51.9(3) 58.1(3) 45.0(2) 67.2(4) 47.7(2) 55.3(3) 45.5(2) 61.6(3) 47.5(2) 54.55(3)

Fruit height 
(mm) 59.3 49.7 51.6 42.8 53.6 43.8 48.3 39.9 53.2 44.0 48.26

Peel weight 
(gm) 36.4 20.6 25.2 13.4 39.0 16.2 20.5 14.4 30.3 16.2 23.25

Seed number 13 9.0 16 6 14 14 15 6. 14.5 8.8 11.65
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Fruits Traits 
1. Kailali  2.Dadeldhura 3.Doti 4. Baitadi Mean Grand

MeanA B A B A B A B A B
Juice content 
(%) 42.3(4) 37.4 (3) 45.3(4) 40.5 (4)  38.8(3) 41.9 (4) 44.8 

(4)
46.9 
(4) 43.2(4) 24.1(2) 33.65(2)

TSS brix % 10.8 (3) 8.5(1) 9.2(3) 8.3(2) 10.1(3) 9.2(3) 10.7(3) 7.7(2) 10.2(3) 8.4(2) 9.3(3)

TA % 0.9 (4) 1.54 (2) 0.91(4) 1.13(3) 0.89(4) 1.07(3) 0.96(4) 1.7(1) 0.91(4) 1.36(2) 1.18(3)

TSS/TA 12.5(5) 8.6(2) 10.3(4) 7.6(1) 12.7(5) 5.1(1) 11.1(5) 8.9(2) 11.65(5) 7.55(1) 9.6(3)

Total score 25 13 21 13 23 14 21 12 23 10 16

Score % 83.3 43.3 70 43.3 76.6 46.6 70 40 76.6 33.3 53.3

Note: A = healthy tree, B = unhealthy/decline tree

 y Score number of ratings inside the bracket. Higher the score ranking better fruit quality. 
Mandarin orange fruits ranking <50% = very poor, 51-60% = poor, 61-70% = medium, 
71-80% = good, >81% = better in quality.

Table 7. Quality evaluation bases of mandarin orange fruits by scoring various traits on the 
basis of physio-chemical character analysis

S No Traits
Scores

Remarks 
1 2 3 4 5

1. TSS % <7 7-9 9.1-10.9 11-11.9 >12 Higher the better

2. TA% >1.6 1.3-1.5 1-1.2 0.7-0.9 <0.6 Lower the better

3. TSS/TA <8 8-9 9-10 10-11 >12 Higher the better

4. Pulp % <40 40-50 50-60 60-70 > 70 Higher the better

5. Juice % <20 20-30 30-40 40-50 > 50 Higher the better

6. No of seed >12 9-11 7-9 5-7 <5 Lower the better

7. Weight (g) <40 40-60 60-80 80-100 >100 Higher the better

Note: The following traits should be used for the evaluation of mandarin orange fruit quality in Nepal.
(Scale=1- 5).

Table 8. Quality evaluation bases of mandarin orange fruits by scoring various traits on the 
basis of size and volume analysis

S No Traits Extra 
large (5)

Large 
(4)

Medium 
(3)

Small 
(2) 

Very 
small (1)

1. Size Diameter (mm) >71 61-70 51-60 41-50 <40

2. Volume Weight (g) >125 101-124 86-100 71-85 <70

3. No of fruit /kg wt <8 9-10 11-12 13-14 >15
Source: Proceeding of mandarin fruit evaluation, NCRP, Dhankuta. (2007)
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Conclusion
Soil pH was found moderately acidic in the study sites. Nitrogen level in the soil and leaf was 
found in low level and plant shows deficiency symptoms in few orchards. The organic matter 
in the soil was very low level. The amount of Phosphorus and Potash were optimum or excess 
in the orchard soil but Potash level in the leaf was found very low or deficient level in the SPP. 
Possibly plants could not absorb the Potash from the soil. The result of soil and plant nutrient 
analysis revels that there was no shortage of Phosphorus. But organic matter and nitrogen were 
low to very low. The level of micro nutrient Zn, Fe and Mn was medium to high. The quality 
of fruits from healthy trees was good Sahajpur of Kailali and Kapalleki of Doti. But the fruits 
from unhealthy trees were very poor in quality almost of the sites. Hence, a supply of balanced 
nutrients is necessary for increasing the productivity and quality of citrus fruit in SPP. 

Recommendation
 y Organic matter of citrus orchard soil should be increased by applying quality compost and 

other farm by products.  
 y Increase the level of nitrogen in the soil and trees by applying addition fertilizer but reduced 

the amount of fertilizer greatly substitute by applying sufficient amount of organic sources 
and legume intercropping. 

 y Absorption and translocation of mineral nutrition fully depend on the moisture level in the 
soil, so that maintaining the soil moisture of the orchard, especially in drought season by 
using appropriate mulching materials. 

 y Techniques of compost making were traditional in the survey sites. They should use 
improved method of compost preparation for quality compost production. 
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Introduction
Citrus in Nepal is cultivated in 49,306 ha (productive area: 32,317 ha) with a total production 
of 306,149 mt and a productivity of 9.47 mt per ha in Fiscal Year, 2021/22 (MoALD, 2023). 
An agricultural statistics of citrus cultivation in Nepal developed of MoALD (2023) reveals 
citrus being cultivated in 74 (96.1%) districts where mandarin orange and sweet orange are 
exclusively cultivated in 56 (72.7%) and 51 (66.2%) districts in the mid-mountain region 
of Nepal. Citrus holds a productive area of 32, 317 ha (25%) and a total production of 306, 
149 mt (21.6%) with respect to the toal fruit-productive area (ha) and -production (mt) in the 
country.

The citrus productivity is obverved declining in Nepal (Kaini, 2019), and fruit dropping is 
remained the mainspring incurred of fruit flies (Bactrocera dorsalis Hendel and B. minax 
(Enderlein)) and Rhynchocoris poseidon (spined fruit bug) (Shrestha, 2067). Similarly, 
huanglongbing (citrus greening) and citrus tristeza virus diseases in citrus plants due to 
vector insects, respectively, Diaphorina citri Kuwayama (Asian citrus psyllid) and Toxoptera 
citricidus (Kirkaldy) (brown citrus aphid) are two important vectors to deplete citrus production 
in each subsequent fruit seasons. Besides these citrus insect pests, there remained many 
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A review is performed on the citrus insect and mite pest researches conducted in the country up 
to 2024. Their relevant findings are flawlessly presented in this paper that may help develop and 
execute strategic citrus insect pest management system against pest insects and mites triggering 
citrus decline in the citrus production in the country. Presently, an inventory of 80 species of 
citrus pests included of 73 and 7 different species of insects and mites, respectively, is existed in 
the citrus production system in Nepal. Pest Risk Analysis of citrus commodity has pointed out 32 
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commodity while importing citrus planting materials and fruits from Bhutan to Nepal.
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more serious pests in the citrus production system. Globally, citrus insect pests vary from 
country to country; over 800 pest species in China (Urbaneja et al., 2020) and 250 species of 
insects and mites in India (Santoshkumar et al., 2013). Citrus is an indigenous crop of Nepal 
(Bonavia, 1890; Shrestha and Verma, 1998; Lohar and Lama, 1997), a nuber of Citrus R&D 
initiations with the establishments of Citrus Research Station in Dhankuta (later, given status 
of National Citrus Research Programme in July 2020) and Sub Station in Pokhara, 1961, 
National Citrus Development Programme, 1972 followed with establishments of Horticulture 
Research Stations in different districts, and JICA’s Horticulture Development Project extended 
to Sindhuli, Ramechhap, Kathmandu, Nuwakot, Banke, Bardia, Kavrepalanchok, Lalitpur 
and Bhaktapur became the milestones in the citrus research and development in the country 
(Paudyal et al., 2016). Thus, a citrus pest research profiles along with their updated results 
to 2024 are collected and presented in this paper to help develop and execute strategic citrus 
insect pest management system against pest insects and mites triggering citrus decline in the 
citrus production in the country.

Insect pests donated in citrus

First time survey of FAO survey in 1967 AD
Entomological problems in citrus plants revealed during FAO survey conducted in Pokhara to 
Ranigaun in 1967 (Knorr, and Shah, 1971). This was first time an organized specific survey 
(Detection Survey) in course of surveillance of citrus insect and mite pests. During this survey 
citrus insects detected were as follows:

Psyllid (Hemiptera: Sternorrhyncha: Liviidae): Diaphorina citri Kuwayama (Asian citrus 
psyllid) 

Aphid (Hemiptera: Sternorrhyncha: Aphididae):  Toxoptera citricidus (Kirkaldy), Toxoptera 
aurantii (Boyer de Fonsicolombe)

Scale insect (Hemiptera: Sternorrhyncha: Diaspididae): Aonidiella aurantii (Boyer de 
Fonsicolombe), Aspidiotus destructor Signoret, Fiorinia theae Green (camellia scale), 
Hemiberlesia rapax Comstock) (greedy scale (USA)), Lepidosaphes beckii (Newman).

Scale insect (Hemiptera: Sternorrhyncha: Coccidae): Saissetia coffeae (Walker) (hemispherical 
scale), Coccus hesperidum (Linnaeus), (Rana and Sharma, 1965; Rana and Sharma, 1967), 
and Pulvinaria psidii Maskell (green shield scale).

Scale insect (Hemiptera: Sternorrhyncha: Monophlebidae): Icerya seychellarum (Westwood), 
Hemaspidoproctus cinereus (Green).

Mealybugs (Hemiptera: Sternorrhyncha: Pseudococcidae): Pseudococcus cryptus Hempel (= 
Pseudococcus citriculus Green (citrus mealybug), and Nipaecoccus vastator (Maskell) (Rana 
and Sharma, 1965; Rana and Sharma, 1967). 

Whitefly (Hemiptera: Sternorrhyncha: Aleyrodidae): Bemisia giffardi (Kotinsky) (Rana and 
Sharma, 1967).
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Blackfly (Hemiptera: Sternorrhyncha: Aleyrodidae): Aleurocanthus woglumi Ashby

Plant bug (Hemiptera: Heteroptera: Pentatomidae): Dalpada sp.

Plant bug (Hemiptera: Heteroptera: Pyrrhocoridae): Dysdercus evanescens Distant

Plant bug (Hemiptera: Heteroptera: Membracidae): Oxyrachis sp. (treehopper, cow bug), 
Otinotus oneratus (Walker) (cow bug) 

Plant bug (Hemiptera: Heteroptera: Pentatomidae): Rhynchocoris poseidon Kirkaldy  
(= R. humeralis) (spined fruit bug).

Beetle: (Coleoptera: Coccinellidae): Jauravia quadrinotata Kapur (lady beetle), Elateridae: 
Agonischius sp., Buprestidae: Agrilus sp., Scarabaeidae: Glycyphana horsfieldi (Hope) 
(flower chafer), Oxycetonia jucunda Faldermann (citrus flower chafer), Thaumastopeus pullus 
(Billberg). (black rose chafer), Colasposoma semicostatum Jacoby, Cassida sp.

Butterfly: (Lepidoptera: Papilionidae): Papilio demoleus Linnaeus, P. machaon Linnaeus and 
P. polytes Linnaeus (Knorr et al., 1970), 

Moth: (Lepidoptera: Erebidae): Argina cribaria Clerck, Euproctis xanthorrhos Kollar, 
Gracillaridae: Phyllocnistis citrella Stainton

Fly: (Diptera: Tephritidae): Dacus dorsalis Hendel (Oriental fruit fly). (Remark: Dacus 
dorsalis has not been recorded in the literature from Nepal. P.N. Rana, Entomologist remarked 
it being recently found in the country in citrus orchards, and was seriously occurred in the 
Inner Tarai on mandarin orange fruits).

Mites: (Acari: Eriophyidae): Phyllocoptruta oleivora (Ashmead) (citrus rust mite) (Found in 
large numbers in the Pokhara area and was the cause of fruit russeting in many citrus varieties 
(Knorr and Shah, 1971). (This mite was determined by H.A. Denmark, Division of Plant 
Industry, Gainesville, Florida, USA). Eotetranychus sexmaculatus (Riley) (six-spotted spider 
mite) (Tetranychidae) (Rana and Sharma, 1967). Eutetranychus orientalis (Klein) (citrus 
brown mite) (Tetranychidae). Citrus brown mite was found during the March survey on Citrus 
jambhiri Lush. at Pokhara (Knorr and Shah, 2071). (This mite was determined by E.W. Baker, 
U.S. Department of Agriculture, Washington, D.C.). Brevipalpus californicus (Banks) (citrus 
flat mite) (Tenuipalpidae) found on mandarin oranges at Pokhara and Sumbek. Knorr and Shah 
(2071) Remarked, “Brevipalpus californicus is the species that produces leprosies on citrus 
in Florida, but no symptoms of this disease were seen in Nepal.” Brevipalpus californicus is 
determined by E.W. Baker. Brevipalpus obovatus Donnadieu (scarlet tea mite) (Tenuipalpidae) 
is the cause of leprosies on citrus in South America. Knorr and Shah (2071) observed B. 
obovatus mite on shaddock (pomelo) at Patan but no leprosies symptom on fruits. 

FAO-Nepal and Ministry of Agriculture-Nepal, 2003-05 AD
First time an organized general surveillance of crop insect pests under the general supervision 
of FAO Representative, the technical guidance of the Plant Protection Service, AGPP, and in 
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close collaboration with the Ministry of Agriculture, the national counterparts, Consultants 
and the IPPC Technical Officer, the National Consultant Entomologist- Pest Surveillance 
conducted a general surveillance of insect and mite pests of 21 national prioritised agricultural 
crops including Citrus spp. in Nepal. The programme was conducted under a banner of 
Strengthening Plant Quarantine Service, TCP/NEP/2903 (A) Project, 2003-2005 of FAO-
Nepal and Ministry of Agriculture-Nepal. The general citrus trees surveillance resulted in 
different species of 52 Citrus spp. pests and 13 Citrus sinensis (sweet orange) pests. The 
following are an inventory of insect and mite pests of Citrus spp. of Nepal (Joshi, 2005). 

General Surveillance, 2005-06 AD
The citrus pest-inventory out of the general surveillance (2005-06) revealed the following 
detail of insect and mite pest inclusions in each pest group.

Hemiptera: Diaspididae (Armoured scale insects)

1. Aonidiella aurantii  (Boyer de Fonsicolombe) 2. Aonidiella orientalis  Newstead 3. Aspidiotus 
destructor Signoret 4. Diaspidiotus perniciosus (Comstock) Cockerell 5. Lepidosaphes beckii 
(Newman); Coccidae (Soft scale insects): 1. Coccus hesperidum  (Linnaeus) 2. Parasaissetia 
nigra (Nietner) 3. Ceroplastes japonicas Green 4. Pulvinaria psidii Maskell 5. Saissetia coffeae 
(Walker); Aphididae (Aphids): 1. Aphis fabae Scopoli 2. Aphis craccivora Koch 3. Aphis 
spiraecola  Patch 4. Aphis gossypii Glover 5. Myzus persicae  (Sulzer) 6. Rhopalosiphum maidis 
(Fitch) 7. Toxoptera citricidus (Kirkaldy)8. Toxoptera aurantii (Boyer de Fonsicolombe); 
Pseudococcidae: 1. Maconellicoccus hirsutus (Green) 2. Nipaecoccus viridis (Newstead)  
3. Pseudococcus cryptus Hempel; Pentatomidae: 1. Nezara viridula  (Linnaeus)  
2. Rhynchocoris poseidon Kirkaldy; Aleyrodidae:  1. Aleurocanthus woglumi Ashby;  
Liviidae:  1. Diaphorina citri Kuwayama; Monophlebidae (Margarodidae): 1. Icerya 
seychellarum (Westwood).

Diptera: Muscidae: 1. Atherigona orientalis (Schiner); Tephretidae: 1. Bactrocera cucurbitae 
(Coquillett) 2. Bactrocera dorsalis (Hendel) 3. Bactrocera dorsalis (species complex)  
4. Bactrocera minax (Enderlein) (Previously, misidentified as Bactrocera tsuneonis).

Thysanoptera: Thripidae: 1. Chaetanaphothrips orchidii (Moulton) 2. Heliothrips 
haemorrhoidalis (Bouche) 3. Thrips flavus Schrank.

Lepidoptera: Moth: Noctuidae: 1. Eudocima fullonia  (Clerck) 2. Spodoptera 
litura (Fabricius) 3. Chrysodeixis acuta (Walker) 4. Helicoverpa armigera (Hübner); 
Lymantriidae: 1. Euproctis xanthorrhoea (Kollar); Saturniidae: 1. Attacus atlas Linnaeus;  
Limacodidae: 1. Parasa lepida (Cramer); Gracillariidae: 1. Phyllocnistis citrella Stainton

Lepidoptera: Butterfly: 1. Papilio demoleus  Linnaeus  2. Papilio polytes Linnaeus  
3. Menelaides polytes romulus Cramer 4. Papilio machaon rinpoche  Wyatt 5. Menelaides 
nephelus Boisduval. 

Coleoptera: Buprestidae: 1. Agrilus sp.; Cassididae: 1. Cassida sp.; Cerambycidae:           



277
Oltxf;, lj1fg / k|ljlw History, Science and Technology in Nepal

Mandarin Orange :   g]kfnL ;'GtnfM

1. Oberea butangensis Breuning; Scarabaeidae: 1. Oxycetonia jucunda (Falderman)

Acari (Mite): Tetranychidae: 1. Eutetranychus  sexmaculatus

Inventory of citrus (Citrus spp.) insect and mite pests in Nepal, 2010-11 AD
Joshi (2010-11) developed, for the first time, the following comprehensive inventory of citrus 
(Citrus spp.) insect and mite pests based on the citrus insects and mite preserved in the Insect 
Museum in National Entomology Research Center (then Entomology Division) (Joshi and 
Manandhar, 2001) and the citrus insect datasheets of Crop Protection Compendium of CAB 
International (2006). The inventory (n = 54) included insects and mite belonging to orders 
Coleoptera (n = 4), Diptera (n = 5), Hemiptera (n = 27), Lepidoptera (n = 14), Thysanoptera  
(n = 3) and Acari (Tetranychidae) (1). 

The citrus insects and mites are as followed:

 y Agrilus sp. (jewel beetle) (Coleoptera: Buprestidae)
 y Aleurocanthus woglumi (citrus blackfly) (Hemiptera: Sternorrhyncha: Aleyrodidae)
 y Aonidiella aurantii (red scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Aonidiella citrina (Craw) (yellow scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Aonidiella orientalis (oriental red scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Aphis craccivora (groundnut aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Aphis fabae (black bean aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Aphis gossypii (cotton aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Aphis spiraecola (green citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Aspidiotus destructor (coconut scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Atherigona orientalis (pepper fruit fly)(Diptera: Muscidae)
 y Attacus atlas (atlas moth) (Lepidoptera: Saturniidae)
 y Bactrocera cucurbitae (melon fly) (Diptera: Tephritidae)
 y Bactrocera dorsalis (Oriental fruit fly) (Diptera: Tephritidae)
 y Bactrocera dorsalis (species complex) (Diptera: Tephritidae)
 y Bactrocera minax (Chinese citrus fly) (Diptera: Tephritidae)
 y Cassida sp. (tortoise beetle) (Coleoptera: Chrysomelidae)
 y Ceroplastes japonicas (tortoise wax scale) (Hemiptera: Sternorrhyncha: Coccidae)
 y Chaetanaphothrips orchidii (anthurium thrips) (Thysanoptera: Thripidae)
 y Chrysodeixis acuta (tomato semi-looper) (Lepidoptera: Noctuidae)
 y Coccus hesperidum (brown soft scale) (Hemiptera: Sternorrhyncha: Coccidae)
 y Diaphorina citri (Asian citrus psyllid) (Hemiptera: Sternorrhyncha: Liviidae)
 y Diaspidiotus perniciosus (San Jose scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Eudocima fullonia (fruit-piercing moth) (Lepidoptera: Erebidae)
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 y Euproctis xanthorrhoea (= Euproctis chrysorrhoea) (brown-tail moth) (Lepidoptera: 
Erebidae)

 y Eotetranychus ? sexmaculatus (Riley) (six-spotted spider mite) (Acari: Tetranychidae)
 y Helicoverpa armigera (cotton bollworm) (Lepidoptera: Noctuidae)
 y Heliothrips haemorrhoidalis (black glasshouse thrips) (Thysanoptera: Thripidae)
 y Icerya seychellarum (Seychelles scale) (Hemiptera: Sternorrhyncha: Monophlebidae)
 y Lepidosaphes beckii (purple scale) (Hemiptera: Sternorrhyncha: Diaspididae)
 y Maconellicoccus hirsutus (pink hibiscus mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae)
 y Myzus persicae (green peach aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Nezara viridula (green stink bug) (Hemiptera: Heteroptera: Pentatomidae)
 y Nipaecoccus viridis (spherical mealybug) (Hemiptera: Sternorrhyncha: Pseudococcidae)
 y Oberea butangensis (citrus stem borer) (Coleoptera: Cerambycidae)
 y Oxycetonia jucunda (citrus flower chafer) (Coleoptera: Scarabaeidae)
 y Papilio (= Menelaides) nephelus chaon Boisduval (Yellow helen) (Lepidoptera: 

Papilionidae)
 y Papilio (= Menelaides) helenus helenus Linnaeus (Red helen) (Lepidoptera: Papilionidae)
 y Papilio (=Menelaides) polytes romulus (Cramer) (common mormon) (Lepidoptera: 

Papilionidae)
 y Papilio demoleus (chequered swallowtail) (Lepidoptera: Papilionidae)
 y Papilio demoleus demoleus Linnaeus (Lime swallowtail) (Lepidoptera: Papilionidae)
 y Papilio machaon rinpoche (Common yellow swallowtail) (Lepidoptera: Papilionidae)
 y Parasa lepida (nettle caterpillar) (Lepidoptera: Limacodidae)
 y Parasaissetia nigra (Nietner) (black coffee scale) (Hemiptera: Sternorrhyncha: Coccidae)
 y Phyllocnistis citrella (citrus leaf miner) (Lepidoptera: Gracillaridae)
 y Pseudococcus cryptus (citriculus mealybug) (Hemiptera: Sternorrhyncha: Pseudococcidae)
 y Pulvinaria psidii (green shield scale) (Hemiptera: Sternorrhyncha: Coccidae)
 y Rhopalosiphum maidis (green corn aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Rhynchocoris poseidon (= R. humeralis) (spined fruit bug) (Hemiptera: Heteroptera: 

Pentatomidae)
 y Saissetia coffeae (brown coffee scale) (Hemiptera: Sternorrhyncha: Coccidae)
 y Spodoptera litura (armyworm) (Lepidoptera: Noctuidae)
 y Thrips flavus (apple blossom thrips) (Thysanoptera: Thripidae)
 y Toxoptera aurantii (Black citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae)
 y Toxoptera citricidus (brown citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae)
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Review of the agricultural and horticultural insect pests, 1995 AD
Neupane (1995) reviewed the agricultural and horticultural insect pests of different crops of 
Nepal, and the report included the following citrus insect pests with their pertinent distributions 
in the country:

 y Aonidiella aurantii (red scale) (Hemiptera: Sternorrhyncha: Diaspididae) in hills and 
Tarai.

 y Aspidiotus destructor (coconut scale) (Hemiptera: Sternorrhyncha: Diaspididae) in hills 
and Tarai.

 y Bactrocera dorsalis (Oriental fruit fly) (Diptera: Tephritidae) in hills and Tarai.
 y Bactrocera zonata (Saunders) (peach fruit fly) (Diptera: Tephritidae) in hills and Tarai.
 y Bemisia giffardi (Giffard’s whitefly) (Hemiptera: Sternorrhyncha: Aleyrodidae) in hills.
 y Diaphorina citri (Asian citrus psyllid) (Hemiptera: Sternorrhyncha: Liviidae) in hills and 

Tarai.
 y Eriophyes sp. (blister mite) (Acari: Eriophydae) in hills.
 y Icerya purchase Maskell (cottony cushion scale) (Hemiptera: Sternorrhyncha: 

Monophlebidae) in hills and Tarai (Not yet reported in Nepal; doubtful inclusion in the 
national citrus pest list).

 y Indarbela sp. (bark eating caterpillar) (Lepidoptera: Cossidae) in hills and Tarai.
 y Planococcus citri (Risso) (citrus mealybug) (Hemiptera: Sternorrhyncha: Pseudococcidae) 

in hills and Tarai.
 y Panonychus citri (McGregor) (citrus red mite) (Acari: Tetranychidae) in hills.
 y Papilio demoleus (chequered swallowtail) (Lepidoptera: Papilionidae) in hills and Tarai.
 y Phyllocnistis citrella (Lepidoptera: Gracillaridae) in hills and Tarai.
 y Stromatium barbatum (Fabricius) (kulki teak borer) (Coleoptera: Cerambycidae) in hills.
 y Tetranychus sp. (red spider mite) (Acari: Tetranychidae) in hills.
 y Toxoptera aurantii Black citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae) in hills 

and Tarai.
 y Toxoptera citicidus (Black citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae) in hills 

and Tarai.
 y Zeugodacus cucurbitae [Bactrocera cucurbitae] (melon fly) (Diptera: Tephritidae) in hills 

and Tarai.

Important insects in context to citrus decline in the country
Bactrocera minax (Chinese citrus fly): 

Bactrocera minax (Chinese citrus fly) (then identified as Bactrocera sp. prob. tsuneonis Miyake) 
(Joshi, 2019; Paudyal et al., 2016) was collected for the first time in Helambu, Sindhupalchok 
district in orange in December 1984 (collector: P.D. Shrestha) (Joshi and Manandhar, 2001). 
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Later, in 1989, it was reported from Bhojpur citrus orchards during Special Programme on Fruit 
Fly Control conducted from National Entomology Research Centre (then Entomology Division), 
National Agriculture Research and Service Centre, Khumaltar, Lalitpur, Nepal (Annual Report, 
1988-89). B. minax, first observed in the eastern citrus orchards, particularly in sweet orange 
fruits (Citrus sinensis), has extended its invasion to 20 citrus districts, namely Taplejung, 
Terhathum, Sankhuwasabha, Dhankuta, Bhojpur, Khotang, Solulhumbu, Okhaldhunga, Sndhuli, 
Ramechhap, Dolakha, Kavrepalanchok, Sindhupalchok, Lamjung, Syangjya, Parbat, Banglung, 
Gulmi, Myagdi and Arghakhanchi. B. minax is reported in sweet orange fruits from citrus 
orchards of Sindhuli district (Adhikari and Joshi, 2018). The bioecology of this notorious fruit 
fly along with its area-wide management are produced for the benefit of sweet orange growers in 
the country (Adhikari et al;, 2022). B. minax larval and pupal desiccation and water immersion 
survival (Bhandari et al., 2021a); biology and its population density studies (Bhandari et al., 
2021b) and an efficacy test of protein bait against the  Chinese citrus fly (Bhandari et al., 2021c) 
were conducted in National Citrus Research Programme, Paripatle, Dhankuta. National Plant 
Protection Organisation-Nepal (NPPO-Nepal) has developed a Survey protocol for the B. minax 
survey regulation in the country (NPPO-Nepal, 2023).

Recently, a detail study on B. minax in sweet orange host has been conducted in its different 
biological aspects, namely oviposition period (Adhikari et al., 2023a), morphometrics (Adhikari 
et al., 2022a), farmer’s perception (Adhikari et al., 2022b), diapause (Adhikari et al., 2021), 
orange losses (Adhikari et al., 2020a), degree days (Adhikari, 2023), biological observations 
(Adhikari et al., 2023b), invasiveness (Adhikari et al., 2022c), molecular identification 
(Adhikari et al., 2022d),fruit fly biodiversity (Adhikari et al., 2022c) and fruit fly management 
based on Area-Wide Control Management (AWCP) (Adhikari et al., 2021ab; Adhikari et al., 
2020b), B. minax research profile in Nepal is documented in a review effort (Adhikari et al., 
2022e). AWCP against B. minax proved a better option to manage this frugivoruos fruit fly in 
the sweet orange orchards in Sindhuli district, Nepal. The mean sweet orange fruit losses due 
to B. minax, Chinese citrus fly, reduced drastically from 56.7 ± 6.4% in 2017 to 10.9 ± 2.1% 
(2018) and 4.5 ± 0.6% (2019) (Adhakari et al., 2021c; Adhakari et al., 2020ab).

South-east China is the home-land of B. minax, and, very likely, this Chinese citrus fly has 
entered in the eastern citrus orchards in course of its natural travelling from China to Nepal 
through the aerial pathway from Bhutan to Sikkim to Nepal (Joshi, 2019).

Diaphorina citri (Asian citrus psyllid):
Thrower (1968), in 1967, authentically reported the citrus decline in Nepal, and the cause of 
this citrus decline in Pokhara valley was ascertained due to greening virus (now incriminated 
as bacteria, Candidatus liberibacter asiaticus) vectoring of Diaphorina citri (Asian citrus 
psyllid, ACP) (Catling, 1968). Catling (1968) disclosed that Huanglongbing (HLB) (= citrus 
greening) affected propagative materials were introduced into Pokhara from Saharanpur, UP, 
India that made a havoc in the local citrus cultivation. Knorr et al. (1970) reported HLB in 
some localities at Central and East Nepal including Pokhara. The population dynamics of 
ACP, D. citri, in the western hills of Nepal is studied. The monitoring revealed the highest 
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ACP population in spring and before rainy season in low altitude areas (< 1000 masl), and 
high population in high altitude areas (> 1000 masl) during rainy season (day temperature 
higher or equal to 20 0C) (Manandhar et al., 2001). Monitoring at Yampaphant (450 m), Lohi 
(650 m), Bandipur (1050 m) (Tanahun), Malepatan (850 m), Hemja (1,050 m), Agricultural 
Research Station, Lumle (1,450 m) (Kaski) and Bhakimli (1,300 m) (Myagdi) revealed D. 
citri presence even at an altitude of 1,300 m. Presence of D. citri at Bandipur and Bhakimli 
(> 1000 m) indicated a need for reformulating the altitude for citrus nursery establishment 
(Manandhar et al., 2004). A survey on the status of ACP during the spring flush of 1986 in 
19 districts and Pokhara and Kathmandu revealed the freedom of ACP only in Dhankuta, 
Gorkha and Lamjung districts (Lama et al., 1988). Otake (1990) reported HLB presence in 
sweet orange trees in Sindhulimadi, Sindhuli district but absence of its vector, ACP. But the 
ACP status in the citrus orchards in Sindhuli seemed changed in a period of two decades citrus 
husbandary as a recent ACP survey in April 2022 in the sweet orange orchards revealed the 
presence of ACP in four orchards of Golanjor-3, Sindhuli (Dhakal et al., 2022).

Natural control (agents = parasitoids) of D. citri in citrus plants was observed in the eastern 
Terai, Nepal. The survey during the spring flush in 1986 revealed two parasitoids of D. citri, 
namely Tamarixia radiata (Waterston) (=Tetrastichous radiates) (Hymenoptera: Eulophidae) 
and Diaphorencyrtus aligarhensis (Shafee, Alam and Agarwal) (Hymenoptera: Encyrtidae) from 
Siraha and Morang districts (Lama et al., 1988; RONAST, 1988; Regmi, 1990). Lady beetles 
(Coleoptera: Coccinellidae), Chilochorus nigritus, Coccinella 7-punctata, Coelophora nepalensis, 
Jauravia quafrinotata, Leis 15-maculata, and Menochilas sexmaculatus were observed predating 
nymphs of D. citri in Pokhara. An aggressive attack of Chilochorus nigritus was observed on 2nd 
to 4th instar nymphs of D. citri (RONAST, 1988; Regmi, 1990; KC et al., 2018).

Rhynchocoris poseidon (=R. humeralis) (Spined fruit bug): 
Rhynchocoris poseidon (= R. humeralis) (spined fruit bug) (Hemiptera: Heteroptera: Pentatomidae) 
is reported from the Pokhara valley in citrus orchards in 1971 (Knorr and Shah, 1971; Rana and 
Sharma, 1967). Its life-cycle and behavior was studied in laboratory and in the citrus orchard at 
Hemja, Kaski district (Manandhar et al., 2002). Survey revealed Anastatus sp., Trissolcus latisculus 
and Ooencyrtus utithesae being naturally occurring egg parasitoids of R. poseidon  (Manadhar, 
2002; Pandey and Rana, 1992; Pandey et al., 1997). Mandarin orange production constraints 
detection survey in the western hills of Nepal revealed R. poseidon  being a serious problem of 
mandarin orange fruit drops in Syangja (900-1000 m), Kaski (900-1100 m), Tanahun (500-850 m), 
Gorkha (700-1130 m) and Lamjung (850-1050 m) districts. (Budathoki and Pradhanang, 1992). 

Toxoptera citricidus (Brown citrus aphid):
Widespread aphid in Nepal, Toxoptera citricidus, is the most efficient closterovirus vector to 
cause tristeza disease in the citrus plants (Knorr and Shah, 2071). T. citricidus is a common aphid 
species in citrus plants cultivated in the hill and Terai regions of Nepal (Neupane, 1995). This 
aphid was reported in orange in Nepal as early as in 1960 from Kathmandu, and later, in 1961, it 
was reported from Dhankuta in the eastern hilly region of Nepal (Joshi and Manandhar, 2001).
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Fruit piercing moth in citrus fruits
Eudocima phalonia (Linnaeus) (=Othreis fullonia):

Eudocima phalonia (Linnaeus) (Lepidoptera: Noctuidae) (= Othreis fullonia) was reported in 
1968 from Godavari, Lalitpur, Nepal (Joshi and Manandhar, 2001). Banziger (1987) reported 
it from Phulchoki (2100 m) near Godavari, Lalitpur. E. phalonia is a serious widespread fruit 
piercing moth in citrus fruits that occurs from an altitude range from 450 (Godok, Mechi) to 
3540 m (Dhungeni, Rolwaling Himal in Nepal (Haruta, 1994). Recently, in 2023, its outbreak 
followed with massive sweet orange droppings was observed in the citrus orchards in Sindhuli 
district, Nepal (Muniappan, 2024).

Bactrocera dorsalis: 
Bactrocera dorsalis (=old name: Dacus dorsalis (misspelt) was observed to drop 29.8% 
mandarin orange fruits in October 1992 in Sigana (1750 m) Baglung (Pandey et al., 1993). 
Mandarin orange fruits losses incurred of B. dorsalis in the command areas of Lumle Regional 
Agricultural Research Centre, Lumle was observed as high as 66% (Pandey et al., 1995). 
Gulmi citrus orchards observation, 22-24 October 2019,  revealed B. minax less preferred to 
mandarin orange (1-2% infested) in presence of lemons (85-90% infested) and sweet oranges 
(80-85% infested) (Adhikari, 2019). Citrus farmers in command areas of the Citrus zone of 
Jajarkot district experienced 0-100% damages of mandarin oranges incurred of fruit flies; 
44% of the farmers asserted the losses ranged to 50-75%. Fruit fly monitoring using male 
lures, methyl eugenol and cue-lure, and protein hydrolysate [Great fruit fly bait (25% protein 
hydrolysate and 0.1% abamectin)] revealed a risk of Bactrocera nigrofemoralis, Zeugodacus 
tau, Zeugodacus scutellaris and Bactrocera dorsalis to mandarin orange in the Jajarkot Citrus 
Zone. Fruit fly monitoring further suggested an initiation of fruit fly management before May 
in these mandarin orange areas (Parajuli et al., 2023). Mandarin orange fruit droppings due to 
fruit flies in Khoku, Saule, Sanne and Chungmang, Dhankuta district in 2019 and 2020 were 
remarkably high (3 to 4 scales among 1-5 rating scale) while severely fruit droppings in scale 
of 5, 5, 4 and 4 in Khoku, Saule, Sanne and Chungmang, respectively, incriminated of spinned 
fruit bug (citrus green stink bug) (R. poseidon) (Pun et al., 2021).

Insect vectored citrus diseases 
Citrus Huanglongbing (HLB) (Citrus greening) and Citrus Tristeza Virus are two insect 
vectored citrus diseases in Nepal (Thrower, 1968; Catling, 1968; Knorr and Shah, 1971). 

Asian citrus psyllid, Diaphorina citri and Huanglongbing (HLB) (Citrus greening) :

The Asian citrus psyllid,  Diaphorina citri, efficiently vectors a phloem-limited α-proteobacterium 
‘Candidatus Liberibacter asiaticus’ in citrus plants that gives rise to huanglongbing or citrus 
greening (Aubert, 1987; da Grac¸ a, 1991; Halbert and Manjunath, 2004; Weinert et al., 2004).

Nepal experienced a sharp citrus decline in the Pokhara valley with unknown causes since 
1964 (Thrower, 1968), in 1967, authentically reported the citrus decline in Nepal, and the 
cause of this citrus decline in Pokhara valley was ascertained due to greening virus (now 



283
Oltxf;, lj1fg / k|ljlw History, Science and Technology in Nepal

Mandarin Orange :   g]kfnL ;'GtnfM

a bacteria) vectoring of Diaphorina citri (Catling, 1968). The scientific investigations with 
the Schwarz chromatographic technique indicated 53%, 43% and 59% citrus plants infected 
of greening virus, respectively, in west Nepal, the Kathmandu valley and the east Nepal. 
71% sweet orange, 51% mandarin oranges and 67% mandarin orange hybrids (Kinnow and 
Fewtrell’s Early) were sick of huanglongbing (then citrus greening). Rootstocks imported 
from Saharanpur, Utter Pradesh, India were confirmed to be the virus inoculants to Nepal 
citrus plants (Thrower, 1968). 

Citrus tristeza virus (CTV) aphids:

Knorr and Shah (1971) reported, for the first time, citrus tristeza virus in lime plants in the 
Pokhara valley, Nepal in 1971.

Ctrus tristeza virus problem is wide spreading in the citrus growing pockets of the West and 
Mid-West regions of the country with an indication of disease spreading rapidly from low (440 
m) to high (1350 m) altitude in the regions (Malla and Sah, 2001). 

Toxoptera citricida (Kirkaldy), Aphis gossypii Glover, Aphis spiraecola Pagenstecher, 
Toxoptera aurantii (Boyer de Fonsicolombe), Myzus persicae (Sulzer), and Aphis craccivora 
Koch are among the plant aphids in Nepal (Rana and Sharma, 1965; Sharma, 2060 BS), and 
these aphids frequently visit in citrus plants. These aphids transmit citrus tristeza virus (CTV) 
in citrus in a semi-persistent manner. CTV, a destructive pathogen of citrus, fetches quick 
decline of scions on sour orange rootstock and stem-pitting in plants (da Graca et al., 2007). 
T. citricida, T. aurantii, A. gossypii and A. spiraecola are found transmitting CTV in the citrus 
plant but the brown citrus aphid, T. citricidus is incriminated the most efficient vector of CTV 
(Lee et al., 1994). 

Citrus leprosis virus and mites:

The virus vectors, Brevipalpus californicus and B. obovatus, are present in the citrus orchards 
in Nepal which transmit citrus leprosies virus in other countries but not in Nepal (Knorr and 
Shah, 1971). In the present of context of high trafficking of import and export of agricultural 
commodities including citrus fruits, mite surveillance in citrus orchards is very essential 
to monitor the seasonal activities of these mites for the potential occurrences of the citrus 
leprosies on citrus fruits. Knorr and Shah (2071) observed B. obovatus mite on shaddock 
(pomelo) at Patan, Lalitpur but no leprosies symptom on fruits.

Insect pests reviewed by FAO Nepal, 2011 AD

FAO- Nepal (2011) dealt insect pests in course of citrus decline in Nepal are as followed:

 y Diaphorina citri (Asian citrus psyllid) (Hemiptera: Sternorrhyncha: Liviidae)

 y Phyllocnistis citrella (citrus leaf miner) (Lepidoptera: Gracillaridae)

 y Scirtothrips dorsalis Hood, 1919. (chilli thrips) (Thysanoptera: Thripidae) 

 y Toxoptera citricidus (brown citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae)
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 y Chinavia hilaris Say, 1832. (= Acrosternum hilare) (green stink bug) (Hemiptera: 
Heteroptera: Pentatomidae). Remark: Chinavia hilaris is not present in the south Asia 
except Pakistan. This bug is found, mainly, in North America (PcPherson, 1982). Its 
presence in Nepal is an erroneous statement.

 y Chelidonium argentatum (Dalman) (= Chelidonium cinctum) (citrus trunk borer). It is 
present in South India only (Kannan, 1928). Remark: Chelidonium argentatum is not 
present in Nepal.

 y Aonidiella aurantii (red scale) (Hemiptera: Sternorrhyncha: Diaspididae)

 y Lepidosaphes beckii (purple scale) (Hemiptera: Sternorrhyncha: Diaspididae)

 y Icerya purchase (cottony cushion scale) (Hemiptera: Sternorrhyncha: Monophlebidae) 
(Not yet reported in Nepal; doubtful inclusion in the citrus pest list).

 y Planococcus citri (Risso, 1813) (citrus mealybug) (Hemiptera: Sternorrhyncha: 
Pseudococcidae)

 y Bactrocera dorsalis (Oriental fruit fly) (Diptera: Tephritidae)

Regional citrus insect pests investigations 
Citrus fruit pests and management practices was reported from Tapli Rural Municipality, 
Udaypur district, Nepal (Thakuri, 2023). Paudel et al. (2022) reported the causes of citrus 
decline and its management practices adopted in Myagdi district, Nepal. Similarly, Panth and 
Dhakal, (2019) pointed out the determinants of mandarin orange productivity and causes of 
citrus decline in Parbat District, Nepal. Acharya et al. (2011) narrated the improving citrus 
production in Dailkeh. Awasthi (2021) observed the insect pests of citrus fruits in Kailali and 
suggested their management practices, Similarly, Chhetri et al. (2021) reported the perception 
of the Gulmi farmers on the incidence of insect pests on mandarin orange and management 
practices applied in their orchards. KC (2023) observed insect species associated with mandarin 
orange and suggested pest management practices in Sigana, Baglung.

Inventory of citrus insect and mite pests of Nepal
Taking considerations of the lists of the citrus insect and mite pests reported in Nepal (Knorr 
and Shah, 1971; Neupane, 1995; Joshi, 2005; Joshi, 2010-11; FAO-Nepal, 2011), an updated 
citrus insect pest inventory is followed. The inventory (n = 80 citrus pests) included 73 species 
of insects and 7 species of mites in Citrus spp in Nepal. 

Insects (n = 73)
 y Agonischius sp. (Coleoptera: Elateridae) (Knorr, and Shah, 1971).
 y Agrilus sp. (jewel beetle) (Coleoptera: Buprestidae) (Joshi, 2010-11).
 y Aleurocanthus woglumi (citrus blackfly) (Hemiptera: Sternorrhyncha: Aleyrodidae) 

(Joshi, 2010-11; Knorr, and Shah, 1971).
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 y Aonidiella aurantii (red scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Joshi, 2010-11; 
Knorr, and Shah, 1971; Neupane, 1995; FAO-Nepal, 2011).

 y Aonidiella citrina (yellow scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Joshi, 2010-11).
 y Aonidiella orientalis (oriental red scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Joshi, 

2010-11).
 y Aphis craccivora (groundnut aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 

2010-11).
 y Aphis fabae (black bean aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 2010-11).
 y Aphis gossypii (cotton aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 2010-11).
 y Aphis spiraecola(green citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 2010-11).
 y Argina astrea Drury (= Argina cribraria) (Lepidoptera: Arctiidae) (Knorr, and Shah, 1971).
 y Aspidiotus destructor (coconut scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Joshi, 

2010-11:  Neupane, 1995; Knorr, and Shah, 1971).
 y Atherigona orientalis (pepper fruit fly)(Diptera: Muscidae) (Joshi, 2010-11).
 y Attacus atlas (atlas moth) (Lepidoptera: Saturniidae) (Joshi, 2010-11).
 y Bactrocera dorsalis (Oriental fruit fly) (Diptera: Tephritidae) (Joshi, 2010-11; FAO-Nepal, 

2011; Neupane, 1995).
 y Bactrocera dorsalis (species complex) (Diptera: Tephritidae) (Joshi, 2010-11).
 y Bactrocera minax (Chinese citrus fly) (Diptera: Tephritidae) (Joshi, 2010-11).
 y Bactrocera zonata (peach fruit fly) (Neupane, 1995).
 y Bemisia giffardi (Kotinsky) (Hemiptera: Sternorrhyncha: Aleyrodidae) (Neupane, 1995; 

Knorr, and Shah, 1971; Rana and Sharma, 1967).
 y Cassida sp. (tortoise beetle) (Coleoptera: Chrysomelidae) (Joshi, 2010-11; (Knorr, and 

Shah, 1971).
 y Ceroplastes japonicas (tortoise wax scale) (Hemiptera: Sternorrhyncha: Coccidae) (Joshi, 2010-11).
 y Chaetanaphothrips orchidii (anthurium thrips) (Thysanoptera: Thripidae) (Joshi, 2010-11).
 y Chrysodeixis acuta (tomato semi-looper) (Lepidoptera: Noctuidae) (Joshi, 2010-11).
 y Coccus hesperidum (brown soft scale) (Hemiptera: Sternorrhyncha: Coccidae) (Joshi, 

2010-11: Knorr, and Shah, 1971; Rana and Sharma, 1965; Rana and Sharma, 1967).
 y Colasposoma semicostatum Jacoby (Coleoptera: Chrysomelidae) (Knorr, and Shah, 1971).
 y Dalpada sp. (Hemiptera: Heteroptera: Pentatomidae) (Knorr, and Shah, 1971).
 y Diaphorina citri (Asian citrus psyllid) (Hemiptera: Sternorrhyncha: Liviidae) (Joshi, 

2010-11: Knorr, and Shah, 1971; FAO-Nepal, 2011; Neupane, 1995).
 y Diaspidiotus perniciosus (San Jose scale) (Hemiptera: Sternorrhyncha: Diaspididae) 

(Joshi, 2010-11).
 y Dysdercus evanescens Distant (Hemiptera: Heteroptera: Pyrrhocoridae) (Knorr, and Shah, 

1971).
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 y Eriophyes sp. (blister mite) (Acari: Eriophydae) (Neupane, 1995).
 y Eudocima phalonia (Linnaeus) (fruit-piercing moth) (Lepidoptera: Erebidae) (= Othreis 

fullonia) (Joshi, 2010-11).
 y Euproctis xanthorrhoea (= Euproctis chrysorrhoea) (brown-tail moth) (Lepidoptera: 

Erebidae) (Joshi, 2010-11; Knorr, and Shah, 1971).
 y Fiorinia theae Green (camellia scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Knorr, 

and Shah, 1971).
 y Glycyphana horsfieldi (Hope) (flower chafer) (Coleoptera: Scarabaeidae) (Knorr, and 

Shah, 1971).
 y Helicoverpa armigera (cotton bollworm) (Lepidoptera: Noctuidae) (Joshi, 2010-11).
 y Heliothrips haemorrhoidalis (black glasshouse thrips) (Thysanoptera: Thripidae) (Joshi, 

2010-11).
 y Hemaspidoproctus cinereus (Green) (Hemiptera: Sternorrhyncha: Monophlebidae) 

(Knorr, and Shah, 1971).
 y Hemiberlesia rapax Comstock) (greedy scale (USA)) (Knorr, and Shah, 1971).
 y Icerya purchase (cottony cushion scale) (Hemiptera: Sternorrhyncha: Monophlebidae) 

(Neupane, 1995) (Not yet reported in Nepal; doubtful inclusion in the inventory).
 y Icerya seychellarum (Seychelles scale) (Hemiptera: Sternorrhyncha: Monophlebidae) 

(Joshi, 2010-11; Knorr, and Shah, 1971).
 y Indarbela sp. (bark eating caterpillar) (Lepidoptera: Cossidae) (Neupane, 1995).
 y Lepidosaphes beckii (purple scale) (Hemiptera: Sternorrhyncha: Diaspididae) (Joshi, 

2010-11; Knorr, and Shah, 1971; FAO-Nepal, 2011).
 y Maconellicoccus hirsutus (pink hibiscus mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae) (Joshi, 2010-11).
 y Myzus persicae (green peach aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 

2010-11).
 y Nezara viridula (green stink bug) (Hemiptera: Heteroptera: Pentatomidae) (Joshi, 2010-

11).
 y Nipaecoccus viridis (spherical mealybug) (=Nipaecoccus vastator) (Hemiptera: 

Sternorrhyncha: Pseudococcidae) (Joshi, 2010-11: Knorr, and Shah, 1971; Rana and 
Sharma, 1965; Rana and Sharma, 1967).

 y Oberea butangensis (citrus stem borer) (Coleoptera: Cerambycidae) (Joshi, 2010-11).
 y Otinotus oneratus (Walker) (cow bug) (Hemiptera: Heteroptera: Membracidae) (Knorr, 

and Shah, 1971).
 y Oxycetonia jucunda Faldermann (citrus flower chafer) (Coleoptera: Scarabaeidae) (Joshi, 

2010-11; Knorr, and Shah, 1971).
 y Oxyrachis sp. (treehopper, cow bug) (Hemiptera: Heteroptera: Membracidae) (Knorr, and 

Shah, 1971).
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 y Papilio (= Menelaides) nephelus chaon (Yellow helen) (Lepidoptera: Papilionidae) (Joshi, 
2010-11).

 y Papilio (= Menelaides) helenus helenus (Red helen) (Lepidoptera: Papilionidae) (Joshi, 
2010-11).

 y Papilio (=Menelaides) polytes romulus (common mormon) (Lepidoptera: Papilionidae) 
(Joshi, 2010-11; Knorr, and Shah, 1971).

 y Papilio demoleus (chequered swallowtail) (Lepidoptera: Papilionidae) (Joshi, 2010-11; 
Knorr, and Shah, 1971; Neupane, 1995).

 y Papilio demoleus demoleus Linnaeus (Lime swallowtail) (Lepidoptera: Papilionidae) 
(Joshi, 2010-11).

 y Papilio machaon rinpoche (Common yellow swallowtail) (Lepidoptera: Papilionidae) 
(Joshi, 2010-11; Knorr, and Shah, 1971).

 y Parasa lepida (nettle caterpillar) (Lepidoptera: Limacodidae) (Joshi, 2010-11).
 y Parasaissetia nigra (Nietner) (black coffee scale) (Hemiptera: Sternorrhyncha: Coccidae) 

(Joshi, 2010-11).
 y Phyllocnistis citrella (citrus leaf miner) (Lepidoptera: Gracillaridae) (Joshi, 2010-11; 

Knorr, and Shah, 1971; FAO-Nepal, 2011; Neupane, 1995).
 y Planococcus citri (Risso, 1813) (citrus mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae) (FAO-Nepal, 2011; FAO-Nepal, 2011; Neupane, 1995).
 y Pseudococcus cryptus (citriculus mealybug) (= Pseudococcus citriculus) (Hemiptera: 

Sternorrhyncha: Pseudococcidae) (Joshi, 2010-11; Knorr, and Shah, 1971).
 y Pulvinaria psidii (green shield scale) (Hemiptera: Sternorrhyncha: Coccidae) (Joshi, 

2010-11).
 y Rhopalosiphum maidis (green corn aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 

2010-11; Knorr, and Shah, 1971).
 y Rhynchocoris poseidon (= R. humeralis) (spined fruit bug) (Hemiptera: Heteroptera: 

Pentatomidae) (Joshi, 2010-11: Knorr, and Shah, 1971: Manandhar, 2002; Manandhar et 
al., 2003; Pandey and Rana, 1992).

 y Saissetia coffeae (brown coffee scale) (Hemiptera: Sternorrhyncha: Coccidae) (Joshi, 
2010-11: Knorr, and Shah, 1971).

 y Scirtothrips dorsalis Hood, 1919. (chilli thrips) (Thysanoptera: Thripidae) (FAO-Nepal, 
2011; Subedi, 2012; FAO-Nepal, 2011).

 y Spodoptera litura (armyworm) (Lepidoptera: Noctuidae) (Joshi, 2010-11).
 y Stromatium barbatum (kulki teak borer) (Coleoptera: Cerambycidae) (Neupane, 1995).
 y Thaumastopeus pullus (Billberg) (black rose chafer) (Coleoptera: Scarabaeidae) (Knorr, 

and Shah, 1971).
 y Thrips flavus (apple blossom thrips) (Thysanoptera: Thripidae) (Joshi, 2010-11).
 y Toxoptera aurantii (Black citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 
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2010-11; Knorr, and Shah, 1971; Neupane, 1995).
 y Toxoptera citricidus (brown citrus aphid) (Hemiptera: Sternorrhyncha: Aphididae) (Joshi, 

2010-11; Knorr, and Shah, 1971; FAO-Nepal, 2011; Neupane, 1995).
 y Zeugodacus cucurbitae [Bactrocera cucurbitae ] (melon fly) (Diptera: Tephritidae) (Joshi, 

2010-11; Neupane, 1995).

Mites (n = 7)
 y Brevipalpus californicus (Banks) (citrus flat mite) (Tenuipalpidae) (Knorr, and Shah, 1971).
 y Brevipalpus obovatus Donnadieu (scarlet tea mite) (Tenuipalpidae) (Knorr and Shah, 2071).
 y Eutetranychus orientalis (Klein) (citrus brown mite) (Tetranychidae) (Knorr, and Shah, 

1971).
 y Eotetranychus sexmaculatus (Riley) (six-spotted spider mite) (Acari: Tetranychidae) 

(Joshi, 2010-11; Knorr, and Shah, 1971).
 y Panonychus citri (citrus red mite) (Acari: Tetranychidae) (Manson, 1963; Neupane, 1995).
 y Phyllocoptruta oleivora (Ashmead) (citrus rust mite) (Acari: Eriophyidae) (Knorr, and 

Shah, 1971).
 y Tetranychus sp. (red spider mite) (Acari: Tetranychidae) (Neupane, 1995).

Indian origin citrus insect and mite pests (n = 32)

Insect pests (n = 27)
1.  Adoretus versutus Harold (rose beetle) (Coleoptera: Scarabaeidae) (Nepal Gazette, 2071 

BS; Joshi, 2068 BS (2010-11)).
2.  Aleurodicus disperses Russell (whitefly) (Hemiptera: Sternorrhyncha: Aleyrodidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
3.  Araecerus fasciculatus (De Geer) (cocoa weevil) (Coleoptera: Anthribidae) (Nepal 

Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
4.  Bactrocera carambolae (Drew and Hancock) (carambola fruit fly) (Diptera: Tephritidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
5.  Bactrocera caryae Kapoor (Fruit fly) (Diptera: Tephritidae) (Nepal Gazette, 2071 BS; 

Joshi, 2068 BS (2010-11)).
6.  Ceroplastes ceriferus Fabricius Indian wax scale) (Hemiptera: Sternorrhyncha: Coccidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
7.  Ceroplastes floridensis Comstock (soft scale) (Hemiptera: Sternorrhyncha: Coccidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
8.  Ceroplastes rubens Maskell (pink wax scale) (Hemiptera: Sternorrhyncha: Coccidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
9.  Ceroplastes rusci (Linnaeus) (fig wax scale) (Hemiptera: Sternorrhyncha: Coccidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
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10. Chrysomphalus aonidum (Linnaeus) (circular scale) (Hemiptera: Sternorrhyncha: 
Diaspididae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

11.  Chrysomphalus dictyospermi (Morgan) (dictysopermum scale) (Hemiptera: 
Sternorrhyncha: Diaspididae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

12. Dysmicoccus brevipes (Cockereli) (pineapple mealybug) (Hemiptera: Sternorrhyncha: 
Pseudococcidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

13. Ferrisia virgata (Cockereli) (guava mealybug) (Hemiptera: Sternorrhyncha: 
Pseudococcidae).

14. Hemiberlesia lataniae Signoret (latania scale) (Hemiptera: Sternorrhyncha: Diaspididae) 
(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

15. Icerya aegyptiaca Douglas (breadfruit mealybug) (Hemiptera: Sternorrhyncha: 
Margarodidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

16. Icerya purchasi Maskell (cottony cushion scale) (Hemiptera: Sternorrhyncha: 
Margarodidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

17. Lepidosaphes gloverii Packard (glover scale) (Hemiptera: Sternorrhyncha: Margarodidae) 
(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

18. Lopholeucaspis japonica Cockerell (Japanese baton shaped scale) (Hemiptera: 
Sternorrhyncha: Diaspididae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

19. Parlatoria pergandii Comstock (chaff scale) (Hemiptera: Sternorrhyncha: Diaspididae) 
(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

20.  Parlatoria ziziphi (Lucas) (black parlatoria scale) (Hemiptera: Sternorrhyncha: 
Diaspididae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

21.  Parthenolecanium corni (Bouche) (European fruit lecanium) (Hemiptera: Sternorrhyncha: 
Coccidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

22. Pinnaspis strachani (Cooley) (lesser snow scale) (Hemiptera: Sternorrhyncha: 
Diaspididae).

Nakahara (1982) indicated P. strachani (lesser snow scale) presence in Nepal.
23. Planococcus lilacinus Cock (cacao mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
24.  Prays citri Milliere (citrus flower moth) (Lepidoptera: Yponomeutidae) (Nepal Gazette, 

2071 BS; Joshi, 2068 BS (2010-11)).
25.  Pseudococcus longispinus Targioni (long-tailed mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
26. Rastrococcus invadens Williams (mango mealybug) (Hemiptera: Sternorrhyncha: 

Pseudococcidae) (Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
27.  Saissetia oleae (Olivier) (black scale) (Hemiptera: Sternorrhyncha: Coccidae).
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Mites (n = 5)
28.  Brevipalpus phoenicis (Geijskes) (false spider mite) (Acari: Tenuipalpidae) (Nepal 

Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
29.  Panonychus citri McGregor (citrus red mite) (Acari: Tetranychidae) (Nepal Gazette, 2071 

BS; Joshi, 2068 BS (2010-11)).  Remark: Panonychus citri needs to be stepped-down 
from the quarantine pest list published in the Nepal Gazette (2071 BS) because this mite 
is reportedly present in Nepal (Manson, 1963; Neupane, 1995).

30. Phyllocoptruta oleivora (Ashmead) (citrus rust mite) (Acari: Eriophyidae) (Nepal 
Gazette, 2071 BS; Joshi, 2068 BS (2010-11)). Remark: Phyllocoptruta oleivora needs to 
be stepped-down from the quarantine pest list published in the Nepal Gazette (2071 BS) 
because this mite is reportedly present in Nepal (Knorr and Shah, 1971).

31.  Polyphagotarsonemus latus Banks (broad mite) (Acari: Tarsonemidae) (Nepal Gazette, 
2071 BS; Joshi, 2068 BS (2010-11)).

32.  Tetranychus urticae Koch (two-spotted spider mite) (Acari: Tetranychidae) (Nepal 
Gazette, 2071 BS; Joshi, 2068 BS (2010-11)). Remark: Tetranychus urticae needs to 
be stepped-down from the quarantine pest list published in the Nepal Gazette (2071 BS) 
because this mite is reportedly present in Nepal (Arimoto et al., 2013).

Bhutanese origin citrus insect pests (n = 3)
1.  Chrysomphalus aonidum (circular scale) (Hemiptera: Sternorrhyncha: Diaspididae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
2.  Parlatoria ziziphi (black parlatoria scale) (Hemiptera: Sternorrhyncha: Diaspididae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).
3.  Rastrococcus invadens (mango mealybug) (Hemiptera: Sternorrhyncha: Pseudococcidae) 

(Nepal Gazette, 2071 BS; Joshi, 2068 BS (2010-11)).

Survey protocols for the citrus pests
Recently, the first amended survey protocol for the citrus pests launched in 2023 (NPPO-
Nepal endorsed on 6 May 2013) which included survey protocol for fruit flies (NPPO-Nepal, 
2023a) and survey protocol for Asian citrus psyllid (NPPO-Nepal, 2023b). 

Quarantine context exotic citrus insect and mite pests to Nepal: Regulated quarantine insect and 
mite pests in citrus commodity for Nepal while the commodity imported to Nepal from India 

Phytosanitary citrus insect and mite pests to Nepal in dealing importation of citrus (Citrus 
spp.) fruits for local consumption in the country

Pest Risk Analysis (PRA) of citrus commodity (for consumption) conducted in 2068 BS 
(2010-11) in the country revealed 32 quarantine insect and mite pests (27 insect pests and 
5 mite pests) and only 3 citrus insect pests in dealing importation of the citrus commodity 
from India and Bhutan, respectively (Joshi, 2068 BS (2010-11). The PRA revealed quarantine 
insect and mite pests of Indian and Bhutan origins are followed.



291
Oltxf;, lj1fg / k|ljlw History, Science and Technology in Nepal

Mandarin Orange :   g]kfnL ;'GtnfM

Regulated quarantine insect and mite pests of citrus commodity in Nepal
The above mentioned PRA revealed quarantine citrus commodity insect and mite pests are 
lawfully regulated in the country with the proclamation of Nepal Gazette (2071 BS) in dealing 
the citrus commodity importation from other countries to Nepal. 

Time-bound corrections in regulated quarantine citrus insect and mite pests
Nepal Gazette (2071 BS) proclaimed regulated quarantine citrus commodity mites, 
Tetranychus urticae (Arimoto et al., 2013), Panonychus citri (Manson, 1963; Neupane, 1995) 
and Phyllocoptruta oleivora (citrus rust mite) (Acari: Eriophyidae) (Knorr and Shah, 1971) 
are found occurred in the country. These mites need to be stepped-down from the quarantine 
pest list published in the Nepal Gazette (2071 BS). 

Similarly, Nepal Gazette (2071 BS) proclaimed Pinnaspis strachani (lesser snow scale) needs to 
be stepped-down from the quarantine pest list as this insect is present in Nepal (Nakahara, 1982).

Chemical recommendation 

Management of citrus insect and mite pests in Nepal
National recommended synthetic chemical pesticides against citrus insect pests (AITC, 2080 
BS) are as follows:

•	 Swallow-tail citrus butterflies 
These citrus butterflies are managed treating citrus plant foliage with deltamethrin 28% EC 
(@ 2 ml/L water).

•	 Citrus leaf miner 
The citrus leaf miner, Phyllocnistis citrella, is managed treating new shoots of citrus plant 
foliage with deltamethrin 28% EC (@ 2 ml/L water) or 0.03 % dimethoate 30 EC or ATSO oil 
(@ 10 ml/L water). 

•	 Scale insects (armoured and soft scales)

Scale insects (armoured and soft scales) in shoots, stems and foliages of citrus plant are 
managed with the treatment of dimethoate 30 EC (@ 1 ml/L water) once each in the month of 
Falgun (February-March) and Chaitra (March-April) or ATSO oil (@ 10 ml/L water).

•	 Aphids

Aphids in citrus plant are managed treating foliages with dimethoate 30 EC (@ 1 ml/L water) 
before flowering.

•	 Asian citrus psyllid

The Asian citrus psyllid, Diaphorina citri, is managed treating the new citrus shoots with 
dimethoate 30 EC (@ 1 ml/L water).
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•	 Fruit flies (Bactrocera dorsalis, B. minax)

A.  dorsata: Apply lethal methyl eugenol along with malathion 50 EC.

B.  minax: Apply 50 ml as spot treatment of Great Fruit Fly Bait (protein hydrolysate (PH)) solution 
(PH 1 part in 3 parts water) in 05-1 sq m area underside of leaves of citrus tree (one among 3 
productive trees) (This is an awaited national recommendation) (Adhikari et al.,2022).

•	 Mealybug

Treatment of the citrus plant foliage along with stems with an aqueous solution of imidacloprid 
(@ 0.2 ml/L water).

Conclusion
General (2005/06) and specific surveillances (1967) along with Pest Risk Analysis (PRA) 
(2010/11) of citrus commodity conducted in the country helped to develop an inventory 
of 80 citrus pests (73 and 7 species of insects and  mites, respectively) in Nepal. PRA of 
citrus commodity in 2010/11 helped to generate an immediate national citrus pests inventory 
and, very specifically, decided 32 quarantine pests (27 and 5 species of insects and mites, 
respectively) of Indian origin and 3 insects of Bhutan origin for quarantine regulation in 
Nepal while the citrus commodity importation with an intention of planting materials and 
fruits for consumption in the nation. Nepal Gazette (2071 BS) required revisiting the regulated 
quarantine status of Pinnaspis strachani (lesser snow scale) and 3 mites, namely Tetranychus 
urticae (two-spotted spider mite), Panonychus citri (citrus red mite) and Phyllocoptruta 
oleivora (citrus rust mite) as they are reported existing in Nepal. In context of citrus decline 
in Nepal, Bactrocera minax (Chinese citrus fly) and Rhynchocoris poseidon (spined fruit bug) 
incriminated for fruit droppings, and  Diaphorina citri (Asian citrus psyllid), and Toxoptera 
citricidus (brown citrus aphid) vectored huanglongbing (citrus greening) and citrus tristeza 
virus disease, respectively. B. dorsalis and B. minax found to be two important frugivorous 
insect pests for mandarin orange (fruit losses as high as 66%) and sweet orange (fruit losses 
as high as 85%), respectively. Area-Wide Control Programme with a help of spot treatment 
of protein bait found to be the most efficient sweet orange management in orchards against 
B. minax which reduced the immediate fruit losses of 57% to 5% within the two consecutive 
sweet orange seasons in Sindhuli citrus orchards. A recent outbreak, in 2023, of fruit piercing 
moth, Eudocima phalonia (= Othreis fullonia), in the sweet orange orchards in Sindhuli 
reminded farmers to take care these moths in the coming citrus fruit seasons. 
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Abstract 

Mandarin orange (Citrus reticulata Blanco) is a highly nutritious sub-tropical fruit of genus 
Citrus in the Rutaceae Family. The climatic and geographical conditions of Nepal are suitable 
for citrus cultivation. However, the productivity of citrus in Nepal is very low compared to that 
of developed countries. Many citrus farms worldwide are affected by citrus greening disease 
also known as  Huanglongbing (HLB), causing citrus decline. HLB is a destructive vector-borne 
disease caused by a phloem-limited gram-negative bacteria of α-proteobacteria subdivision 
Candidatus liberibacter spp. In this research, a total of 95 mandarin orange leaf samples collected 
from Gorkha, Lamjung and Dolakha districts were used for Candidatous liberibacter asiaticus 
detection using leaf mid vein sample using Prokaryotic rpl operon DNA amplification with the 
help of PCR primer Las606/LSS. Among 95 samples analyzed, 28 showed positive result . All 
the mandarin orange leaf samples of the mother plants maintained inside the screenhouse of 
Warm Temperate Horticulture Centre, Kirtipur, were negative for HLB, confirming the HLB-free 
source for citrus propagation by grafting. However, 63% of samples tested from the screenhouse 
of Gorkha showed citrus greening, which could be associated with the plantation of uncertified 
plants, poor management of screen house and grafting of uncertified materials such as collecting 
scion from the infected mother plant. Similarly, all the tested samples of Lamjung and 63% of 
samples of Dolakha were positive for HLB. The appearance of disease may occur due to the 
movement of uncertified plants across the country. Therefore, immediate action should be taken 
to eliminate and control the spread of HLB to rejuvenate the mandarin orange orchards in Nepal.

Keywords: Citrus greening, Citrus decline, Molecular diagnosis, Citrus quarantine, Citrus bud-wood 
certification
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Introduction 
 Agro-climatic conditions of the mid-hill region of Nepal support the appropriate environment 
for citrus farming (Roistacher, 1996). The citrus farming has been widely practised in the range 
of 900-1400 m above sea level (ASL). For a long time, citrus farming has been practised for 
household consumption only. With the growing demand for citrus and transportation access, 
farmers are attracted to commercial farming. More than 14 species of citrus are reported, and 
mandarin orange (Citrus reticulata Blanco) is Nepal’s most important indigenous fruit crop. 
According to the Department of Agriculture, Nepal 2021, during 2005-2006, citrus cultivation 
occupied 26681 hectares (ha) of land with a total annual production of 164075 metric tons 
(mt), giving an average productivity of 10.86 mt/ha. In 2008- 2009, citrus cultivation occupied 
32322 ha of land with a total annual production of 253766 mt, giving an average production of 
11.29 mt/ha (MoALD, 2009). Unfortunately, in 2010-11, citrus productivity declined to 11.17 
(MoALD, 2011).  This decline in productivity continued and became 9.47 mt/ha in 2021-22 
and 2021-22. Nepal imported 1529472 kg of citrus fruits (fresh or dried), which cost NPR 
67642000 (MoALD, 2022). Mandarin orange is Nepal’s most favoured citrus fruit; however, 
the current production is insufficient to meet the market demand. In addition, farmers are in 
frustration due to the problem of citrus production decline. 

HLB is a destructive vector-borne disease caused by a phloem-limited gram-negative bacteria 
of α-proteobacteria subdivision Candidatus liberibacter spp (Garnier and  Bove, 1983). This 
disease is one of the severe problems in citrus fruit production worldwide, including Nepal. 
HLB has destroyed a large number of citrus trees in Asia and Africa. Three species of C. 
liberibacter are identified as key pathogens to citrus plants. They are- Candidatus liberibacter 
africanus (CLaf), known as the African strain, and African citrus psyllid (Trioza erytreae), the 
vector. This strain is heat sensitive and found at higher elevations (900 m above sea level, asl). 
Candidatus liberibacter asiaticus (CLas), known as the Asian strain, is vectored by Diaphorina 
citri (Kuwayama). This strain is more severe, heat tolerant and found at lower elevations (360 
m above sea level), and higher temperatures (30-35°C). Candidatus liberibacter americanus 
(CLam), known as the American strain is also transmitted by D. citri. This strain is heat-
tolerant (Martinez and Wallace,1967; McClean and Oberholzer, 1965; Regmi and Lama 
1988). HLB is also transmitted by dodder (Cuscuta spp., Cuscutaceae) to non-rutaceous plants 
such as Catharanthus roseus L. G. Don (Periwinkle- apocynaceae) and Nicotianato bacum 
L. Cv. ‘Xanthii’ (tobacco, Solanaceae). Las can multiply and spread within infected Cuscuta 
ceanothi Behr (Syn. Cu. Subinclusa Dur, and Hilg.), Cuscutacam pestris and Cu. australis 
(Garnier, 2000). 

The HLB disease obstructs the flow of nutrients in infected citrus trees. It spreads very fast, 
destroying healthy and well-managed orchards after infection. Early diagnosis of the disease is 
a critical step towards applying efficient eradication, vector control measures, and a measure to 
preserve citrus germplasm collection (Tamot and Gresshoff, 1999). HLB control is preventive 
and largely based on inoculum elimination by removal of infected trees and chemical treatments 
against vectors (Bove, 2006). Accurate, rapid and robust detection methodologies are needed 
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for regulatory response and effective management of HLB by detecting and removing infected 
trees and developing a Candidatus liberibacter-free nursery system.

In Nepal, most of the citrus saplings are 
produced by the grafting method, and to 
produce healthy saplings confirmation 
of the healthy mother plant is essential. 
Moreover, it is equally important to 
monitor the status of citrus trees in the 
field before introducing certified citrus 
plants. Molecular-based diagnosis of citrus 
greening is an effective technique to confirm 
the disease in the field and screenhouse 
plants. For the diagnosis of HLB, currently, 
two molecular methods have been used:  

conventional Polymerase Chain Reaction (PCR) and real-time PCR (RT-PCR), also known as 
quantitative PCR (qPCR) that are based on the use of PCR primers that amplify DNA sequences 
of the Liberibacters associated with HLB (Bove 2006). Conventional PCR-based diagnosis is 
an economical and effective technique to diagnose large samples for effective monitoring and 
reintroducing certified citrus plants. Therefore, the main objective of this study is to investigate 
the current status of Candidatus liberibacter asiaticus associated with mandarin orange (Citrus 
reticulata Blanco) decline in open orchards and screenhouse samples of various places of Nepal. 

Materials and method
Study sites
A total of  95 mandarin orange leaf samples were collected from September-October of 2023 
from three different districts of Nepal (Figure.1). Samples from the same collection sites were 
evaluated for HLB by Oliya (2014). 

HLB symptoms
The HLB symptoms may appear in the leaf, stem, root, and fruit.  The infection reveals itself first 
with the mottling of leaves, then stunting of shoots, gradual death of the branches and eventually 
small, deformed fruits with bitter juice. In the present study, the symptoms observed during 
field visits are the appearance of the yellow shoot and die back of the twig/tree, Small lopsided 
and sour tested fruit, vein yellowing and random chlorotic blotchy yellow pattern (“blotchy 
mottle.” on the leaf blade, reduced leaves,  and poorly developed root system. In addition to this, 
Diaphorina citri were observed in a severely infected tree that was collected from Lamjung.   

Sample collection and management
Fully expanded leaf samples from four directions of a single tree below the canopy were 
collected in a jip lock polybag, adequately tagged and transported to the Biotechnology Lab-

Figure 1. Map of Nepal showing study areas
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oratory of Warm Temperate Horticulture Centre (WTHC), Kirtipur in an ice box. Then, based 
on the laboratory’s sampling load, samples were further processed for DNA isolation or pre-
served in a normal freezer for 2-5 days. The leaf samples were cleaned with water, followed 
by 70% ethyl alcohol and wiped with clean tissue paper. 

DNA isolation 
DNA was isolated using the modified CTAB method mentioned in the Standard Operating 
Procedure for the HLB test (HLB#1) prepared by the Ministry of Agriculture and Livestock 
Development Nepal 2024 (MoALD, 2024). The quality of isolated DNA was evaluated using 
0.8% agarose gel stained with ethidium bromide.

PCR amplification 
PCR was amplified using forward primer Las606 5′-GGAGAGGTGAGTGGAATTCCG A-3′ and 
reverse primer-LSS 5′-ACCCAACATCTAGGTAAAAAC C-3′. A total of 15µl reaction volume, 
including 6.5 µl of 2X PCR master mix, 2 µl genomic DNA, 0.3 µl each of forward and reverse primer 
and the remaining nuclease-free water were used for the preparation of PCR reaction. The PCR 
reaction was carried as mentioned 
in the HLB SOP#1 (MoALD, 
2024). Briefly, the PCR reaction 
was prepared in 15µl final volume 
including of 1µl of DNA, 0.5µl 
each of forward and reverse primer, 
7µl of 2X PCR master mix, and the 
remaining volume of sterile nuclease-
free water. PCR programming was 
set as follows: initial hot start of 
50°C for 5 min followed by 35 cycles 
with denaturation at 94°C for 30-
sec, annealing temperature of 55°C 
for 1 min and extension at 72 °C for 
2 min and a final extension at 72 °C for 10 min. After that, the PCR product was run for positive 
and negative results in 2% Agarose gel.  Molecular work was performed at the Biotechnology 
Laboratory of the WTHC.

Results 
Among 95 mandarin orange leaf samples tested for HLB, 28 showed Las606/LSS positive 
(Figure.2,3). Among 58 mandarin orange leaf samples of Kathmandu, only one was positive. 

positive sample was of a grafted plant raised in an open orchard collected from Budanilkantha. 
A total of 53 mandarin oranges (43 from screen house raised mother plant and ten from the 
open field) of WTHC, Kirtipur, were tested, and no samples were positive for HLB. Among 19 

Figure 2. Total number of samples used and the sample 
showing HLB positive result
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mandarin orange leaf samples tested from the screen house nursery of Gorkha Municipality-3, 
Gorkha, 12 samples showed HLB-positive results (Figure 2). 

Similarly, ten samples that were collected from the open orchard of Rainas Municipality-9, 
Lamjung, were all positive for HLB. Among eight mandarin orange leaf samples tested for 
HLB from Kalinchowk-, Dolakha, five were positive for HLB. The positive samples provided 
an amplification band at 500 bp (Figure 3), and no bands were obtained with negative samples.

Figure 3. Agarose gel image of HLB-positive mandarin orange sample. L (Left: 50 bp DNA ladder, Right: 100 
bp DNA ladder), 1 to 28, HLB positive mandarin orange sample showing 500bp of Las606/LSS primer.

Discussions
Citrus greening is the most severe and devastating disease worldwide. It is one of the limiting 
factors for citrus fruit production in many countries around the world. However, few cases 
of successful eradication have been reported. The main reason for this failure may be that 
infected trees overlooked by inspectors become reservoirs for a second infection (Fujikawa 
et al.,  2013). To prevent this problem, a large and comprehensive survey is indispensable. 
Therefore, an effective and economical detection technique is required. The greening organism 
is transmitted by the vector Diaphorina citri in Asia, and transmission in the field is enhanced 
by strong wind due to the ability of the vector to move long distances (Khan et al., 2014). Due 
to the movement of bacteria inside the root and leaves, the phloem tissue of infected trees 
in this area is readily blocked, which hinders the transport of sugar, water, and nutrients in 
internal tissues, resulting in leaf fall, premature fruit drop, unequal fruit size, and eventually 
the death of the tree.  

Detection of HLB by PCR technology solely depends on the nucleic acid quality and purity of 
the causal organism that is extracted from the citrus leaves (mid vein). In this research, HLB 
was detected using a leaf mid-vein sample using Prokaryotic rpl operon DNA amplification 
with the help of PCR primer Las606/LSS.  A previous study by Li et al. (2006), reported 
that the largest bacterial titers were recorded in the petioles and mid-ribs of the leaf. The 
same bacterial populations were also observed in the peduncle, columella, and leaf midribs 
compared to seeds, young shoots, flower buds, flowers, and bark.  
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The primer set targeting 16S rDNA (OI1/OI2c 9 (Jagoueix, et al., 1994;  Jagoueix et al., 
1996), the nusG-rplK region, A2/J5 (Hocquellet et al., 1999) and MHO353/MHO354 (Hoy 
et al., 2001) are frequently used in conventional PCR for research and quarantine inspection. 
The primer set Las606/LSS was chosen because conventional PCR using this primer set has 
higher sensitivity reproducibility using even a small quantity of DNA (Fujikawa and Iwanami 
2012). In the current study, all the mandarin orange samples taken from the greenhouse of 
WTHC, Kirtipur, showed citrus greening negative results, suggesting that these mother plants 
are suitable for grafting. However, 63% of samples tested from the screenhouse nursery 
of Gorkha showed citrus greening, which could be associated with many reasons, such as 
plantation of uncertified plants, poor management of screen house and grafting of uncertified 
materials such as a collection of scion from the infected mother plant. Similarly, all the tested 
samples of Lamjung and 63% of samples of Dolakha were positive for citrus greening. In 
the previous study by Oliya (2014), nine samples (three mandarin orange samples each from 
Lamjung, Dolakha and Kathmandu tested for citrus greening using a 703bp long fragment of 
ribosomal protein genes (rpl-PCR) in the rplKAJL-rpOBC (β-operon) using primer A2 and J5 
(Hocquellet et al., 2000). During that time, all the samples of Lamjung and  Kathmandu were 
HLB positive; however, there was no HLB infection in the sample of Dolakha. The present 
study suggests the rapid spread and coverage of citrus orchards by citrus greening in Nepal. 

Conclusion
In this study, Candidatus liberibacter asiaticus were detected in mandarin orange samples 
using molecular technology with primer Las606/LSS. Diagnosis of HLB from screenhouse 
samples of Gorkha district has drawn critical attention and role of planting materials in spread 
of HLB.. Moreover, most of the trees in open orchards  also showed HLB infection. The 
appearance of disease may occur due to the huge movement of uncertified plants nationwide. 
Young plants are very prone to this disease; therefore, citrus nurseries should be built within 
vector-proof screen houses with certified material, and regular monitoring is essential. This 
disease is not effectively treated with pesticides. To the best of our knowledge, there is no 
practical method to cure this deadliest disease except to remove all the infected plants from 
the infected area to eliminate the spread of pathogens. Therefore, immediate action should be 
taken to control HLB and rejuvenate mandarin orange orchards in Nepal by using HLB free 
planting materials and appropriate managemenat of the vector in the new planting areas.
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Introduction
Citrus is one of the most important tree fruit crops in Nepal. The production of mandarin 
orange and sweet oranges provides nutritional and livelihood support to the people of 
mid-hill region (Adhikari & Rayamajhi, 2012). Citrus fruit loss due to the infestation 
of fruit fly maggots is one of the most common issues that citrus growers are facing. 
Different species of male fruit flies are trapped in  para-pheromone traps in the citrus 
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Abstract 

Fruit flies (Diptera: Tephritidae) have been reported as an important pest of fruits and fruit 
vegetables in many countries. This study was carried out to know the biodiversity of fruit fly 
species in the premises of sweet orange orchards in Sindhuli district, Nepal. Male fruit fly species 
were trapped and collected fortnightly using para-pheromone male lures (methyl eugenol and 
cue lure) in Steiner traps installed in 25 randomly selected citrus orchards from March 2019 
to February 2021. During the monitoring period, there was a significant variation in the fruit 
fly species occurrences. Fruit flies were encountered in higher numbers during warm and rainy 
months (June, July, August, September) than during dry and winter months (December, January, 
February). Methyl eugenol was highly effective lure that trapped higher number of fruit flies (37 
adults/fortnight) than the cue lure (16 adults/ fortnight) (t (48) = 4.75, p ≤ 0.0001). Bactrocera 
dorsalis (Hendel) (62.6%) and B. zonata (Saunders) (18.9%) were the dominant fruit fly species 
trapped in the methyl eugenol trap, whereas, Zeugodacus tau (Walker) (66.7%) was the most 
dominated species of fruit fly trapped in the cue lure trap. The Chinese citrus fly, Bactrocera 
minax (Enderlein), was the most damaging fruit fly species observed and experienced by farmers 
in the citrus orchards. This paper has also presented the morphological features of fruit fly species, 
namely B. dorsalis, B. zonata, Z. tau, Z. cucurbitae (Coquillett), Z. scutellaris (Bezzi) and Dacus 
longicornis Wiedemann to ease their field identifications.

Keywords: Abundance, Citrus, Diversity, Fruit fly, Para-pheromone
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orchard ecosystem in Nepal (Adhikari et al., 2020; Adhikari & Joshi, 2018; Adhikari 
et al., 2018; Sharma et al., 2015). These fruit flies, due to their wide climate tolerance, 
polyphagous nature, high reproductive potential, multi-voltine nature (excluding  
Bactrocera minax ), and high dispersal ability, pose a significant threat to the productions of 
fruits of tree and vegetable origins (Vasudha & Agarwal, 2019). Many fruit fly species are 
major pests around the world (Vargas et al., 2009; Canale & Benelli, 2012). The adult female 
fruit fly lays eggs in fruit, from which maggots emerge and feed on pulp (Han et al., 2011; 
Dhillon et al., 2005; Nardi et al., 2005). The fruit fly maggots feeding on pulp inside fruit 
initiate premature fruit drop, and thus the mature maggots pupate in soil (Van Schoubroeek, 
1999). Therefore, the fruit fly management is critical for the production of fruits and vegetables 
as well as their export industry (Badii et al., 2015). 

Despite the fact that the fruit flies are the most common agricultural insect pests in Nepal, their 
monitoring relies heavily on the use of para-pheromone male lures (methyl eugenol and cue 
lure) in traps. The fruit flies trapping involve catching both male and female insects in order 
to discover, monitor, and/or control pests in horticulture crops. Their surveillance using para-
pheromone lure traps has become a highly specialized and species effective pest management 
technology (IAEA, 2013). Understanding the population dynamics of the fruit fly species 
in the ecosystem is necessary for effective control of these flies (Nboyine et al., 2013). In 
an agro-ecosystems, biodiversity is usually measured by the number of organisms and their 
species. Ecological community diversity is measured inside each habitat and compared across 
habitats or landscapes (Stireman, 2008). Information on abundance and diversity of insect 
population is important to decide management tactics. This paper presents the biodiversity of 
fruit fly species trapped in para-pheromone lures (methyl eugenol and cue lure) in the premises 
of sweet orange orchards of Sindhuli district, Nepal. 

Materials and methods
Fruit fly monitoring, following the fruit fly surveillance protocol of National Plant Protection 
Organization (NPPO-Nepal), was conducted using fruit fly male lures originated from para-
pheromones, methyl eugenol (ME) (4-allyl-1,2-dimethoxybenzene-carboxylate), and cue-
lure (CL) [4-(p-acetoxyphenyl)-2-butanone] in Steiner traps placed in the randomly selected 
twenty-five sweet orange orchards of Sindhuli district (Table 1) from March 2019 to February 
2021. Five drops each of ME and CL, included with 10 drops malathion (Malathion 50 EC) 
in each were used in the Steiner traps to knock down the trapped flies. The Steiner traps were 
hanged in tree branches at a height of 2 m above the ground, with two traps (ME and CL) in a 
set each element separated by at least 5 m from each other, and 100 m distance between each 
trap set. Fruit flies were collected from the traps at fifteen days interval and, at the same time, 
the lures and malathion in cotton swabs were replaced. The morphological characteristics in 
thorax, wing and abdomen of a fruit fly were used to identify the trap collected fruit fly species 
with the help of a 20× pocket lens (20×-12mm, JEWELER’S LOUPE) at Plant Protection 
Laboratory of PMAMP, PIU, Golanjor-5, Khaniyakharka (latitude: 27017.145’ N, longitude: 
85058.675’ E, altitude: 1341 masl), Sindhuli.  Microsoft Excel 97-2003 worksheet was used to
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derive the descriptive statistics, mean, standard error of mean and fruit fly species composition 
in each trap. Student’s t-Test was used to compare an effectiveness of cue lure and methyl 
eugenol traps based on the mean numbers of trapped fruit flies. The fruit fly per trap per day 
(FTD) was calculated using the formula (IAEA, 2003),

Composition of the fruit fly species (%) was calculated as followed.

Where, 
Number of individuals in species i =  ni 
Total number of all species =  N.
Table 1.  Participated respondent orchard owners in the fruit fly monitoring in Sindhuli, Nepal

S N Name of citrus growers Location

GPS Coordinates
Altitude
 (masl)

Total area 
under 

citrus trees 
(productive 
area in ha) 

N
(North)

E
(East)

1 Netra Prasad Chaulagain Kamalamai-3, Jalkanya 27.29563 85.96041 1070 0.30 (0.08)

2 Narayan Prasad Phuyal Kamalamai-3, Jalkanya 27.29367 85.95831 1099 0.19 (0.07)

3 Danas Shrestha Kamalamai-3, Jalkanya 27.29228 85.96292 1060 0.27 (0.11)

4 Shambhu Bahadur Shrestha Kamalamai-3, Jalkanya 27.29056 85.96157 1072 0.39 (0.15)

5 Ramesh Kumar Barma Golanjor-5, Ratanchura 27.28552 85.98247 1191 2.57 (0.43)

6 Lal Bahadur Thapa Golanjor-5, Ratanchura 27.28370 85.98490 1200 1.76 (0.42)

7 Chuda Raj Sharma Golanjor-5, Ratanchura 27.28128 85.98277 1308 2.83 (0.33)

8 Gorakh Bahadur Ramtel Golanjor-5, Ratanchura 27.28505 85.98778 1185 1.17 (0.53)

9 Ameresh Basnet Golanjor-5, Chisapani 27.26646 85.99402 1146 2.50 (1.51)

10 Yogendra Thapa Golanjor-5, Chisapani 27.26404 85.99795 1151 2.99 (1.81)

11 Dipak Thapa Golanjor-5, Nayakharka 27.27035 86.00474 1118 2.48 (1.77)

12 Ram Bahadur Baral Golanjor-5, Nayakharka 27.27277 86.00376 1126 3.23 (0.73)

13 Kumar Hayu Golanjor-6, Nakajoli 27.26672 86.01379 1014 2.11 (1.35)

14 Rajan Prasad Koirala Golanjor-6, Nakajoli 27.26572 86.01612 1081 1.23 (1.06)

15 Durga Bahadur Asthani Golanjor-6, Nakajoli 27.26512 86.01612 1102 1.71 (1.60)

16 Hasta Bahadur Magar Golanjor-6, Nakajoli 27.26259 86.01579 1108 0.62 (0.16)
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S N Name of citrus growers Location

GPS Coordinates
Altitude
 (masl)

Total area 
under 

citrus trees 
(productive 
area in ha) 

N
(North)

E
(East)

17 Kul Bahadur Kingring Magar Golanjor-6, Nakajoli 27.26049 86.01344 1174 1.02 (0.40)

18 Surya Bahadur Aale Magar Golanjor-4, Tinkanya 27.23187 86.06210 1100 0.47 (0.10)

19 Lal Bahadur Aale Magar Golanjor-4, Tinkanya 27.23151 86.06250 1096 0.82 (0.25)

20 Krishna Bahadur Thapa Magar Golanjor-4, Tinkanya 27.23212 86.06257 1085 0.67 (0.12)

21 Tek Bahadur Thapa Magar Golanjor-4, Tinkanya 27.23162 86.06286 1088 0.88 (0.25)

22 Rabindra Kumar Aale Magar Golanjor-4, Tinkanya 27.23145 86.06336 1069 1.33 (0.33)

23 Karna Bahadur Aale Magar Golanjor-4, Tinkanya 27.23191 86.06364 1060 1.14 (0.33)

24 Siri Bahadur Aale Magar Golanjor-4, Tinkanya 27.23226 86.06346 1058 0.55 (0.17)

25 Prithivi Bahadur Aale Magar Golanjor-4, Tinkanya 27.23240 86.06355 1054 0.30 (0.08)

Results and discussion

Population densities of fruit flies in citurs orchards 
The mean numbers of fruit flies per trap in the fortnight collection was highly significant (t 
(48) = 4.75, p ≤ 0.0001) with the mean difference of 20.6 fruit flies between cue lure (16.0) 
and methyl eugenol (36.6) traps in the selected 25 sweet orange orchards from March 2019 to 
February 2021 in Sindhuli. The methyl eugenol was very effective to trap higher mean number 
of fruit flies (916.4 ± 102.2) than the cue lure (400.7 ± 35.1) traps (n = 48) in citrus plantations 
in total. In the cue lure trap, in a fortnight time, the highest mean number of fruit fly per trap, 
35, was recorded on 14th July, 2020 followed by 33, on 15th July, 2019. In methyl eugenol 
traps, the maximum mean number of fruit fly was 97/trap on 16th September, 2019, followed 
by 90/trap on the 2nd October, 2019 (Figure. 1).

During June, July and August, most of the fruit flies were caught in cue lure traps, while the 
maximum numbers of fruit flies were detected in the methyl eugenol trap during August and 
September. Most of the fruit flies were captured during the summer and rainy seasons, which 
might be due to the favorable climatic conditions. The availability of cucurbit hosts near the 
periphery of citrus orchards may be the reason for the maximum number of fruit flies trapped 
from June to August in cue lure traps. The above result is almost similar to Adhikari et al 
(2018). But in case of Rusitu Valley, Zimbabwe, fruit fly trappings per day in sweet oranges 
varied throughout the year (Stephen et al., 2019). Fruit flies were trapped in higher numbers 
in guava and nectarine orchards in Islamabad, Pakistan, from May to August (Sarwal et al., 
2014; Gillani et al., 2002). 
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Fruit fly per trap per day (FTD)
The number of fruit flies per trap per day (FTD) varied significantly (p ≤ 0.05) throughout 
the months in the sweet orange orchard during the monitoring period from March 2019 to 
February 2021. The highest number of FTD, 6.3, in methyl eugenol traps was recorded in 
September 2019 followed by 5.7 in August 2020, and 5.6 in August 2019. But, the highest 
FTD in the cue lure trap was in June 2020 (1.9), followed by August 2019 (1.9) and August 
2020 (1.9) (Figure 2). This indicates that the maximum number of fruit flies were present 
in orchards during the summer and rainy months, which could be attributed to the pleasant 
temperature and relative humidity for the reproduction of fruit flies. Similarly, Banerfi et al. 
(2005) reported that summer was the peak season for melon fly population, followed by the 
winter season. During the four months that farmers continued to harvest sweet oranges, the 
number of fruit flies trapped per day (FTD) varied in Rusitu valley, Zimbabwe (Stephen et al., 
2019). Moreover, the fruit fly population was influenced greatly by temperature and relative 
humidity (Appiah et al., 2009; Peng & Hui, 2007).

FTD recorded month of the year

Figure 1. Fortnightly mean number of fruit fly per trap in orchards in Sindhuli, Nepal.

Figure 2. Fruit flies trap per day (FTD) from March, 2019 to February, 2021 
in sweet orange orchards in Sindhuli, Nepal.
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Composition of fruit fly species
The fruit fly B. dorsalis was the most commonly encountered species accounting for 62.5 
percent, followed by B. zonata (18.9%), Z. tau (16.4%), Z. scutellaris (1.1%), and Z. cucurbitae 
(0.8%) (Figure 3). Z. tau was the highest in percentage (66.7%) followed by B. dorsalis 
(12.2%), Z. cucurbitae (10.8%), Z. scutellaris (7.8%), B. zonata (1.5%), and D. longicornis 
(0.9%) (Figure 4). The discrepancies in the species of fruit flies attracted and trapped must be 
attributable to differences in the para-pheromone lure and the orchard’s altitudinal conditions. 
Fruit flies, only males, are attracted to lures (para-pheromones) traps (Adhikari et al., 2018). 
Each lure is targeted to a certain fruit fly species or a group of fruit flies. Customarily, Oriental, 
melon, and Mediterranean fruit flies are commonly monitored by means of methyl eugenol 
(ME), cue lure (CL), and trimedlure (TML), respectively (HAW-FLY IPM, 2016). The mixing 
of fruit fly species in ME and CL could be due to the handling of both lures at the same time 
and in close proximity to each other. Male Oriental fruit flies (B. dorsalis) were attracted to ME 
from a distance up to 800 m (Steiner, 1952). The Oriental fruit fly was only species reported 
from April to November, with a yearly peak in August (Peng & Hui, 2007). Both the cue-lure 
and methyl eugenol are highly attractive lures to melon fly (Z. cucurbitae) and oriental fruit 
fly (B. dorsalis), respectively (Vargas et al., 2000). All of the fruit fly species recorded in this 
study have been described and reported by different authors (Sharma et al., 2015; Adhikari & 
Joshi, 2018; Bhandari et al., 2017; Leblanc et al., 2019; Kapoor et al., 1979).

Figure 3. Fruit fly species trapped in methyl eugenol 
from March 2019 to February 2021 in sweet orange 
orchards of Sindhuli, Nepal.

Figure 4. Fruit fly species trapped in cue lure  from 
March 2019 to February 2021 in sweet orange 
orchards of Sindhuli, Nepal.

Similarly, molecular identifications of different fruit fly species have been performed in 
Nepal. The sequence can also be accessed in NCBI Gene Bank with accession no. OP804508 
and OQ402417 for B. dorsalis, OP804509 and OQ413243 for B. zonata, OP804510 for Z. 
cucurbitae, OP804511 and OQ413244 for Z. tau, OP804513 and OQ413245 for Z. scutellaris, 
OQ413246 for D. longicornis and ON619567.1 for B. minax (NCBI, 2024).
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Description of Fruit fly species
Bactrocera dorsalis (Hendel)

Diagnosis: Medium sized fruit fly (length: 6-7 mm) having reddish-
brown/black colored thorax. Two yellow lateral vittae present in the 
scutum, hyaline wing with narrow, continuous costal band confluent 
with vein R2+3, prominent T shaped mark in abdomen. It is widely 
distributed in Nepal damaging several species of fruit crops. Males 
are attracted to methyl eugenol. 

Bactrocera zonata (Saunders) 
Diagnosis: This is smaller sized fruit fly species (length: 5-6 mm) 
having reddish-brown colored thorax and abdomen. It has two 
yellow lateral vittae present in the scutum, discontinuous costal band 
beyond vein R1with an apical spot in wing. Males are attracted to 
methyl eugenol.

Zeugodacus cucurbitae (Coquillett)
Diagnosis: Medium sized (length: 6-7 mm) reddish-brown colored 
fruit fly having 3 yellow (1 medial and 2 lateral) vittae in the scutum. 
It has hyaline wing with broad costal band expanded into an apical 
spot, subapical band present. It is a cosmopolitan and polyphagous 
species in Nepal damaging several fruit vegetable crops. Males are 
attracted to cue lure.

Zeugodacus tau (Walker) 
Diagnosis: This is medium sized fruit fly (length: 7-8 mm) having 
brown to black colored thorax. It has 3 yellow vittae (1 medial and 
2 lateral), and hyaline wing with broad costal band expanded into an 
apical spot, subapical band absent. Prominent T shaped mark present 
in abdomen. It is one of the widely distributed species in Nepal 
damaging several fruit vegetables crops including cucurbits. Males 
are attracted to cue lure. 

Zeugodacus scutellaris (Bezzi)
Diagnosis: This is medium sized fruit fly (length: 5-6 mm) with 
black colored body. It has 3 vittae (2 narrow lateral and 1 medial) 
in the scutum and scutellum with an apical black spot, costal band 
narrow and apical spot near R4+5 in wing. It is the pest of several fruit 
vegetables crops including cucurbits in Nepal. Males are attracted to 
cue lure. 
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Description of Fruit fly species
Dacus longicornis Wiedemann
Diagnosis: This is medium sized fruit fly (length: 6-8 mm) with 
brown/ black colored body. Thorax dark red-brown without distinct 
dark patterns, lateral and medial postsutural vittae absent. Broad 
dark fuscous costal band in wing. Males are attracted to cue lure. 

Bactrocera minax (Enderlein)

Diagnosis: This Chinese citrus fly is large sized fruit fly (length: 10-
12 mm) with reddish-brown color. This fruit fly species has 3 yellow 
vittae (2 lateral and 1 medial) present in the scutum, hyaline wing 
with broad costal band confluent with vein R4+5, elongated abdomen 
with bulb shaped oviscape in females. It is one of the major pests of 
citrus (lemon, sweet orange and mandarin) in Nepal. It is a univoltine 
species with longer (5-7 months) diapause period inside soil. Para-
pheromone lures do not attract to males. Freshly emerged female 
Chinese citrus fly is readily attracted to protein bait.

Source: Adhikari, 2023, Adhikari & Joshi, 2018

Conclusions
Fruit fly species related information in particular host and locality are important to design 
an appropriate management protocol and use a specific management tool for particular 
fruit species. Among the fruit fly species trapped in cue lure, Z. tau remained in the highest 
percentage. At the same time, B. dorsalis, B. zonata, Z. tau were the major species recorded in 
the methyl eugenol trap, while higher numbers of fruit flies were trapped in para-pheromone 
traps, particularly, in summer and rainy seasons. This inventory of fruit fly species in the sweet 
orange orchards of Sindhuli, is also useful for their further studies in other fruits and vegetable 
crops in Nepal.
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Introduction
Citrus is the most important sub-tropical fruit crop of Nepal. It is cultivated by most of the 
farmers in the mid-hills of Nepal (Panthi & Ranjit, 2012). The major citrus species grown in 
Nepal are mandarin orange, sweet orange, lime, lemon, and at a small scale, rough lemon, 
pomelo, grapefruit, sour lemon, citron, sweet lime etc. The cultivation area of citrus fruit is 
ongoing however productivity is not increasing as expected  due to a lack of proper cultivation 
practices and knowledge of local farmers on diseases such as Citrus Tristeza Virus (CTV) and 
Huanglongbing (HLB), etc. (MoAD & FAO, 2011)

Citrus Tristeza Disease is caused by CTV which belongs to the Closterovirus group and 
is transmitted by the vector, brown aphid (Toxoptera citricida), Toxoptera aurantii, Aphis 
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Abstract 

Citrus Tristeza Virus (CTV) and Huanglongbing (HLB) are the most severe diseases of citrus 
crops in Nepal. These diseases were successfully diagnosed through molecular techniques on 
studied citrus species. CTV was diagnosed in different mother plants such as Poncirus trifoliata, 
Citrus reticulata Blanco, and Citrus sinensis, trifoliate seedlings and grafted plants of citrus by 
DAS-ELISA method. It was found that CTV was not transferred from infected mother plants to 
their saplings. HLB was diagnosed in trifoliate orange mother plants, trifoliate orange seedlings 
and mandarin  orange plants using PCR. It was found that trifoliate orange is not easily infected 
by HLB as compared to mandarin orange. CTV-free trifoliate plantlets were cultured in vitro in 
MS-medium. Media optimization for shoot multiplication and rooting was performed. Shoot mul-
tiplication was found comparatively better in the MS medium containing 1 mg/l of BAP than in 
other concentrations namely 0 mg/l, 0.5 mg/l, 1.5 mg/l and 2.0 mg/l. Rooting was observed best 
in MS-medium containing 0.5 mg/l of IBA

Keywords: Trifoliate orange, Citrus tristeza virus, Huanglongbing, DNA, Primers, DAS-ELISA, 
PCR.
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gossypii etc. It is phloem limited, 2000 nm long and 12 nm wide filamentous virus with single-
stranded RNA and has a total genome size of 17-20 kb. It is a graft-transmissible disease 
which can be transmitted through the infected scions during grafting and also with the grafting 
knives. The virus causes vein clearing, stem pitting, yellowing, slow and quick decline, leaf 
fall, root decay etc. CTV can be detected by DAS-ELISA which is a sensitive and effective 
method for virus detection (Ángel et al., 2014; Garnsey et al., 1979). ELISA techniques are 
based upon the specific recognition of antigens by antibodies. These methods are frequently 
used for the detection and identification of plant viruses and are performed because of their 
specificity, simplicity and speed of detection (Falk, 1995).

HLB is also known as citrus greening disease. The disease is caused by the phloem-restricted 
gram-negative bacterium including Candaditus liberibacter asiaticus, Candaditus liberibacter. 
americanus, Candaditus liberibacter. africanus and transmitted mainly by the Asian citrus 
psyllid (Diaphorinacitri) and the African citrus psyllid (Triozaerytreae). It is also a graft-
transmissible disease which is easily transmitted from infected scions (Citrus, 2015; Shokrollah 
et al., 2009). In the context of Nepal, HLB is caused by Ca. L. asiaticus which cannot be 
cultured in artificial media. It is one of the serious problems for citrus fruit cultivation in Nepal. 
The disease causes rapid tree decline, mottled leaves, small and poor quality fruits, yellowing 
of veins and branches, vein corking, severe leaf and fruit drop etc. The symptoms of HLB 
are like a zinc deficiency which is often confused with a nutritional problem (Bianco et al., 
2013; Tian et al., 2014). PCR detection method based on the amplification of 16s r-DNA, and 
ribosomal protein genes is used to detect the disease which is visualized by gel electrophoresis 
(Ranjit, 2003). A new PCR detection method based on the amplification of ribosomal protein 
genes, which allows for direct identification of both Asian and African species by the size of 
the amplified DNA, was developed in 1999 (Ruangwong & Akarapisan, 2006). This PCR 
technology can be used to confirm the presence of greening pathogens in citrus samples. DNA 
of greening bacteria may be extracted by the CTAB method. Two types of DNA namely 16s 
rDNA or rpl β-operon DNA can be used. In the case of 16s rDNA, a specific sequence can 
be amplified by specific primers namely OA1 (5' - GCG CGT ATT TTA TAC GAG CGG CA 
-3'), a forward primer for African species, OI1 (5'- GCG CGT ATG CAA TAC CGG CA -3'), a 
forward primer for Asian species and OI2c (5' - ATG GGT TGC GAA GTC GCG AGG C - 3', 
a reverse primer for both species. In the case of rpl beta operon DNA, 2 primers namely A2 
(5' - TAT AAA GGT TGA CCT TTC GAG TTT - 3') and J5 (5' - ACA AAA GCA GAA ATA 
GCA CGA ACA A - 3') used for forward and reverse primers for both species (Hocquellet et 
al., 1999).

Plant tissue culture is the in vitro aseptic culture of cells, tissues, organs or whole plants under 
controlled nutritional and environmental conditions often to produce clones of plants (Pandey et 
al., 2020; Thorpe, 2007). The resultant clones are true-to-type of the selected genotype(Bhatia 
& Sharma, 2015). The controlled conditions provide a conducive environment for the growth 
and development of explants in the culture medium (Hussain & Ullah, 2012). These conditions 
include the proper supply of nutrients, pH medium, adequate temperature and proper gaseous 
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and liquid environment (Hussain & Ullah, 2012). Tissue culture is a useful method for crop 
improvement and propagation (Saini, 2020). Several researchers have applied this plant tissue 
culture technique for the elimination of viruses through meristem culture(Tissue, 2016; Vivek 
& Modgil, 2018; Wang et al., 2006). 

The main objectives of this study are to diagnose CTV disease and HLB disease by DAS-
ELISA and PCR respectively, investigate whether both of these diseases are transmitted 
to the seedling plantlets from infected mother plants or not, and optimize media for shoot 
multiplication and rooting of virus free trifoliate orange by shoot tip culture.

Materials and methods 
Sample collection
The leaves of different citrus species (Trifoliate orange, Mandarin orange, Sweet orange) 
were collected from Warm Temperate Horticulture Centre, Kirtipur (WTHC) and Thapa 
Horticulture Nursery Yangdi, Gorkha for CTV diagnosis. The samples were from mother 
plants, seedling plantlets, grafted plants and micro-propagated plants. Altogether, 33 leaf 
samples were collected. Among them, 19 were from WTHC, Kritipur and 14 were from 
Yangdi, Gorkha. Mother trifoliate orange samples taken for different seedling plantlets were 
the same for both places and thus were collected from WTHC. Samples of mother trifoliate 
orange were collected from four different trifoliate orange plants namely T1, T2, T3 and T4 
cultivated at an open orchard. Six samples of trifoliate seedlings namely TS1, TS2, TS3, TS4, 
TS5 and TS6 were collected from WTHC and six samples namely YTS1, YTS2, YTS3, YTS4, 
YTS5 and YTS6 were collected from Yangdi. These samples were collected from an insect-
vector-protected screen house. Besides, two mother mandarin orange samples M1 & M2, three 
grafted mandarin orange samples GM1, GM2 & GM3, and two mother sweet orange samples 
S1 & S2 from WTHC, and three mother mandarin orange samples namely YM1, YM2 & 
YM3, three grafted mandarin orange samples YGM1, YGM2 &YGM3 from Yangdi were also 
collected from the screen house. The Remaining two grafted sweet orange samples  GS1 & 
GS2 were collected from WTHC while the other two grafted mandarin orange samples YOM1 
&YOM2 were obtained from the open orchard of Yangdi.

HLB diagnosis 
Altogether 15 samples were collected from the WTHC, Kirtipur and Green Research and 
Technology (GREAT), Baneshwor. Among 15 samples, four were mother trifoliate orange 
from the same tree as used for CTV diagnosis previously as well as six trifoliate orange 
seedlings from the same plants grown inside the screen house. Four mandarin orange samples 
M2, M3, M4 and M5 grown in an open orchard were collected from WTHC and one mandarin 
orange sample M1 grown in an open orchard from GREAT. Shoot tips of trifoliate seedlings 
grown inside the same screen house of CHC were collected for the micro-propagation of 
Poncirus trifoliata shoot tips.
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CTV diagnosis by DAS-ELISA
The collected samples were tested for CTV by using the DAS-ELISA method following 
Ranjit, 1997.

Coating with antibodies
Each wall of the ELISA plate was coated with 100 µl of diluted antibodies with prepared 
carbonate coating buffer (1.59 g Na2CO3 + 2.93 g NaHCO3) with the help of a micropipette. 
Antibody was mixed with the coating buffer at the ratio of 1:500. The plate was incubated at 
37˚C for 2 hrs. After incubation, the plate was washed three times with a washing buffer.

Sample preparation and loading
200 mg samples containing midribs of leaves were ground with 4 ml of freshly prepared 
extraction buffer (PBS + 20 g PVP40) in mortar and pestle and centrifuged at 1,000 rpm for 2 
minutes. 100 µl of each extracted sample was loaded into each of the wells along with positive 
and negative references. The plate was then incubated at 4˚C overnight. After that, the plate 
was washed three times with a washing buffer.

Conjugate loading
 The conjugate antibody (alkaline phosphatase) was mixed with prepared conjugate buffer 
(PBST + 20 g PVP40 + 2 g BSA) in a ratio of 1:500 and 100 µl of conjugate buffer was loaded 
on each of the wells. The plate was then incubated at 37˚C for 2 and a half hrs. After the 
incubation, the plate was washed with a washing buffer three times.

Substrate loading
About 100 µl of prepared p-nitrophenyl phosphate substrate (1 mg/l) was loaded to each of the 
walls and incubated for 25±5 minutes at 37±2ºC for color reaction.

Determination of optical density
After one hour of reaction and color formation, the optical density was read at 405 nm using 
an ELISA plate reader (Huma Reader). After that, the color reaction was stopped by adding 50 
ul of 3M NaOH solution to each well.

HLB diagnosis by PCR method
DNA extraction by CTAB method

The CTAB method used by Pang, 2016 (Pang, 2016) for the DNA extraction of plants and 
associated Candidatus liberibacter was modified as follows:

Each collected leaf was surface sterilized with 70 % ethanol and around 0.5g of midrib was 
weighted. It was then ground with the help of mortar and pestle with 4 ml of freshly prepared 
extraction buffer (1M Tris-HCL + 5M NaCl + 0.5M EDTA + 2% CTAB + 0.5-1% (v/v) of 
ß-mercaptoethanol +1% PVP 40) which was pre-warmed at 65ºC. The extracted mixture was 
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poured on an eppendorf tube and mixed well and incubated at 65ºC for 30 minutes with shaking 
and inversion. The mixture was then cooled at room temperature (RT) and 2 ml of chloroform: 
isoamyl alcohol (24:1) or 665µl for 1ml mixture was added. It was gently inverted for 10 
minutes. The tube was centrifuged at 12,000 rpm for 15 minutes at RT. The top aqueous layer 
was transferred to a new sterile eppendorf tube and an equal volume of chilled isopropanol 
(~1ml) was added for DNA precipitation. The mixture obtained above was kept at -20 ºC for 
30-45 minutes. The tube was then centrifuged again at 12,000 rpm for 15 minutes at 4ºC. The 
pellet was washed with chilled absolute ethanol for 3 times and air-dried at room temperature. 
The pellet was suspended with 50-60 µl of freshly prepared TE buffer (10 mM Tris- HCL 
+ 1 mM EDTA) to dissolve the pellet. Then, 5 µl of freshly prepared RNase for 60 µl DNA 
solution was added and mixed well. The tube was then incubated at 37ºC for 30 minutes. 50 µl 
of 3M sodium acetate and 500 µl of ice-cold absolute ethanol were added and stored at -20ºC 
for 30-45 minutes. The tube was then centrifuged again at 12,000 rpm for 15 minutes at 4ºC 
and the supernatant was discarded. The pellet was washed with 200 µl of 70% ethanol for 3 
times and left for air drying. The pellet was suspended with 50-100 µl of TE buffer and stored 
at -20ºC

PCR method

To identify the Candidatus liberibacter from the above-extracted DNA mixture solution, 
forward primer A2 ( 5`- TATAAAGGTTGACCTTTCGAGTTT-3`) and reverse primer J5 (5`- 
ACAAAAGCAGAAATAGCACGAACAA-3`)based on the ribosomal protein gene of the ß 
Operon were used. 52 µl of the total PCR reaction mixture was made using 38 µl of sterile 
water, 5 µl of 10X assay buffer, 3 µl of 10 nM dNTP mix, 3 µl of DNA template, 1 µl of 10X 
forward primer, 1 µl of 10X reverse primer and 1 µl of Taq DNA polymerase. Amplification 
was carried out in TaKaRaPCR Thermal Cycler with the following program: one cycle at 94°C 
for 1 minute for initial denaturation, 30 cycles each at 94°C for 30 seconds denaturation, 48°C 
for 30 seconds for annealing and 72°C for 1 minute of for the extension.

Gel Electrophoresis

After PCR, the products were visualized through Agarose Gel Electrophoresis. 1X of 70ml 
TE buffer was prepared from 50X TE buffer provided in the gel electrophoresis kit and 2% 
agarose (1.4 gm) was weighed and mixed in TE buffer. The buffer was heated to mix the 
agarose in the buffer. Then, the buffer was allowed to slightly cool at room temperature. 4 µl 
of Et-Br was added and mixed well. The buffer was then poured on the electrophoresis plate 
and left to solidify at room temperature. Then, the samples were loaded in the well containing 
Et-Br. 7 µl of each sample were stained with 3 µl of dye i.e. Bromophenol blue and loaded in 
each well along with the DNA ladder. The electrophoresis gel was then allowed to run at 80V 
for 2 and a half hours. Finally, the gel was visualized and analyzed by UV trans-illuminator.
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Micropropagation

Surface sterilization of explants
The collected apical shoots of virus-free trifoliate oranges were first washed with tap water 
and then with distilled water several times followed by 5% SDS (detergent) with continuous 
shaking of the beaker for 10 minutes. The explants were then washed with clean water several 
times. Then, they were dipped into 70% ethanol for 30 sec under a laminar hood in an aseptic 
condition and washed with 1% NaClO for 20-30 minutes. Finally, they were washed with 
autoclaved distilled water for three times.

Media optimization for shoot multiplication
After 4-8 weeks when the shoot tips were grown in vitro in an MS medium of about 0.5cm, 
shoot multiplication was done. For this, the MS media with 0.1 mg/l IBA and different 
concentrations of BAP (0, 0.5, 1, 1.5, and 2) mg/l were prepared. The apical shoot tip was 
excised aseptically and inoculated in MS media containing different concentrations of BAP. 
Two nodes were inoculated in four different replicate concentrations respectively. The 
temperature was maintained at 25-28ºC and light intensity at 2000 lux.

Media optimization for rooting
After 4-8 weeks when the shoot tips had grown in vitro in MS medium to about 0.5cm, rooting 
was done. The MS media with 0 mg/l BAP and different concentrations of IBA (0, 0.5, 1, 1.5, and 
2) mg/l were prepared. The apical shoot tip was excised aseptically and inoculated in MS media 
containing different concentrations of IBA. One node was inoculated in six different replicates 
respectively. The temperature was maintained at 25-28ºC and light intensity at 2000 lux.

Result and discussion

CTV diagnosis by DAS-ELISA
All 33 samples of three different citrus species namely Poncirus trifoliata, Citrus reticulata 
Blanco, and Citrus sinensis and their grafted plants were tested for CTV by the DAS-ELISA 
method and O.D. was measured.

The positive reference sample had a mean O.D. value of 0.501 and the negative reference 
sample had a mean O.D. of 0.348. However, the O.D. value for negative reference was assumed 
to be 0.38. Since, the negative in vitro plant sample was not available, so extraction buffer was 
used as a negative indicator. The leaf sample of the infected plant in the garden was used as a 
positive sample. 

Optical density at 405 nm that was less than the O.D. value of negative reference < 0.38 
was considered as CTV negative. O.D. reading greater than or equal to positive reference 
was considered as CTV positive. The O.D. value range of 0.38-0.49 was considered mildly 
positive. The O.D. value range 0.501-0.79 was considered moderate positive and the O.D. 
value greater than 0.80 was considered severe positive. 
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Among 11 mother plants tested, all plants were CTV infected as shown in Figure 1. Among 
them, YM1 and YM2 had mean O.D. values ranging from 0.38 to 0.49 and resulted as mildly 
infected. Six samples T1, T3, M1, M2, S1 and S2 had the mean O.D. value ranges 0.50-0.79 
and resulted as moderately infected. Three samples, T2, T4 and YM3 had mean O.D. values 
greater than 0.8 and resulted in severe infection

Based on 12 trifoliate seedling samples examined except YTS1 from Yangdi, all other 11 
samples had the mean O.D. value less than the negative reference and were found to be CTV 
negative as illustrated in Figure 2. 

The sample YTS1 had an O.D. value between 0.38-0.49 and resulted as mildly infected and 
this might be due to the improper management of the nursery. The mother sample of mandarin 
orange and sweet orange grown inside the screen house were also found to be CTV infected 
which further supports the improper management of nursery. The nursery maintenance was 
found weak by visual observation. The improper locking system of the screen house, torn-out 
nets in some parts due to old age, lack of proper roofing of the screen house, and handling with 
infected tools might be responsible for the virus attack.

Among the 10 tested grafted plants, five samples YGM1, YGM2, YGM3, YOM1 and GM3 
had the mean O.D. value less than the negative reference and resulted in CTV negative as 
shown in Figure 3. And five samples YOM2, GM1, GM2, GS1 and GS2 had a mean value 
between 0.38 - 0.49 and resulted in mild CTV infection.

CTV was diagnosed in all 33 samples collected 
from WTHC, Kirtipur and Yangdi, Gorkha. 
Among them, four trifoliate mother plants 
collected randomly from the seed orchard of 
WTHC were found CTV infected but all their 
seedlings were found to be CTV negative as 
shown in Figure 4. The seedling plant YTS1 
collected from Thapa Horticulture Nursery, 
Yangdi was found mildly infected. This might 
be due to the improper management of the 
nursery at Yangdi. Even the mother plant samples (YGM1, YGM2 & YGM3) of mandarin 

Figure 3. O.D.405 Values of Grafted Plants

Figure 1.  O.D.405 Values of Mother Plants Figure 2. O.D.405 Values of Trifoliate Seedlings
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orange and sweet orange grown inside the 
screen house were found CTV infected. The 
nursery maintenance was found weak by visual 
observation. The improper locking system of 
the screen house, torn-out nets in some parts 
due to old age, lack of proper roofing of the 
screen house, and handling with infected tools 
might be responsible for the virus attack. The 
seed orchards of trifoliate oranges are prone 
to virus attack in an open environment. Since 
they have been continuously exposed to aphids 
for a very long time (more than 20 years), no 
wonder they were all infected with CTV. 

There is no evidence that CTV is transmitted by seeds, but the vectors are effective at transmitting 
the virus (Eugen et al., 2021). Our study also supports that CTV was not transferred from the 
CTV-infected mother plant to their seedling plantlets if the seeds were grown under an insect-
proof screen house. However, to further confirm the result, the trifoliate seedling plants grown 
inside the insect-proof house should be collected from the same trifoliate mother plant that 
should test positive for DAS-ELISA.

HLB diagnosis by PCR
HLB was diagnosed in all 15 collected samples by using a PCR device. Among 15 samples all 
four trifoliate mothers (T1, T2, T3, and T4), six trifoliate seedlings (TS1, TS2, TS3, TS4, TS5 and 
TS6) and two mandarin orange samples (M4 and M 5) were found negative to HLB, and other 
three mandarin orange samples (M1, M2 and M3) were found to be HLB positive. This result was 
obtained based on using specific 
primers A2 and J5 which amplify 
DNA fragments of 703 bp in size. 
The amplification of ribosomal 
protein genes from samples M1, 
M2 and M3 with primers A2 and AJ 
were found at 703 bp representing 
in lanes 2, 3 and 4 respectively in 
Figure 5. The PCR amplifications 
of samples M4, M5, T1, T2, T3, T4, 
TS1, TS2, TS3, TS4, TS5& TS6 
are shown in lanes 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14,15 & 16 respectively 
(figure 5) DNA marker of 100 bp 
was loaded in the 1st lane of the 
electrophoresis gel slab.     

Figure 4. O.D.405 Values of All Citrus Samples 

Collected from Different Parts of Nepal

Figure 5. PCR Amplification of Different Citrus Samples 
Visualized under UV- Trans-illuminator where lane (1) stands for 
Marker, lanes (2-6) for Mandarin Orange, lanes (7-10) for Trifoliate 
Mother Plants and lanes (11-16) for Trifoliate Seedling Plantlets.
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Among 15 samples, all four trifoliate mother plants (T1, T2, T3, and T4) collected from an open 
orchard and also all trifoliate seedlings (TS1, TS2, TS3, TS4, TS5 and TS6) collected from 
the insect-proof screen house were found negative to HLB. Three mandarin orange samples 
(M1, M2 and M3) collected from the open orchard were found to be HLB positive while the 
other two mandarin orange samples (M4 and M5) collected from the open orchard were found 
HLB negative. This result shows that trifoliate oranges are not easily affected by the HLB as 
compared to the mandarin orange. The literature (Albrecht & Bowman, 2009; Hartung et al., 
n.d.) showed that the transmission of HLB disease from citrus mother plants to their seedling 
plants was not possible. Further research should be done on whether HLB would transmit 
from the mother pants to their seedling progenies or not in the case of mandarin orange and 
sweet orange to know more details about the topic.

Micropropagation of trifoliate seedling
Apical shoot tips were cultured on MS medium supplemented with a combination of BAP 1 
mg/l and IBA 0.1 mg/l at 25-28ºC with light intensity 2000 lux.was maintained. After 4 weeks, 
the apical shoot tips started to respond to the media. Callus as well as shoots were observed 
in some of the inoculated tubes. After 8-10 weeks, sufficient shoots were developed and they 
were sub-cultured to fresh shooting and rooting media containing different concentrations of 
BAP and IBA for shoots and root multiplication respectively. The media optimization for the 
micro-propagation of CTV-free trifoliate orange was done to meet the increasing demand for 
disease-free rootstocks in Nepal.

Media optimization for shoot multiplication
After 8 weeks, in-vitro cultured apical shoot tips were transferred to a fresh MS medium 
containing different BAP concentrations (0, 0.5, 1, 1.5, and 2) mg/l and 0.1 mg/l IBA.

Table 1.  Growth Response of Trifoliate Orange shoot tips in MS media with 0.1 mg/l IBA 
and Different Concentrations of BAP

Concentration of BAP 
mg/l

Average Shoot  
Multiplication Growth Response

0 0.5 ± 0.285 Callus formation

0.5 2 ± 1.23 Callus formation

1 9.5 ± 2.86 Better shoots

1.5 5.83 ± 1.62 Callus as well as shoots

2 3.5 ± 1.33 Callus as well as shoots

After 6 weeks, the callus was observed in the cultured tubes having a BAP concentration of 
0 mg/l. There was no proper shoot multiplication with an average shoot multiplication of 
0.5±0.285. The cultured tubes with 0.5 mg/l concentration of BAP showed little more shoot 
multiplication with an average shoot multiplication of 2±1.23 than that of 0 mg/l of BAP. The 
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cultured tubes with 1.5 mg/l and 2 mg/l concentrations of BAP obtained an average shoot 
multiplication of 5.83±1.62 and 3.5±1.62 respectively and the callus was also observed. The 
cultured tubes with 1 mg/l concentration of BAP showed better shoot multiplication than 
other BAP concentrations (0, 0.5, 1.5, and 2) mg/l with an average shoot multiplication 
of 9.5±2.86 and the callus was also observed. However, the difference between 1mg/l and 
1.5mg/l BAP concentrations was not statistically significant. The callus was formed which 
might be due to the incompatibility of IBA and BAP used in the experiment. Likewise, the 
leaf falling after yellowing might be due to the fluctuation of temperature and photoperiod 
during the experiment. Additionally, the nutrients and plant growth hormones supplemented 
in the medium were not sufficient or inappropriate for the in vitro multiplication of trifoliate 
orange. The nutrients and the plant growth regulators play an important role in controlling 
plant growth and the development of plant tissue (Klerk, 2017). Another factor considered 
may be due to the effect of seasonal variation during the time of sample collection may not be 
very appropriate for the shoot multiplication (Boudabous et al., 2013). Since the samples were 
collected during the spring season instead of the summer season. The growth response in MS 
media with different concentrations of BAP is shown in Table 1.

Media optimization for rooting
After 8 weeks, in-vitro multiplication, shoot tip explants were transferred to fresh MS medium 
containing different IBA concentrations (0, 0.5, 1, 1.5, and 2) mg/l and 0.1 mg/l BAP. The 
temperature was maintained at 25-28ºC and light intensity at 2000 lux

Table 2. Growth Response of Trifoliate Orange in MS Media with 0 mg/l BAP and Different 
Concentrations 

Concentration of IBA mg/l Growth Response
0 -

0.5 Rooting

1 Not visible

1.5 Not visible

2 Not visible

After 5 weeks the cultured tube supplemented with rooting medium containing 0.5 mg/l of 
IBA had shown better response than 0 mg/l, 1 mg/l, 1.5 mg/l and 2 mg/l. The main reasons for 
not responding to rooting might be an inappropriate supplement of nutrients and plant growth 
regulators. Since the nutrients and plant growth regulators provided in the medium control the 
plant tissue growth and survival (Klerk, 2017)

Conclusion
From our study, it was indicated that CTV was not transferred from the infected mother plants 
to their seedling plantlets obtained from their seeds if the seeds were grown under insect 
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insect-proof screen house. Trifoliate orange was not easily affected by the HLB as compared 
to the mandarin orange. Media optimization of trifoliate orange indicated that the shoot 
multiplication was best in the MS media containing 1mg/BAP while rooting was best in MS 
medium containing 0.5mg/l 
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Introduction
Productivity of citrus fruits in Nepal is very low, 10.4 t/ha (CDS, 2003) in comparison with 
the other major citrus growing countries like USA, 35 t/ha (FAO, 2004). The western part 
of the country has less productivity, 10.1 t/ha than that of east, 11.35 t/ha (MoAC, 2006).  
Therefore, improvement of productivity through proper technological intervention can help to 
increase the family income of citrus growers of western Nepal. Western Nepal has tremendous 
scope for increase the commercial citrus cultivation due to congenial climate, close to Indian 

Causes of Citrus Fruit Drops in Karnali and  
Sudur Pashchim Province of Nepal

Ram Lal Shrestha* 

Nepal Horticultre Society, Khumaltar, Lalitpur
*Corresponding Author : shrestharam534@gmail.com 

*ORCID ID: http://orcid.org/0009-0000-8878-8266

Abstract 

Causes of fruits drops may be the soil, nutrition and environment factors. Soil and leaf samples of the 
mandarin orange orchards were collected and analyzed to determine the nutritional status of citrus 
orchards of Sudur Pashchim Province (SPP) and Karnali Province of Nepal. Soil samples were 
collected at up to 30 cm depths from the problematic mandarin orange (Citrus reticulate Blanco) 
orchards of Kailali (Nigale), Baitadi (Nagarjung), Salyan (Khalanga) and Dailekh (Dullu) districts 
in 2007 and analyzed for major elements like Nitrogen (N), Phosphorus (P), Potassium (K), soil pH 
and organic matter (OM). Leaf samples were also collected from the same orchard at the same time, 
where the soil samples were taken from healthy and unhealthy orchard trees separately and analyzed 
for NPK. There is a tradition of cereal crops like rice, wheat and finger millet were intercropping in 
most of the citrus orchard and there is no system of FYM and fertilizer application for citrus plant 
and low level of Nitrogen was found in the soil and leaf. Powdery mildew and root rot disease were 
two major fungal diseases were found in all districts. These diseases will assess to fruit drop. Green 
string bug is the serious problem in most of the survey sites and major insect responsible for citrus 
fruit drop, but the farmers does not have knowledge of control the insect. The intensity of fruit drop 
is 35 to 180 kg depending on the size of the orchard and economic losses 39.3% was observed in the 
citrus orchards of SPP and Karnali Province of Nepal. 

Key words: Nitrogen, Phosphorus, Potassium, Soil pH, Organic matter, Green sting bug, Root rot, 
Powdery mildew, Fruit drop
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markets like Lucknow, Delhi, Deharadun etc. and opening of south-north feeder roads. To 
exploit this opportunity and meet the main goal of 10th Plan poverty reduction, productivity of 
citrus fruit should be improved in the regions. However problem of pre-harvest fruit drops has 
been reported as one of the factors causing low productivity of citrus in Nepal (CDS, 2060; 
Pradhan and Miya, 2004). Adhikari (2001) reported about 50% fruit drop in Salyan, Dailekh 
and Dadeldhura districts. Yield losses due to fruit drop has also been reported by farmers of 
Western Nepal through Regional Technical Working Group (RTWG) meeting at Nepalgunj 
(organized by NARC, 2003) and Dhangadi (organized by Crop Diversification Project, 2004). 
Hence, this survey will address the fruit drop problem faced by the farmers of mid and far-
western regions through identification of location specific causes of fruits drop.  

Nature and causes of citrus fruit drop
Citrus trees produced excessive number of flower and fruit under goes natural drop of imitation 
fruit to adjust fruit load. Less than 1% of citrus flower will be set harvestable fruit (Tayde and 
Ingle 1997) ).Out of total fruit drop of mandarin orange 70 to 83% was physiological, 8 to 17% 
entomological and 8 to 10 % Pathological in spring flowering, whereas 73-78% physiological, 
11-12% entomological and 10-13% pathological in monsoon flowering (Tayde and Ingle 1997). 
Allurawal et al (1999) reported that anti ethylene chemicals Silvernitrate and GA3, 25ppm can 
control of pre mature fruit drop. Although all the fruit that fail to mature do not drop at once 
time but in citrus nature of fruit drops in three waves. Firstly, post setting fruit drop occurs 
soon after fruit set due to over production and drop naturally and not concern to the grower. 
Secondly summer or June drops particularly severe in the hot dry climatic condition. Thirdly 
pre harvest drop, matured fruits drops before the harvest this drop is economic important to the 
growers. However based on the causal factor citrus fruit drop are broadly classified in to three 
major cause i. e. physiological, pathological and entomological. 

i)  Physiological drop mostly related to competition among fruit lets for carbohydrate, 
hormone and other metabolic activities. Sudden changes in temperature or humidity, poor 
nutritional management, hormonal imbalance, improper soil moisture stress especially 
high temperature, where the leaf temperature reached 35-400 C and water stress etc are 
also the physiological causes of fruit drop in citrus (Tayde and Ingle 1997). 

ii)  Pathological fruit drop caused them stem end rot on mature fruit under ripening. Post bloom 
fruit drop (PFD) caused by Anthracnose (Colletotrichum acutatum), is an important disease 
of citrus that causes fruit drop especially in orchards planted in humid areas of Americas 
(Timmer et al. 1994). The first symptoms of PFD are peach to reddish brown necrotic spots 
on open petals. Pinhead to half grown flowers may also be attacked if inoculums level is high. 
Senescent petals on healthy flowers usually are light in colour or dry from the tip downward 
but diseased petals are dark brown to orange and dry first in the areas affected. Affected petals 
become hard and dry, persisting for several days after the healthy flowers have fallen. After 
petal fall young fruits show a slight yellowish discoloration and usually abscise leaving the 
calyx and flower disc intact. These structures are commonly known as ‘buttons’ and remain 
green and attached to the branch for a year or more (Timmer, et al. 2001).  
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iii)  Entomological drop mainly caused by the green string bug (Rhynchocoris humeralis)  and 
citrus fruit fly (Bactrocera minax ). Other insects like mites infect the flowering and fruit 
setting stage, post bloom fruit drops would be severe infection of mites and sucking insect. 
The green string bug sucks the fruit sap in development stage and heavy drop during 
Shrawan to Bhadra (August) and high economic losses. Fruit fly (Bactrocera minax) starts 
to laying eggs on the fruits during Shrawan and larva damaged fruits from Aswin (full 
maturity stage). Heavy shedding of infected fruits (especially sweet orange) was observed 
before ripening. 

Control of early stage fruit drop (after fruit set) two spray of growth regulator 2-4,D 15 ppm+ 
Benomyle 1000 ppm + 1% urea were effective in Nagpur mandarin orange. The growth 
regulator control the physiological fruit drop whereas fungicide control pathological fruit drop. 
Copper Oxychloride 50 % WP or  Blitox 0.3%+ 2-4-d 10 ppm retained maximum percentage 
of fruit drop. 

Materials and methods

Soil sample collection
Soil samples were collected from major citrus production pocket areas of Kailali (Nigale), 
Baitadi (Nagarjung), Salyan (Khalanga) and Dailekh (Dullu). Three  farmer's orchard was  
selected from the pocket areas of each district.  Samples were taken from five spots of each 
orchard, between the tree canopies in zigzag way up to 30 cm depth by using soil auger, Avoid 
all unwanted materials from the soil and about 0.5 kg of composite soil sample are kept in plastic 
bag with detailed information (Name and address of farmers, depth, intercrop, sample size/ areas, 
date etc).. Total twelve representative composite samples were collected from the study sites 
and send for analyzing NPK, OM, and pH in the laboratory of ARS Pakhribas by using standard 
soil testing technique. 

Leaf sample collection 
Leaves samples were collected from the same orchards where the soil samples were taken. 
Samples were collected randomly in zigzag way from healthy and deficient plant separately. 
Samples were collected from fully developed current year spring flush (6-7 weeks matured 
leaf), un-shaded non-fruiting trees, at four dimension and uniform age and height (1.5m). Total 
of 24 representative leaf samples, (3 healthy and 3 declined trees per district) were collected 
from 10% orchard plants and wash it in clean water. Samples are kept in percolated Nepali 
envelope with full descriptions (Name and address of farmers, date, types of rootstock, age 
of tree, bearing year) and send it to laboratory immediately for major nutrients i.e. N, P, K. 
analysis in ARS Pakhribas.

Fruit drop study
Study of fruit drop intensity in the selected pocket areas were taken by the group survey data 
provided by the farmer's groups and observation of orchard trees, disease infection and insect 
mobility. 
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Results and discussion 
Agro-ecology of citrus cultivation 
Citrus orchards in the survey areas were established in a wide range of altitude from 1150-
1500 m asl with typical mid hill climate in up-land terraces under rain fed condition. The 
lowest altitude where citrus orchards were established was 1150 m in Nigale, Kailali whereas 
orchards in Nagarjung of Baitadi were established relatively in higher altitude (1450-1550 m). 
The soil type of citrus orchards in all sites was found loam to clay loam, which is suitable for 
citrus cultivation.    

Most of the study sites were north or northwest facing which is positive aspect for citrus 
cultivation since moisture is conserved for longer duration during summer season in north 
facing side of the hill. Citrus production pocket of Dullu in Dailekh district is 8.0 hour far 
from pitch road (Surkhet) where as in Salyan around 1 hour far from the district head quarter. 
Vehicle facilities are available only in winter season from Surkhet to Dullu.

Table 1. Agro ecological characteristics of sites

S. 
No. District Location of pocket Altitude 

(masl) Aspect Distance from 
road 

1. Baitadi Nagarjung, VDC, Ward -6 1400-1550 South west 3 hours walking

2. Kailali Nigale VDC, Ward-6 1150-1350 North facing 5 hours walking

3. Dailekh Dullu VDC, Ward-5 1250-1350 North East 8 hours walking

4. Salyan Khalanga VDC, Ward-5,6 1250-1450 North East 1 hour  walking

Orchard management system
Area of citrus cultivation has been increasing every year in all districts due to awareness of 
farmers that citrus fruits are more profitable than cereal crops. Most of the sampled farmers had 
more than 50 bearing mandarin trees. Existing orchards were found predominantly seedling 
origin. Farmers were not adopting any training and pruning practices. Citrus, maize, upland rice, 
wheat and millet were the major crop of upland (Bari land) in the surveyed areas. Intercropping 
of cereals (maize and wheat) under young citrus trees was also common practice in all districts. 
In recent years, few farmers have also started planting soybean, mustard, vegetables or potato 
under citrus orchards. None of the citrus growers of the surveyed areas were found using any 
chemical fertilizer to citrus trees due to higher cost and lack of awareness about the nutrient 
requirement of citrus trees. Compost was the main source of nutrient for citrus and other crops. 
But cereal crops get first priority while applying compost. Livestock like cattle and goats are 
the major source of compost and manure. The compost making technique was found very 
traditional resulting to poor in quality compost. Hoeing and weeding is done for cereals but 
not especially to the citrus trees. In summary, very poor orchard management practices are 
being adopted in all survey sites. Among the cultivated fruits mandarin orange has covered 
maximum areas (82.2%) in the selected districts followed by lemon and sweet orange. 
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Table 2. Number of citrus trees (mean of 20 farmers) in the selected sites of the districts. 

District Location of 
pocket Mandarin Sweet 

orange Lemon Lime Total

Baitadi Nagarjung VDC -6 96.1 (71.45) 24.2 (18.0) 5.9 (4.4) 8.3 (6.2) 134.5 (100)

Kailali Nigale VDC -6 245.6 (78.9) 9.4 (3.0) 50.2 
(16.1) 5.9 (1.9) 311.1 (100)

Dailekh Dullu VDC - 5 161.4 (88.4) 8.2 (4.2) 7.0 (3.8) 6.4 (3.6) 182.6 (100)
Salyan Khalanga VDC-5, 6 196.4 (88.1) 18.6 (8.4) 4.6 (2.1) 3.2 (1.4) 222.8 (100)

Average 174.9 (82.2) 15.1 (7.0) 16.9 (7.9) 5.9 (2.7) 212.7 (100)
Note: Figure enclosed the parenthesis indicates the percentage of trees out of total number. Mean figure of 20 
farmers of each district. 

Intensity of fruit drop 
Intensity of citrus fruits drop governed by several factors and dropped in various stages. Fruit 
drop was taken by interviewing the farmers. According to the farmers view, dropping of fruits 
in the selected sites was found 34.6% in Salyan and 44.7% in Kailali district (Table 3). Average 
shedding of citrus fruits in four districts is 35 to 180 kg and economic losses due to shedding 
are 39.3%. Dropping starts during post bloom stage to before harvest. In the selected pocket, 
dropping starts from Ashadh to Bhadra (fruit development stage) and mainly infection by 
green sting bug and farmers are facing high economic loss.  

Table 3. Intensity of fruit drop and economic losses 

Districts
General yield (Kg/

tree) Dropped (Kg/tree) Dropped 
Percent Dropping time Reasons

Min. Max. Mean Min. Max. Mean

1. Baitadi 80 400 195 30 200 80.5 41.7 Shrawan-Bhadra Unknown

2. Kailali 50 400 188.2 30 220 85.2 44.7 Ashadh-Bhadra Bug

3. Dailekh 50 300 175 30 200 155 36.2 Ashadh-Bhadra Bug

4. Salyan 80 300 173.3 30 100 58.3 34.6 Ashadh-Bhadra Bug

Mean 65 350 182.8 35 180 94.7 39.3

Disease 
Many diseases are observed in the citrus pocket areas of the selected districts. Among them 
Powdery mildew (Oidium tingitanium) is the most common disease of citrus species found 
in all selected sites of the districts. According to farmers, the disease is more serious during 
July- August when new flushes develop in the trees and weather is fuggy. Tender flush and 
fruits are also affected from this disease. Farmers were not practices any control mechanism 
for prevention of the disease. Timmer et al. (1994) reported that, post bloom fruit drop (PFD) 
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caused by Anthracnose (Colletotrichum acutatum) is an important disease of citrus especially 
those orchards planted in humid areas. Pathogens are attracted in flowering stage and produced 
orange brown lesion on the petal of flower and induce abscission on fruit lets. Suspected 
symptoms of Collectrorichum acutatum is also observed in Kailali and Baitadi district but 
farmers are not considered on these disease. Root/ foot rot (Phytophthora spp) and Melanose 
disease were also found in survey sites. Two diseases namely anthracnose (Collectrotrichum 
acetum) and root rot (Phytophthora spp) are major agents for citrus fruit drop in this region. 

Insect 
Various types insects i.e. green stink bug, mites and leaf minor are observed in the citrus 
orchards of selected sites. Among them, green sting bug is one of the serious that dropped the 
fruits more than 25% in all sites. Farmers are not practice any control measures due to poor 
technical knowledge and resources.  

Entomological fruit drop caused especially fruit fly can be reduced by bating with 20 g 
Malathion 25% WP with Vinegor or fruit juice in 2 litre. of water (2 bottle containing poison 
bait per 25-30 trees) has been used with little sucrose for fruit fly 0.05% Malathion+ 1% crude 
sugar about 2 month before ripening followed by 10 days interval bait containing. 

Nutrient status of the orchard 
Soil sample are collected from selected sites of the districts and analyzed major nutrients, 
result of the report are given in the table 4. On the basis of analysis, level of pH is 6.7 nearly 
neutral which is suitable for citrus. Major nutrient i.e. Nitrogen, Phosphorus Potash and 
Organic matter in the soil was found satisfactory level in all sites.  

Table 4. Soil sample analysis report of the selected sites

S.No. Name Address pH OC% OM% N% P (Kg/
ha)

K (Kg/
ha)

1. Buddhi Raj Bista Khalanga-6 6.75 3.44 5.93 0.21 181 1208
2. Buddhi Raj Bista Khalanga-6 6.79 3.73 6.42 0.23 99.26 1198
3. Sufal Bikram Shah Dullu 5 6.60 2.5 4.31 0.16 184.6 385
4. Praytna Shah Dullu 5 5.89 2.77 4.78 0.18 296.4 1107

5. Jaya Singh Bhandari Nagarjung-5 7.5 4.5 7.76 0.26 57.0 1751

6. Share Singh Bhandari Nagarjung-5 7.6 6.48 11.17 0.36 115.4 1830
7. Mani Ram Bhandari Nigali-5 6.6 6.41 11.05 0.36 97 1588
8. Ganga Ram Bhandari Nigali-5 6.5 3.13 5.4 0.20 59 1572

Mean 6.77 4.12 7.1 0.24 136.2 1329.8
SD 0.58 1.63 2.8 0.08 80.3 493.3

Note: N= Nitrogen, P= Phosphorus, K= Potash, OM= Organic matter, OC= Organic carbon, CGD= 
Citrus Greening Disease (Huanglongbin),
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Leaf analysis is a reliable tool of determining the nutritional level for citrus. Leaf nutrient is 
indices (critical level) different elements responsible for growth and productivity (Srivastave 
et al 1998). Leaf sample are collected from selected sites of the districts and analyzed major 
nutrients, result of the report are given in the table 5. On the basis of analysis, level of Nitrogen 
in the healthy plant is 0.57% to 0.72%, which is much deficient level, but level of P and K is 
in satisfactory in deficient trees leaf. Smith (1966) reported that the level of N, P and K in the 
plant tissue should be 2.6%, 0.14% and 1.5% respectively for good quality of fruit production. 
Kohli et al (1997) reported that 180 g of Nitrogen required every year for 40 kg sweet orange 
fruit production. Therefore, on the basis of leaf analysis result it indicated that the additional 
nitrogen should be applied for optimum yield and better growth in all sites. 

Table 5. Leaf sample analysis report of the selected sites

SNo. Name Address
Healthy trees leaf Deficient trees leaf

N% P% K% N% P% K%

1. Buddhi Raj Bista Khalanga 5 0.62 0.34 1.96 0.58 0.31 1.53

2. Indra Bahadur Devkota Khalanga 5 0.57 0.37 1.53 0.52 0.29 1.61

3. Bishnu Prasad Basnet Khalanga 6 0.65 0.31 1.46 0.53 0.40 1.73

4. Bishnu Shah Dullu 5 0.62 0.25 1.26 0.73 0.30 0.90

5. Lasxmi Shah Dullu 5 0.64 0.59 1.52 0.52 0.29 1.61

6. Binod K C Dullu 5 0.72 0.21 1.68 0.65 0.30 1.81

7. Ganesh Singh Bhandari Nagarjung-5 0.57 0.26 1.69 0.71 0.19 1.88

8. Jaya Singh Bhandari Nagarjung-5 0.71 0.16 1.32 0.57 0.29 1.49

9. Laxman Chand Nagarjung-5 0.58 0.30 1.59 0.53 0.30 1.43

10. Mani Ram Bhandari Nigali-5 0.59 0.36 1.98 0.58 0.31 1.53

11. Chhatra Saud Nigali-5 0.63 0.21 1.59 0.52 0.29 1.61

12 Gauri Lal Saud Nigali-5 0.64 0.31 2.46 0.53 0.60 1.73

Mean 0.62 0.32 1.67 0.58 0.31 1.57

SD 0.049 0.110 0.329 0.075 0.098 0.250

Conclusion
Citrus cultivation in SPP was found very primitive and traditional with tremendous scope to 
increase productivity through dissemination of improved production technology. On the basis 
of survey, citrus growing areas ranges on 1150-1550 masl. Farmers of the selected sites do 
not apply any chemical fertilizer in the citrus orchard and they apply compost if it is left after 
applying to cereals. Compost making techniques is more traditional and quality of the compost 
is also poor. Upland rice or maize (rainy season) and wheat (winter season) are commonly 
intercropped in the orchards. The intensity of fruit drop is 35 to 180 kg depending on the size 
of the orchard and economic losses is 39.3%.  The nutritional status in the soil is recorded in 
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satisfactory level but poor nitrogen level was found in the leaf. Powdery mildew and root rot 
were two major fungal disease found in all districts. These diseases will assess to fruit drop. 
Green sting bug is the serious problem in most of the survey sites and major insect causing 
citrus fruit drop but none of the farmers were found applying any measure (local/ scientific) 
to control the insect. 
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Introduction
Citrus is the main fruit crops in the world. The commonly cultivated citrus are sweet oranges, 
mandarin oranges, grapefruit, pomelo and the soft-grouped lemons and limes (Saunt, 1990). 
They are the precious resource of phytochemicals which are beneficial for the human body as 
vital bioactive medicines. Mandarin orange ranks the first followed by sweet orange and acid 
lime in term of area coverage and fruit production in Nepal, which shares more than two-third 
of the total citrus production in the country (MoALD, 2022), but productivity is low (<10 
mt/ha) as compared to USA (>30 mt/ha) (Pun et al., 2015). Among the constraints in orange 
orchard faced by farmers, insect pest has ranked the first in Nepal (Chhetri et al., 2021). 
Nearly 87 species of insects are considered to be major pests of citrus worldwide (Ebeling, 
1959) and about 250 insect and mite species have been reported infesting different species of 
citrus in India, of which, nearly 12 species are important (Singh et al., 2021). Citrus industry 
suffers 25% yield loss due to ravages of insect pests (Dhawan et al., 2013). Thapa et al. (1986) 
reported major citrus insect pests from Nepal. The arthropod pests are classified broadly into 
three categories based on their feeding and causing injuries, such as fruit feeders, sap feeders 
and disease vectors. The systematics of major insect pests, and their active period for incidence 
and damage in field orchard are presented in Table 1a-c. Package of practices (Kaini, 2013) and 
eco-friendly management of insect pests (Thapa, 2010; 2021) in citrus orchards are necessary 
for heathy fruit production and higher productivity.

Keywords: Mandarin orange, Infect, Pest, Vectors, Management.

Mandarin Orange Insect Pests Management

Resham B Thapa*

Institute of Agriculture and Animal Science, Tribhuvan University, Kirtipur, Kathmandu
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Abstract 

Citrus is the main fruit crop in the world, which is reported to suffer from about 250 insect and 
mite pest species. They are classified broadly into three categories based on their injuries e.g. 
fruit feeders, sap feeders, and disease vectors, which seriously attack in citrus orchards. Mandarin 
orange ranks the first in term of area coverage and production in Nepal, while, it suffers significant 
loss due to insect pests and diseases. If timely orchard management are not practiced, heavy 
damage and drop of fruit occurs including disease vectors spread to new orchards. Therefore, 
studies on insect incidence, damage symptoms, life cycle and ecofriendly measures are crucial 
for pest control, high quality fruit production, biodiversity conservation, ecological balance and 
healthy orchard management. 
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Marks of identification, damage symptoms and life cycle
Agriculture employs 2/3rd of work force and contributes to 24.1% of national GDP. Nepal has 
experienced steady increases in agricultural productivity over the last few decades. However, it is 
not satisfactory as compared to many other countries (Pun et al, 2015). Study reveals that different 
factors are associated for low production and.  productivity of mandarin orange in Nepal (Chhetri et 
al., 2021). Among them, visible damage caused by insects ranks the first, and therefore, studies are 
essential for identifying major insect pests, realizing their visual damage symptoms and learning life 
cycle in detail for designing effective management strategy in fruit orchards. According to Sreedevi 
(2010), citrus leaf miner (Phyllocnistis citrella Stainton) and lemon butterfly (Papilo demoleus 
Lin.) are common insects in a citrus plant. Sucking pests, such as aphid (Toxoptera citricida and T. 
citricidus Kirkaldy) is an efficient vector of citrus tristeza virus. Blackfly (Aleurocanthus woglumi 
Ashby), mealybug (Planococcus citri Risso) and citrus psylla (Diaphorina citri Kuwayama) 
are also important citrus pests. Citrus psylla act as vector transmitting pathological bacterium 
Candidatus Liberibacter asiaticus to cause greening or Huanglongbing disease of citrus. Many of 
the insects have been described and control measures suggested (Thapa et al., 1986). The major 
insect pests, their identification, damage symptoms and life cycles are described in Table 2a-c. 

Table 2a. Mark of identification, damage symptom and life cycle of major fruit/leaf feeders 
of mandarin orange

Common 
name

Scientific 
name Identification Damage symptom Life cycle

Fruit flies

B. minax 

B. dorsalis

Adult B. minax is the large 
wasp like fly with yellow 
notopleura & postpronotal 
lobes, while B. dorsalis are 
small with mostly black 
thorax and dark T-dhaped 
marking on abdomen. 
Maggot is a shiny white 
bodied legless larva tapering 
at one end.

Attacks fruits & the symp-
toms include black and 
brown lesions on the fruit. 
Maggots feed on pulp inter-
nally and cause fruit drop. 
Fruit infestation by the pest 
is 4-100%. 

B. minax is univoltine. Adults emerge in 
April and survive for 1-3 months. They feed 
on protein foods & sexually mature. Female 
lays 50-200 eggs in young fruits (2-4 cm di-
ameter) 2 weeks after mating. After hatching 
maggots feed inside the fruits until maturity. 

B. dorsalis is multivoltine. Female inserts 2 
to 15 eggs into the rind of the fruit. About 
200 eggs are laid in a month which hatch in 
about 2 -3 days in summer and 10 days in 
winter. Maggots take 16 to 29 days for its full 
growth. Adults emerge out after 6 to 14 days. 

Citrus leaf 
miner

P. citrella
The full grown larvae are 
5.1 mm long cylindrical, 
apodous, with light brown 
well developed mandibles. 
Adult is tiny moth 4.2 mm 
across the wings. Forewings 
have brown stripes and black 
spots near apical margin. 
Wings are fringed. 

The pest is severely active 
year-round. Larva mines 
under surface of the leaf 
in a zigzag manner. Leaves 
are discolored, wrinkled 
with serpentine silvery 
mines on the lower surface 
of leaves. Nursery is se-
verely affected. It encour-
ages the incidence of citrus 
canker. 

Female moth lays minute flatten transparent 
eggs singally near the midrib. Incubation 
lasts 2-10 days. Larvae are mature within a 
month, spin white cocoon and pupate inside. 
The pupal period is 5-25 days and complete 
a life cycle in 2-8 weeks with overlapping 
generations. 

Lemon 
butterfly

P. demoleus Young larva resembles bird 
dropping. Grown up larva is 
cylindrical, stout, green and 
brown lateral bond. Adult is 
dark brown swallowtail with 
numerous yellow marking. 

The pest is active throughout 
the year. Larva feeds vora-
ciously on light green tender 
leaves leaving only the mid-
ribs and defoliate entire tree 
in severe damaging condition.

Butterfly emerge in March from hibernating 
pupae. The female lays 76-120 eggs within 2-5 
days which hatch within a week. The larvae feed 
voraciously and mature in 1-4 weeks influenced 
by seasons. Pupal duration lasts 9-11 days. 
There are 4-5 overlapping generations a year.
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Table 2b. Mark of identification, damage symptom and life cycle of major sap feeders of 
mandarin orange

Common 
name Scientific name Identification Damage symptom Life cycle

Spined fruit 
bug

R.  poseidon

  

Adults are large green 
shield shaped true bugs 
with laterally pointed 
pronotum. 

Nymphs and adults damage 
new shoots, leaves and fruits 
by sucking. As result, 80-
90% fruits drop-off the tree.

Adult female lays eggs on lower 
surface of leaf in April which hatch 
within a week. The nymphs suck sap 
from new foliage and fruits and ma-
ture in 6-7 weeks. The pest has two 
generation a year.

Citrus blackfly 

A. woglumi The nymphs are scale 
like shiny black, spiny 
and flattened, oval in 
shape. The adult fly is 
dark orange with smoky 
wings, forewings having 
four whitish area of ir-
regular shape and wings 
extending beyond the tip 
of the abdomen. 

Suck cell sap from the 
leaves, and leaves fall-off. 
Honeydew & sooty mold 
fungus affect the photo-
synthetic activity of leaves 
resulting in few blossoms, 
premature fall of buds, and 
fruits. 

Female lays 15-20 eggs in a clus-
ter which are yellowish brown oval 
shaped eggs arranged in a spiral 
on leaves. Incubation period is 1-2 
weeks. There are 4 nymphal instars 
completing in 6-8 weeks and pupal 
period lasting 15-18 weeks. It has 2 
generation a year.

Citrus whitefly 

D. citri

Pest is active through-
out the year. Nymph is 
pale yellow with purple 
eyes and body margin-
ally fringed with bris-
tles. Adult measures 
1.02-1.52mm long and 
wings more than twice 
the length of body. 
Both wings and bodies 
are covered with white 
waxy powder.

Nymph and adult suck cell 
sap, which results in curling 
and fall of leaves. They pro-
duce honeydew and sooty 
mold develops interfering 
plant photosynthetic activity, 
and produce few flowers. If 
fruits formed they are insip-
id.

Female lays up to 2000 oval, pale, 
yellow eggs on lower side of leaves 
in her life time of 7-10 days. Incuba-
tion period is 10-20 days. Nymphs 
are full fed in 25-71 days and turn 
into pupae which last 4- months in 
extreme weather condition. There are 
three generation a year. 

Mealy bugs

P. citri
Nymphs are ambar with 
white waxy coating and 
filamnts. Adult female is 
wingless with flattened 
body and short waxy 
filaments along the 
margin. Male is winged-
midge like with long 
antennae and no mouth 
parts.

Nymphs and adults suck the 
sap from tender branches 
and fruits.

Honeydew and sooty mold 
fungus affect physiological 
activity of plants, as a result 
affected plant parts wilt & 
dry up.

Female lays eggs in protective cot-
tony mass (about 300 eggs/mass), 
which hatch in 10-20 days. 

Nymphs fully mature in 6-8 weeks. 
Male nymphs spin cotton like co-
coons 2-3 weeks after hatching, pu-
pate inside and emerge as adults. 

Fruit sucking 
moth

E. fullonia 

E.materna

The matured larva is 
stout (50-60mm long) 
with a dorsal hump on 
the last body segment. 
Larva orange blue and 
yellow spots on velvety 
dark speckled on the 
body.  Moths are also 
large with stout body 
and prominent palpi and 
orange color wing.

The moths are nocturnal, 
pierce the fruit and suck 
juice. Fruits are rotten and 
drop. Losses is up to 100%. 

Female moth lays round translucent 
eggs measuring about 1mm diame-
ter in wild plants. Incubation lasts 2 
weeks and full grown larva in 4 week 
after passing through 5 instars. The 
pupal period lasts about 2 weeks.
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Table 2c. Mark of identification, damage symptom and life cycle of major disease vectors of 
mandarin orange

Common 
name

Scientific 
name Identification Damage symptom Life cycle

Asian citrus 
psyllid

D. citri

The nymphs are flat orange 
yellow color and louse like 
appearance. The adult is 
brown with its head light 
brown and pointed. The 
adult measure 3 mm in 
length. Wings are transpar-
ent with white spots and 
longitudinal band. 

The pest is active through the 
year & cause 50-70% yield 
loss of fruits. Nymph & adult 
suck sap and release toxic sa-
liva. It secrets honeydew & de-
velops sooty molds. Affected 
plant parts dry and die. It trans-
mits Huanglongbing disease 
(citrus greening). 

Female can lay > 800 almond shaped 
orange color eggs which measure 0.31 
mm long and 0.14 mm wide. Incuba-
tion lasts 10-20 days in winter & 4-6 
days in summer. There are 5 nymphal 
instars lasting about 2 weeks from April 
to September. Life cycle completes in 
about 3 weeks with over 8 generation 
a year. 

Black & 
brown citrus 
aphid

T. citricida

T. aurantii

   

Nymphs are shiny black, 
grey or reddish brown. 
Winged adult female is 
about 1.1-2.6 mm long 
with black siphuculi and 
cauda. Apterous female 
is about 1.5 -2.8 mm long 
with black siphuculi and 
cauda. 

Suck sap from tender foliage 
and flowers and results in cup 
shaped and crinkled leaves, 
also cause wilting and flower 
dropping. It transmit tristeza 
virus disease.

Black aphid can give many offspring in 
a day. In 2-3 weeks life time, produce 
many young ones. After passing 4 in-
stars in 16 days they turn in to adults, 
completing a life cycle in 3 weeks with 
up to 12 generations a year. 

The brown aphid gives average 58 off-
spring, which mature in 6-8 days and 
longevity is 28.4 days at 200 C.

Integrated management
The affected mandarin orange orchards should be rejuvenated by undertaking integrated 
pest management (IPM) program. According to Geedi and Reddy (2023), recently the IPM 
programs for managing problems caused by nuisance arthropods emphasize the adoption of 
cultural, mechanical, biological, and chemical management as shown in Figure 1. Research, 
review and field activities have been started in line to IPM in Nepal, however, their field 
applications is not satisfactory due to various reasons (Thapa, 2010; Thapa, 2021).

Figure 1. Schematic diagram of IPM (Geedi and Reddy, 2023); Black arrows indicate different strategies 
(physical, mechanical, chemical, cultural and biological controls) associated with IPM modules. The grey arrows 
represent agronomic practices, resistant genotype, and regulatory mechanisms interconnected with IPM.
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Monitoring, recording data, evaluating pest damage and cost effective eco-friendly management 
measures are necessary to reduce loss below economic threshold level (ETL). This could 
change based on the prevailing weather, orchard stage, geographical domains and other biotic 
factors. Integration of relevant eco-friendly practices are outlined for healthy management 
and quality fruit production. ETL is available for few insect pests only. In this situation, 
control decisions should be made objectively based on the evidence of damage and estimate 
of potential crop damage compared to the cost of applying management measures.

Eco-friendly management practices are useful for conservation of biodiversity and pollinators, 
which provide ecological balance and services to sustainability (Thapa, 2013). Monitoring is 
the initial step to identify pests in the orchard. Fruit flies are important insect pests of citrus 
and their monitoring using different types of attractive traps are presented in Table 3. Based 
on the problems identified in citrus orchards, the causes of fruit drops and their remedial 
measures are given in Table 4. The area-wide control program of Chinese citrus fly in Junar 
(sweet orange) orchard has been very effective in Nepal (Adhikari et al., 2020). Similarly, 
there is necessary to develop monitoring techniques, collect insect pests with their proper 
identification and level of infestation in fruit orchards for devising effective measures. 

Table 3. Fruit fly monitoring in mandarin orange orchard

SN Common 
name Scientific name Identification Host crops Attracted 

on

1 Oriental fruit 
fly

Bactrocera  
dorsalis (Hendel)

Thorax black with 2 yellow lines, 
Abdomen light black

Mango, 
Papaya, Guava

Methyl 
Eugenol

2 3-striped fruit 
fly

Bactrocera diversa 
(Coquillett)

Thorax black with 3 yellow 
lines, abdomen light black, wing 
transparent

Cucurbits 
mainly 

Methyl 
Eugenol

3 Peach fruit fly Bactrocera zonata 
(Saunders)

Thorax & abdomen reddish 
brown 

Peach, Papaya, 
Litchi

Methyl 
Eugenol

4 Melon fruit fly
Bactrocera 
cucurbitae 
(Coquillett)

Bright yellow line in thorax & 
wing tip spot & wing middle 
black line

Guava, Papaya Cue-lure

5 Bactrocera tau 
(Walker)

Thorax  & abdomen  black  
without middle black line in wing Cucurbits Cue-lure

6 Bactrocera 
scutellaris (Bezzi)

Thorax & Abdomen black with 
shiny yellow lines in thorax Cucurbits Cue-lure

7 Bactrocera  
yoshimotoi (Hardy) Very small Cue-lure

8 Chinese fruit 
fly

Bactrocera minax 
(Enderlein)

Very big & like wasp, Wing tip 
black spot, thorax & abdomen 
constricted to some extent

Citrus GREAT 
fruit fly bait

9 Solanaceous 
fruit fly

Bactrocera latifrons 
(Hendel)

Abdomen more brown, wing tip 
black spot

Solanaceous 
plant Lati-lure

Source: Adhikari (2017/018) 
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Table 4. Causes of citrus fruit drop and their solutions
SN Causes Time Solutions

1 Natural drop
March-April
(Chaitra-Baisakh)

Auxin (Spray 2,4 –D @ 15-20 ppm at flowering time

2 Irrigation
February-June
(Falhun-Asadha)

Irrigation and mulching

3

Diseases: Pow-
dery mildew, 
Stem & rot 
anthracnose

February-August
(Falhun-Bhadra)

Apply sulfur containing fungicides, like Insuf or Sufos @ 2.5 
ml /litre of water at 15 days interval
Apply 1% Bordeaux mixture at 15 days interval

4
Insects: Spined 
fruit bug, Fruit 
fly 

March-August
(Chaitra-Asadha)

Spray Rogor  or Phoskill @ 2 ml /litre of water in 1st and 2nd 
nymph stage (June-July) at 15 days interval. 
Collect damaged fruits & burry in the pit 2 feet below the soil 
surface.
Follow IPM technique, i.e. identification, male in annihila-
tion, sanitation & protein bait spot spray.

5 Nutrition
April-June
(Baisakh-Asadha)

Apply sufficient amount of compost & follow foliar applica-
tion of micro nutrient regularly 

Source: Shrestha and Chaudhary (2010)

Various technologies have been developed for area-wide control pests in citrus. IPM programs 
targeting Bactrocera species included the Regional Fruit Fly Project in the Pacific that targeted 
Bactrocera fruit flies in Pacific Island Countries and Territories and the Hawaii Area-Wide IPM 
program (HAWPM), implemented over a 10-year period in Hawaii.  The IPM components of 
insect pests of citrus orchard are outlined as follows: 

1. Healthy sapling production and planting (producing saplings in healthy environment), 

2. Field sanitation (collection & destruction of dropped fruits),

3. Fruit bagging  in kitchen gardens (in small scale),

4. Soil health for citrus orchard (soil treatment with Trichoderma viride Pers.),

5. Ethrel or hormonal spraying to force citrus fruit falling prematurely,

6. Conservation of bioagents (predators and parasitoids of pests) for reducing use of pesticide 
and conserving biocontrol agents,

7. Identification and diagnosis of pests and loss (due to insect pests and diseases), 

8. Prevention of insect vectors (use of nets in nursery and selective measures in orchards), 

9. Pest monitoring in orchard (use of yellow sticky, pheromone, light traps etc.),

10. Area-wide spot spray and trapping of insect pests, 

11. Application of neem products in orchard (Azadirachtin NSKE 5% 50g/L). Botanicals 
use-NSKE 5%, Nimbecidine (2ml/L water) Neem gold (2 ml/ L water), Achook (2 ml/L 
water), Neem oil 3%, 
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12. Insect growth regulators-cuticle based (novaluron 10EC 1.5 ml/L, buprofezin 25 EC 1.5 
ml/L), chemical based (pyriproxyfen, fenoxycarb), and spray of microorganism derived 
sipnosad (Tracer 45EC 3 ml/L), emabectin benzoate 5 EC 1 ml/L,  

13. Cue-lure saturated (ethanol: cue-lure: spinosad = 8:1:2) trap, molasses (10%) based bait 
spray 250 spots/ha at weekly interval,

14. Attractants like citronella oil, eucalyptus oil, acetic acid (vinegar) dextrose and lactic acid 
may be used to trap adult flies.

15. Use of fishmeal trap to attract and kill the flies (For this, take 5 g of wet fishmeal in a (20 
x 15 cm) polythene bag. Make six holes (3 mm dia.) around the periphery of the bag at 
equidistance at about 2 cm from the bottom of the bag. Impregnate an absorbent cotton 
plug with 1 ml of malathion 50EC and keep this also inside the polybag. Suspend such 
fish meal traps at places in the field @ 50 traps/ha. Fishmeal has to be replaced once in 20 
days & pesticide every week),

16. Interspaces ploughing in winter to expose and kill the larvae and pupae of insects,
17. Spraying twice weekly of molasses (10g/L) + malathion 50EC (1 m//L) for trapping & 

killing fruit flies during fruit ripening that this new bait spray formulation containing the 
reduced-risk of pesticide sprays.

18. Annihilation technique using methyl eugenol 0.1 ml + insecticide -0.04% in cotton plug, 
and

19. Spraying of safe chemicals if necessary (use of eco-friendly pesticides when situation 
warrants). 
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Abstract 

Nepal has conducive agro-ecological environment for the cultivation of mandarin orange through 
the mid-hills and the Government of Nepal has been rightly giving priority for the development of 
mandarin orange. There is significant increase both in area coverage and fruit production during 
the last 40-50 years. But the productivity has remained the same which is about 10 ton/ha during 
this period. There are many factors limiting productivity such as poor management practices and 
nutritional deficiencies, but diseases are the main constraints. There are different types of diseases 
caused by viruses, bacteria, fungi, nematodes, and others. Some of the diseases are of minor im-
portance as they do not cause significant damage to mandarin orange but some others cause heavy 
losses to mandarin orange. From our own observations and on the basis of secondary information, 
Huanglongbing, Phytophthora root rot, powdery mildew and scab have been considered most 
important mandarin orange diseases that need to be managed with due priority. Research has been 
carried out by many researchers within Nepal and in other countries. Some general methods of 
controlling mandarin orange diseases common to most of them have been discussed first and then 
specific measures are given for the management of four selected diseases along with basic infor-
mation on pathogen, symptoms, mode of transmission and environment for disease development.

Keywords: Huanglongbing, Phytophthora, Management, Powdery mildew, Pathogen, Scab, Transmission 

Introduction
Mandarin orange (Citrus reticulata Blanco) has been grown in the middle hills of Nepal since 
time immemorial. The mandarin orange fruits of Nepal have a peculiar golden color hence 
have got the name of Suntala. Traditionally, Nepali farmers used to produce seedlings from 
the good quality fruits in their nurseries and transplanted them in their homestead garden. 
They grew a few trees in the homestead garden along with other fruit trees without giving 
much attention to fertilizers, irrigation and orchard management practices. Of course, they 
used to grow them near the pits used for disposal of cow dung and household waste to make 
farmyard manure that leached down the organic matter and enriched the soil with nutrients 
that were good enough for few trees of the homestead garden to produce fruits for many years. 
The production of fruits in this way was sufficient to meet the demand of mandarin orange 
fruits locally. This practice was common throughout the country until the 1960s when the 
government of Nepal realized the potentiality of commercial production of mandarin orange 
and established citrus research stations in Kaski (Pokhara) and Dhankuta (Paripatle). Some 
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more farms and research stations were established during the 1960s and 1970s. Then after 
some citrus development programs and projects were implemented in the country (Paudyal et 
al., 2010). As a result the total area under citrus and the production of fruits have increased by 
almost 20 times since 1975 but the productivity has remained almost the same (Table 1). This 
is mainly due to the widespread of diseases and insect pests.

Table 1. Status of citrus production in Nepal

Year Total 
area(ha) Productive area (ha) Total production   

(ton)
Productivity

(ton/ha)
1974/75 2600 1690 15000 8.9
1984/85 8448 3300 45000 9.0
1994/95 14628 8448 83775 9.82
2004/05 25910 15700 168775 10.75
2014/15 39035 25261 222789 8.82
2020/21 50235 32168 311188 9.67

Source: Annual Report, National Citrus Research Program, Dhankuta (2004) and MoALD (2023)

Methodology 
First of all, a literature survey of research and development activities related to mandarin orange 
diseases in Nepal was done. That included hard copies of published reports, proceedings, 
national and international journals available in the library of Nepal Academy of Science and 
Technology (NAST) and Nepal Agricultural Research Council (NARC). Proceedings of the 
International Organization of Citrus Virologists (IOCV) were studied. Also, search was done 
on websites. The collected information was studied, analyzed, and synthesized with citations. 
Since the author has a long experience in research of citrus diseases and has visited most of 
the citrus orchards throughout the country, personal observations and experiences also have 
been included in this paper.   

Mandarin orange diseases prevalent in Nepal
Different groups of pathogens (viroid, virus, bacteria and fungi) cause different diseases 
in mandarin orange (Table 2). Some of the diseases are severe and cause heavy damage to 
mandarin orange while some others have insignificant damage. 

There are two types of diseases-systemic and localized. Systemic diseases such as 
Huanglongbing and tristeza are graft transmissible and also transmitted by insect vectors and 
human activities, while localized diseases such as powdery mildew and scab are spread by rain 
water droplets or by air and do not need any insect vectors. Phytophthora root rot is a serious 
soil borne disease. Only preventive measures are effective against the systemic diseases while 
for localized ones both preventive and therapeutic measures are equally practicable.
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Table 2. Pathogens causing different diseases on mandarin orange in Nepal
Group of 
pathogen

Name of 
pathogen Disease caused Means of 

transmission
Damage 
caused Remarks

Viroid Citrus exocortis 
viroid (CEVd) Citrus exocortis Graft Not significant 

Found only two 
trees in  Dhankuta 
farm

Virus Citrus tristeza 
virus (CTV) Citrus tristeza

Graft, 
aphids(Toxoptera 
citri and 
Toxoptera 
aurantii)

Not significant

Local mandarin 
oranges are 
tolerant to the 
existing strain of 
CTV

Bacteria
Candidatus 
Liberibacter 
asiaticus

Huanglongbing 
(citrus greening)

Graft, psyllids  
(Diaphorina citri)

Mass decline 
of the trees

Spreads very fast 
and causes  citrus 
decline

Fungi Phytophthora spp. 
Root rot, foot 
rot, gummosis, 
brown rot 

Soil borne, 
seedlings, 
irrigation water

Mass decline  
of the trees

The pathogen 
enters through the 
injuries in the roots 

Fungi
Oidium 
(Acrosporium) 
tingitaninum

Powdery mildew Air borne, rain 
drops

Severe in the 
wet and warm 
areas

Spreads very fast

Fungi Elsinoë fawcetti Scab Air borne, rain 
drops Severe 

Limited within 
Panauti area of 
Kavrepalanchok

Fungi
Erythricium 
(Pellicularia) 
salmonicolor

Pink disease Air, rain drops, 
agricultural tools

Affects twigs 
and branches

In warm and humid 
area and season

Fungi Septobasidium 
pseudopedicellatum Felt disease Air, rain drops, 

agricultural tools
 Surficial on 
twigs.

In warm and humid 
area and season

Fungi Diaporthe citri Melanose
Air, rain drops, 
agricultural tools, 
rotted twigs

Damages 
young fruits

In warm and humid 
area and season

Fungi Mycosphaerella 
citri Greasy spot Air, rain drops, 

fallen leaves
Damages leaves 
and causes leaf 
drop

In warm and humid 
area and season

Fungi Capnodium citri Sooty mold Air, rain drops, 
fallen leaves Only surficial In abandoned 

orchards

Measures for managing major diseases of citrus have been developed and recommended by the 
Government of Nepal. The Department of Agriculture with the support of FAO-TCP project 
in 2011 has produced a “Training Manual for Combating Citrus Decline Problem in Nepal”, 
describing major problems and calendar of operations for their management in detail (DoA, 
2011). More recently, Acharya and Adhikari (2022) have outlined the role of Government at 
central, provincial and local level as well as of research and educational institutions and other 
development agencies such as NGOs and INGOs to combat the major disease HLB.  

The preventive measures for disease management should be aimed at eradication of source of 
infection and abruption of the path of transmission. There are general measures of management 
for almost all major diseases and specific measures for specific diseases. 
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General measures for the management of mandarin orange diseases

Quarantine
Both the external and internal quarantine must be strictly maintained while introducing/transporting 
citrus sapling or bud woods. The external quarantine is important to avoid introduction of new 
pathogens or new strains of existing pathogens from abroad while internal quarantine is to prevent 
spread of certain pathogens from one area to another within the country. Scab of mandarin orange 
is limited within Panauti area of Kavrepalanchok so far, if internal quarantine is not maintained 
strictly this disease may spread to other areas and cause heavy damage to mandarin oranges. 
Similarly, transportation of planting materials should be prohibited from HLB infected areas to 
other areas until and unless they are certified after proper inspection and testing.  

Production of good quality saplings
At present in Nepal, there are four types of nurseries producing mandarin orange saplings: 
a) Open field producing saplings on land, b) Open field producing grafted plants on land, c) 
Screen house/plastic tunnel producing seedlings in poly bags, and d) Screen house nurseries 
producing grafted plants in polybags. Regmi et al. (2009) recommended a screen house system 
to produce quality citrus/mandarin orange saplings that was effective for producing good 
and disease-free saplings, which also started fruiting as early as 2.5 years after plantation. 
Consequently, the government has set the norm for the construction of such screen house 
citrus nurseries. This system has to be strictly adopted. For this purpose, the government 
should provide necessary technical support for improving/building the screen house nurseries 
on following aspects:

Rootstock seeds- Trifoliate orange (Poncirus trifoliata) is the suitable rootstock recommended 
by National Citrus Research Program (NCRP) of NARC. Only this rootstock should be used 
in the agro-climatic conditions of our country. However, nursery growers are having problems 
of availing enough seeds. Therefore, the government has to encourage them to grow a few 
trifoliate trees so that they will be able to fulfil their requirements. Rootstock seeds are free 
of HLB, CTV or any other systemic diseases. Multiplication of root stock by tissue culture is 
expensive and should not be encouraged at all.

Preparation of mixture - Generally used soil mixture in citrus nurseries in the country is 
common soil. Sometimes sand 25% and peat 25% (if available) is added. In such media 
the rootstock seedlings do not gain proper height for grafting even after two years. Hence 
grafting is performed at 2-5 cm above the soil. Such grafted plants do not meet the purpose 
of preventing them from Phytophthora in the field. Therefore, a proper soil mixture has to 
be used to enhance the growth of the rootstock so that they could gain the size for grafting 
within the stipulated time of 1.5 year. Regmi and Shrestha (2001) conducted research on 
different media and found that the media consisting of 50% forest soil and 50% sand and use 
of chemical fertilizers as required was most suitable for raising seedlings in a screen house 
system. The rootstock seedlings gained a height of 33.5 cm within a year. This media should 
be used in the citrus nurseries.
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Selection of disease free mother plants - The most important part of producing quality 
saplings is the use of disease free scions. For this purpose, healthy trees are selected as mother 
plants after the evaluation of their age, appearance and shape of the crown, characteristics 
of fruits and scions. Technicians and horticulturists must guide in this process. To confirm 
that the mother plant is disease free, it must be tested regularly for HLB by PCR or other 
sensitive methods in NAST, NCRP or other designated laboratories. If some of the high 
quality mother plants are found HLB-infected they can be made disease free by using shoot 
tip grafting in vitro (STG) technique developed by Navarr (1980) and adopted by Regmi and 
Shrestha (1992). Such clean mother plants must be maintained in the screen house system. It 
is a part of the bud wood certification. STG is used in the introduction of bud woods/plants 
from abroad.

Grafting/Budding - Grafting is in common practice in Nepal to produce mandarin orange 
saplings, but scions which is to be grafted must have minimum three buds and has chance to 
get infected by pathogens if somehow they are present in the collected scions. Therefore, it is 
strongly recommended to replace grafting by inverted T-budding that requires only one bud 
and has 100% success. 

Size of rootstock- Overall height of the rootstock seedlings should be minimum 35-40 cm and 
the diameter of the seedling at the point of budding should reach the size of a pencil (minimum 
5 mm in diameter) and the bark could be easily separated. Generally the grafting is performed 
at 5-8 cm in our nurseries that does not meet the requirement of preventing Phytophthora in 
the orchard so it is highly recommended that the grafting should be carried out at the height 
15- 18 cm above the soil surface. When the grafted plants reach the height of minimum 50 cm 
they are ready for transplantation in the field.

Good cultivation practices - The grafted plants should be grown in polybags under the 
screen house system maintaining all the required environmental conditions such as irrigation, 
fertilizer and regulation of temperature and humidity regime. 

Good cultivation practices include the steps starting from plantation, weeding, use of fertilizers, 
fungicides and pesticides, pruning and harvesting. The training manual for combating citrus 
decline problem in Nepal, prepared by the FAO-TCP project in 2011, has recommended a 
calendar of operations to be followed for citrus (DoA, 2011). These recommendations should 
be strictly followed and carried out in time.

Specific measures for the management of important mandarin orange diseases 
It is important to have knowledge about the symptoms, pathogen, transmission, distribution 
and diagnosis of the disease that has to be managed. In our observations HLB, Phytophthora,  
and powdery mildew are main diseases of mandarin orange in the country. Therefore, some 
descriptions of these diseases are given along with the recommendations related to specific 
measures for their management.
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Huanglongbing (HLB)  
The disease has been known by different names in different countries such as Huanglongbing 
(China), citrus greening disease (South Africa, Nepal), leaf mottling (Philippines), likubin 
(Taiwan), citrus die back (India), etc. In 1995, the 13th Conference of International Organization 
of Citrus Virologists (IOCV) held in Fuzhou, China and participated by more than 300 
scientists from different countries across the world passed a resolution that the disease should 
be called Huanglongbing in honour to scientist Lin who demonstrated the infectious nature 
and described the disease for the first time in 1950 by this name. It was also agreed that HLB 
should be used for abbreviation.

Symptoms - Visual leaf symptoms appear from the apical part of the tree. In the beginning, 
yellow shoots appear in certain branches of the tree and they develop leaves with mottling and 
blotchy mottle symptoms and spreads to other branches also. When the trees are moderately 
affected they may show defoliation and twig die back. The slightly affected trees develop 
yellowing very fast and within 2-3 years whole tree or even orchard looks yellow. When the 
trees get severely damaged trees have open growth, stunting, twig die back, sparse foliage, 
and severe leaf and fruit drops. However, infected trees do not die themselves until they are 
attacked by other pests, symptomatic fruits are small, asymmetric and lopsided with bent axis. 
If we cut the fruit some aborted seeds can be seen (Bove, 2006).

Distribution – Knorr et al. (1971) carried out survey of different citrus orchards, collected 
leaf samples from declined trees, conducted TLC test and confirmed that 39-55% of mandarin 
orange trees were infected with HLB. Regmi (1982) reported more than 50% HLB-infected 
trees in the survey areas of Pokhara valley and 100% in Citrus Research sub-station, Pokhara. 
Citrus decline in several orchards of Kaski, Tanahu, Lamjung, Dhading and Syangja are caused 
by this disease and it is spreading very fast to other areas also (Regmi et al., 2009) causing 
heavy damage to mandarin orange cultivation. Extent of damages can be seen by historical 
situation of mandarin orange in the Horticulture Research Station, Malepatan Pokhara. Just 
after the establishment of the station, large number of citrus including mandarin orange were 
planted during 1960/61 and almost whole plantation declined after 7-8 years. Second plantation 
was made during 1970/71 and got destroyed after 7-8 years. The third attempt was made 
during 1980/81, and the fourth plantation carried out in the form of management trails only. 
Each time it was considered that the decline was caused by nutritional deficiencies without 
recognizing the role of HLB despite the scientific evidences of its existence. Large number 
of mandarin orange trees were destroyed in Udipur of Lamjung, Bimalnagar and Bandipur of 
Tanahun, Syadul of Dhading, Bharat Pokhari of Kaski, where HLB was somehow introduced 
and the vector D. citri thrived.

Pathogen -  After proving the graft and vector transmissible nature of the causal agent, scientists 
considered the pathogen as a virus and then after mycoplasma-like-organism (MLO). After 
studying the membrane of cell wall of the pathogen under electron microscope, a team of J. M. 
Bove proved it as a gram negative bacteria that cannot be cultured. Hence a prefix Candidatus 
is added. It is a phloem-limited Gram negative, non culturable bacterium designated as 
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Candidatus Liberibacter. There are three strains - Ca. L. africanus, Ca. L. americanus and 
Ca. L. asiaticus prevalent in respective continents (Jagoueix et al., 1994).  Only Candidatus 
Liberibacter asiaticus has been recorded in Nepal (Regmi et al,, 1996).

Transmission – The pathogen is both graft- and vector-transmitted. If the scion is taken from 
HLB-infected mother plants and grafted on even healthy rootstock the disease is transmitted 
to new orchards from nurseries. It serves as the important means of transmission.

Capoor et al. (1967) proved that Asian citrus psylla Diaphorina citri is the HLB vector; 
immediately after this finding, Catling (1968) reported it from Pokhara valley. It might have 
as much as 11 generations within a year in Pokhara conditions with maximum peaks of 188/10 
twigs during May, June and July before monsoon (Regmi and Lama 1988). The host plants of 
the vector are limited to Rutaceae family only. The preferential hosts are lime, lemon, murraya, 
mandarin orange and sweet orange (Lama et al., 1988).Two parasites Tamaraxia radiates and 
Diaphoresis alegharensis as well as seven species of coleoptera were identified as predators. 
However, they could not be used for biological control as their hyper parasites were prevalent 
(Lama et al., 1988). Positive correlation between the presence of host plants and population of 
vector and occurrence of HLB has been reported by Regmi in 2014. 

Diagnosis - Development of quick, easier and reliable diagnosis method of HLB has undergone 
through a long way in different countries. Thin layer chromatography (TLC), biological indexing 
(use of indicator plants), DNA-DNA hybridization and monoclonal antibody techniques were 
applied to detect HLB for many years until the PCR technique was developed by Kerry Mollis 
on the basis of which the laboratory of INRA, Bordeaux, France, developed the first sets of 
16SrDNA based on primers (O11/O12c and OA1/012c) designed specifically for conventional 
PCR to detect Ca. La. aisaticus and Ca. La. africanus (Jagoueix et al., 1996). Soon after this, 
a PCR Laboratory was established at NAST with the support of Prof. J. M. Bove and French 
Government in 2003 and PCR tests on HLB were carried out in the same year (Shrestha et al, 
2003). The PCR laboratory of NAST has tested 1373 citrus samples from 28 districts of the 
country during 2003-2010. The laboratory is still continuing to test HLB in the samples sent 
by NCFD, NCRP and others.

Measures for HLB management
HLB is a systemic disease. It means once the plant is infected the infection remains throughout 
the tree life. It is mainly transmitted in the nursery through infected scions and in the orchard 
by vector D. citri. There is no chemical treatment for HLB. All the varieties and cultivars of 
mandarin orange have been found susceptible to HLB. Some attempts are being made for 
developing HLB-resistant citrus varieties in the USA but it is not likely applicable in Nepal 
very soon. Therefore, only the preventive measures are feasible. There are use of disease free 
saplings and proper management of vector, D. citri.

Production of grafted saplings in screen house system - Use of certified budwood/scion 
under  screenhouse nursery for grafted saplings is one of the best methods to prevent the 
spread of the disease. Attempts are being made to produce grafted mandarin orange saplings 
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in polybags under the screen house system. Such saplings produced from certified bud woods 
are free of HLB. It prevents the spread of HLB within the nursery and in new areas and new 
plantations from the nursery.

Control of vector - In the areas where the sources of infection are present and the vector 
D. citri thrives, it takes no time to spread the disease throughout the orchard. Therefore, the 
establishment of new orchard using only certified grafted saplings grown under screen house 
system becomes worthless in vector infested area. In such cases, the measures should be 
oriented towards the effective control of the vector. The control of vector includes (i) regular 
monitoring, (ii) removal of host plants, and (iii) biological and chemical control.

(i) A regular monitoring is important for the determination of distribution of D. citri in different 
areas and spatial distribution with regards to altitude. It helps to decide which measure should 
be applied to reduce the population or prevent spread to new areas. The locations such as 
Pokhara, Udipur, Mugling, Bimal Nagar and several others with similar altitude are full of D. 
citri and special care should be taken in establishing mandarin orange orchards.

(ii) The host plants of D. citri belong to Rutaceae family only. Preferential alternative hosts 
Murraya pamiculata and Bergera koeinigii (Asare/Banbakaino and Kamini in Nepali) are 
found generally below 1000 m asl. Agriculture technicians and farmers ought to know these 
plants and should remove them at least within 3 km radius from the orchards. 

(iii) Lama et al. (1988) conducted trails on biological control of D. citri by using its parasite 
Tamaraxia radiates, but it was not possible in Nepal as hyper parasites of the latter one were 
thriving throughout the country. Also, there are no predators specific to D. citri. Therefore, 
only chemical insecticides are recommended to effectively control the vector and control HLB 
indirectly.

HLB management methods adopted in other countries
Different countries have developed their own systems of combating HLB. Some examples are 
given below.

Vietnam - Intercropping with guava: The farmers of Mekong Delta of Vietnam have been 
using guava as intercropping in their mandarin orange orchards. With this method they found 
the commercial life of HLB infected orchards extended up to 15 years. It is known that guava 
releases the terpenoid compound that acts as the repellant to citrus psylla  (Gotwald T.R. et 
al 2010).  Guava grows well in warm temperate climate very fast, which could be tried in the 
areas like Bimal Nagar or Mugling. If it works it will be very beneficial to mandarin orange 
production.

Thailand - Living together with HLB: There is a tendency to accept, accommodate and live 
with it in Thailand. The disease destroys the orchards regularly and about 10-15% of the trees 
are found infected. Farmers use citrus cutting as planting materials that produce about 20 t/
ha in 5-8 years and declines to 6.5 t/ha by the 12th year due to HLB. Therefore, they practice 
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replanting new ones in between the gaps and keep on destroying the declined ones throughout 
the production period. The farmers also use chemical to control the D. citri. In this way, 
Thai farmers are living together with HLB making profit from growing and maintaining the 
orchards for 20 years (Roistacher, 1996) 

Brazil and USA - Elimination of infected trees: Survey and surveillance are carried out by 
special inspectors in orchards on regular basis and samples are collected from the trees with 
HLB symptoms and destroyed if they are confirmed after PCR test. It help reduce sources of 
infection in the field to be transmitted by the vector (Bove, 2006).  

South Africa and China – Integrated management: These countries have been adopting 
integrated approach for the control of HLB. That includes planting only certified disease 
free grafted saplings, monitoring of vector and timely application of pesticides to control the 
vector, and removal of infected trees.

Phytophthora disease  
Phytophthora is one of the widely spread diseases in citrus orchards of Nepal. It causes 
damping off, foot rot, gummosis, and brown rot of fruits. The disease was causing serious 
damage of citrus in Spain and South Africa too. Grafting technology was developed almost 
150 years ago since then only the saplings grafted on resistant root stock are used to grow 
citrus in these countries where as in Nepal we are growing mandarin orange of seedling origin 
till today although the grafted plants have proved great impact on withstanding Phytophthora 
in Kavrepalanchok (Regmi et al., 2010)

Pathogens - Phytophthora parasitica, P. citrophthora, and P. hybernalis are the important 
soil borne fungi causing Phytophthora disease in mandarin orange. There are reports that 
Phytophthora parasitica is the main cause of foot and root rot in the country, however, detail 
studies on the pathogens are yet to be carried out (Adhikari et al, 2006).

Symptoms - The symptoms observed in mandarin orange trees are as follows:

(i) Foot rot - It involves rotting of root and main trunk near the soil and disrupts the major 
physiological functions. As a result the trees show yellowing of foliage, poor growth and 
dieback of terminal shoots, leaf drop, twig dieback and ultimately decline and death of the 
tree. First of all, an injury starts on the bark of the trunk or roots near ground. The injury area 
dies and the dead bark becomes firm and later on ruptures with less noticeable gum. It eases 
the entrance of secondary organisms that kill and discolor the wood. This area gets a greater 
lateral expansion and shows foot and root rot. The rotten bark is expanded towards the upper 
side of the trunk and goes deep to the pith and most of the tree branches show decline of 
the tree with yellowing and defoliation of leaves. On root side, fewer number of rootlets are 
formed and the already formed rootlets also have sloughing bark that easily slide off the stake 
by slight pinching pressure. Large root shows frog eye lesions. 

(ii) Gummosis - Gummosis occurs on the parts above the ground. First, the infected area 
dies and remains firm and then exudation of small or large amount of gum comes out. The 
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thin layer of wood gets brown staining. A yellow gummous zone develops at the cambium 
beyond the dead invalid area. Subsequently drying and vertical cracking of bark takes place 
and intensive gumming occurs but it does not remain long as the exudate is water soluble and 
is washed away during raining season.

(iii) Brown rot of fruits - Phytophthora infects fruits causing firm light brown decay. Some 
fruits may develop post-harvest brown rot problem. 

(iv) Damping off - In emerging seedlings Phytophthora causes damping off causing death of 
large number of seedlings.  

Transmission and disease development - Phytophthora species are endemic in the soils 
of citrus orchards and remain in the soils in the form of chlamydospores and oospores and 
hyphae or in the form of sporangia in decayed roots. Infection takes place from the soil through 
injured roots or trunk that are in direct contact with soil. Infection occurs usually by means 
of zoospores which are released when free moisture is abundant. When they meet elongated 
root tips they encyst, germinate and penetrate the roots directly. They also penetrate through 
wounds /injuries on the root or trunk near ground or any part of the shoot. The same cycle is 
repeated again.

The only one measure of preventing infection by Phytophthora is the use of saplings 
grafted on resistant rootstock such as Poncirus trifoliata or and some citranges. Horticulture 
Development Project (HDP/JICA) has rightly recommended the P. trifoliata, which is resistant 
to Phytophthora, suitable for agro climatic conditions of Nepal.  The grafted saplings on P. 
trifoliata rootstock grafted at 15 cm height above ground and grown in screenhouse nursery 
management system and well developed vigor should be used for the establishment of new 
orchards. Such trees are not infected by Phytophthora at all. Cultivation of grafted plants on 
resistant rootstocks has become the simplest method of controlling Phytophthora worldwide.

However, the grafted plants produced without following proper grafting procedure might 
acquire the infection. Also, if the rootstock is buried under the soil while transplanting in the 
field, infection easily occurs. Inarching is in practice to rejuvenate citrus tree. In this case, new 
resistant rootstock seedling is grown near the tree with foot rot or trunk rot symptoms. It is 
then grafted onto the tree above the foot rot lesion. The newly grafted rootstock works for the 
tree. 

The orchards of seedling origin or grafted at low height are damaged most by this disease. In 
such case use of Bordeaux mixture on the crown, Bordeaux pest to treat the wound caused by 
the disease and even painting with this pest has become common practice to rejuvenate the 
tree. This technique was used in Sindhuli district as campaign to control Phytophthora disease 
on sweet orange during 1990s. These techniques are still being used in the country but should 
look at the economic viability.
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Powdery mildew
Powdery mildew occurs on young mandarin orange plants and new flushes grown in humid and 
warm temperature especially at higher altitude areas of the country. This disease is becoming 
serious as it causes heavy defoliation and consequently mass decline of trees. 

Pathogen – A fungus Oidium sp. cause the disease in manadari. Pandey et al. (2006) studied 
the causal organism causing powdery mildew in mandarin orange and identified as O. 
tingitaninum.

Transmission and disease development - The pathogen is transmitted by air and with water 
droplets during rainy season. The fragments of mycelium or conidia are transmitted on the 
surface of newly formed leaves and twigs. During rainy season the pathogen multiplies very 
fast and within few days covers with white patches of mycelia and conidia giving appearance 
covered with white powder. In this way the disease is transmitted from one plant to another 
throughout the rainy summer season. In winter, the white powdery form disappears but the 
infected branch is totally defoliated. The organism winters in the tips of defoliated twigs 
giving them black color. Next year when there is favorable conditions conidia germinate and 
the same cycle is repeated. 

Management - Removal of flush, unnecessary and infected branches, pruning and destruction of 
removed and infected branches by burning during winter are effective for reducing disease inoculum.

Some specific chemicals have been recommended to control the disease in the orchard. 
Karathane (dinocap) at the rate of 2 g per liter of water can be spread at 10-15 days interval. 
The whole crown must be covered with the solution. Similarly 80% wettable sulphur such as 
Sulfex or Insuf can also be sprayed at the same rate.

Scab
This disease is most prevalent in many Asian countries and Australia. In Nepal, it is limited 
to mandarin orange orchards of Panauti, Sunthan and Kushadevi area of Kavrepalanchok so 
far. Scab generally does not effect on yield but has serious effect on the external appearance 
of fruits that reduces marketing value of fresh fruits. According to farmers, they have to sell 
the fruits with scab at 10 -20 Rupees cheaper per kg as compared to healthy looking mandarin 
oranges. 

Pathogen – A fungus Elsinoë fawcettii cause the disease in mandarin orange (Lama, 1976).

Transmission and disease development - Both the air and water droplets can disperse 
conidia of the fungus. They are attached on the surface of young leaves or fruits and germinate 
overnight with dew in dry season where as the conidia are dispersed with rain splashes during 
rainy season.

Symptoms - Irregular scabby spots appear on the surface of leaves and fruits. Colours of the 
spots vary from cream to pale brown in young fruits. The color changes to olive gray as the 
fruits mature.
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Management - Implement domestic quarantine and restrict transfer of any scions or saplings 
from infected area like Panauti to other areas of the country. Keep the orchards clean and burn 
the liters and pruned parts of trees to reduce disease inoculum.

There are no resistant mandarin orange varieties. Rootstocks do not play any role in preventing 
the disease. Fungicides such as carbendazim and Bordeaux mixture are effective to reduce the 
scab infection.
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Abstract 

Huanglongbing (HLB), also known as citrus greening disease has caused havoc on global citrus 
industry including Nepal. Nepal Academy of Science and Technology (NAST) is a leading 
organization that has started Polymerase Chain Reaction (PCR) based test of HLB in Nepal. 
Overtime, the methodologies from sample collection to DNA extraction and PCR have been 
improved substantially, addressing the availability of the financial and technical resources without 
compromising the efficiency and effectiveness of the diagnostic tests. Moreover, the scale of 
testing has been expanded to other central and provincial institutions through continued knowledge 
sharing between laboratories. This paper offers comprehensive information on research trend in 
citrus greening in Nepal and the evolution of PCR based early diagnostics in NAST. Since the first 
report of greening, the organization had officially published from Pokhara valley, the academy 
is playing a pivotal role in advancing our understanding and technical capabilities in order to 
combat its ravaging threats to mandarin orange groves located across different ecological zones 
of Nepal.

Keywords: Citrus greening, PCR, Early diagnosis, Citrus Psylla, Candidatus Liberibacter asiaticus

Background
Citrus greening or Huanglongbing (HLB) is one of the most devastating and widespread 
diseases of citrus, particularly the mandarin orange. This disease is caused by noncultureable, 
gram negative, walled bacteria under Candidatus group (Jagoueix et al. 1994). Globally, 
three pathogens Candidatus liberibacter asiaticus (CLas), Candidatus liberibacter africanus 
(CLaf), and Candidatus liberibacter americanus (CLam) have been attributed to HLB. 
Among these, CLas is the most prevalent and occurs almost globally while CLam is found 
in South America (Brazil) and East Asia (Hunan, China) and CLaf is reported from South 
Africa, middle-east (Saudi Arabia) and few islands in Indian Ocean. HLB disease caused by 
Candidatus liberibacter asiaticus (CLas) is known as Asian Citrus Greening. 
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Citrus greening in English and Huanglongbing (HLB) in Chinese, was a description for its 
typical symptoms i.e yellowing of shoots with partly yellow/green leaves mostly observed 
in spring and fall. Additional symptoms include asymmetrical chlorosis, vein yellowing 
and corking, sour and misshapen fruit with aborted seeds, underdeveloped root system and 
dieback. This disease was suspected to be in existence in India during 1700s (Capoor, 1963) 
however, it was officially reported from South China much later in 1919 (Reinking, 1919). 
As presented by Bove’ (2006), this century old disease and their different forms have invaded 
nearly all citrus orchards of the modern world. 

The Asian citrus greening bacteria are heat tolerant, capable of surviving above 300C. These 
bacteria are naturally carried or spread by the sucking insect vector known as citrus psyllid 
Diaphorina citri (Kuwayama) from tree to tree (McClean and Schwartz, 1970; Bové, 2006). 
HLB is also transmitted through grafting. Studies have shown that natural origin of Asian 
citrus psyllid (ACP) is south western Asia i.e India and from India it was spread to adjoining 
countries including Saudi Arabia, Afghanistan, Pakistan, Nepal, China, Myanmar, Malaysia, 
Indonesia, Philippine etc.  (Beattie et al. 2009). Asian citrus psyllid has invaded south America 
in 1940 and then moved recently to the North America, Central America and African countries 
(Boykin et al. 2012; De León et al. 2011). Naturally distributed another species under Citrus 
family (Rutaceae), locally called Kamini phool (Murraya paniculata) and its congener Murraya 
koenigii are regarded as an alternative host for ACP (RONAST 1988; lves et al. 2014). Despite 
this evidence, several studies found lower bacterial load and less transmission rate of CLas 
to citrus from these hosts (Deng et al. 2007; Lopes et al. 2010). Therefore, detailed study is 
needed in the reported alternate host species present in Nepal.   

Adult ACPs are attracted to colors and volatile signals present in the young leaf flush of 
citrus plants. ACPs feed and oviposit on newly developed leaves. During feeding infected 
citrus psyllid inoculate bacteria in the leaf tissue of healthy tree. Adult ACPs are relatively 
less effective vector for transmitting CLas than nymphs (Pelz-Stelinski et al. 2010). These 
introduced HLB pathogen further induce HLB volatiles that attract more ACPs (NASEM, 
2018). Eggs are laid by ACPs on the young leaf flush and nymphs are developed thus disease 
outbreaks normally happen in late summer and early fall (Husain and Nath, 1927).   

When citrus plants are infested by HLB causing bacteria through vector or grafting (vegetative 
propagation), the pathogen starts to move in the vascular system and colonize phloem sieve 
tubes. Transmission of CLas in different cultivars through grafting as well as ACP varies 
significantly (Lin et al. 2017). Inoculation of CLas also depends on different developmental 
stage of ACP (Hall et al. 2013). Adult ACP requires several hours to acquire CLas from infected 
trees and then transfer to the healthy individual but the process is faster in nymphs (Pelz-
Stelinski et al. 2010). Adult ACP cannot fly long distance; however, wind plays an important 
role in its spread, reaching distance up to 0.5 - 51 km (Aubert and Hua, 1990; Halbert et al. 
2008). 

The most fascinating and at the same time, challenging part of HLB disease is its symptoms 
development and distribution of pathogen in different tissues of individual plant (Li et al. 
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2009). Symptoms  appear mostly in patches within the tree canopy (Louzada et al. 2016), 
some twigs test positive to the bacteria while another twig of other or the same branch may test 
negative (Gottwald et al. 2008). Similarly, initial symptoms were reported in root (Johnson 
et al. 2014). Pathogen shows a uniform distribution in root system than in the above ground 
parts (Louzada et al. 2016). The loss of fibrous roots before typical symptoms appear in above 
ground biomass has been ascribed to phloem blockage in above ground parts, thus limiting 
flow of carbohydrate from leaves to roots (Etxeberria et al., 2009). In contrast, the decay 
of root has also been found to be an adaptive trait of the CLas for maintaining a symbiotic 
relation with soil borne pathogens like Phytophthora spp. (Johnson et al. (2014). Transmission 
of CLas and onset of visual symptoms is also dependent on the cultivar/species of citrus, 
tree age, environmental conditions and health status of the plant (Gottwald, 2007). Visual 
symptoms cannot be seen immediately after inoculation. Studies have found 6 months to 3 
years lag after inoculation in different aged trees to detect visual symptoms (Bove, 2006). 
Besides discrepancies on visual symptoms, directional and spatial variation in the distribution 
and abundance of CLas was found which was chiefly governed by environmental fluctuation 
(temperature, radiation, wind direction etc.) (Louzada et al. 2016).

In the context of above discussed issues in the mode of disease transmission, effectiveness 
of vector in different stages to transmit CLas, patchy distribution of CLas in different type 
of plant tissues, environmental and other factors that determine CLas abundance in different 
plant tissue; time lag between inoculation of bacteria and onset of visual symptoms in the 
plant tissue; Nepal needs an appropriate diagnostics tools for an early detection of disease to 
control further spread of HLB in the new citrus orchards. Since there are no straight forward 
solutions available yet to treat HLB, the focus is on the adoption of techniques that help in an 
early detection of pathogen in order to remove infected individual and grow healthy plants in 
new areas where ACPs and CLas both are absent. In this paper, we have assessed HLB related 
publications in Nepal from the period of early detection of HLB, report areas (districts) of HLB 
infection based on diagnostic tests performed in NAST and improvements on HLB detection 
techniques since the organization has initiated diagnosis research and testing services in its 
laboratory. 

Methodology
We have adopted following methodology to report research and developments in the diagnosis 
and management of HLB in Nepal.

Prepare map of HLB present areas in Nepal
NAST is carrying out research on HLB since 1985 (Paudyal et al. 2010). PCR based detection 
of HLB has been commenced in the NAST laboratory with the help of renowned international 
scientists. This collaborative team was successful to extend testing various citrus orchards of 
Nepal and even number of potentially infested samples collected from Bhutan. NAST carries 
out its in-house research in different aspects of HLB pathogen, vector of HLB citrus psyllid 
(Diaphorina citri) and host species. Map of Nepal showing citrus greening disease present 
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districts was prepared based on the PCR tests of citrus leaves collected by NAST and leaf 
samples from different district provided to NAST laboratory for the purpose of HLB diagnosis.

Report improvements in HLB tests performed in the NAST laboratory
The Molecular Biotechnology Laboratory operating under the Faculty of Science of NAST 
has started HLB diagnostic research in collaboration with French and American Scientists 
from 1996 (Regmi, 1988). Overtime the laboratory has strengthened its physical resources 
and technical capacity to improve the methods of early detection of HLB infection according 
to emerging latest and standard international laboratory practices. NAST gets leaf samples 
to test HLB primarily from National Centre for Fruit Development, Kirtipur; Prime Minister 
Agriculture Modernization Project Programs of various districts; Citrus Development Centre 
of various districts and the farmers growing oranges themselves. Every year NAST laboratory 
provides HLB test reports and informs possible precatory measures of disease preventions to 
the concerned organization and the farmers. 

Review of HLB related studies and publications done in Nepal
Studies conducted on HLB since its first report from Pokhara valley in 1970s and several other 
follow up research and development activities were searched online in ‘Google Scholar’ and 
‘Google.com.np’ using key words ‘Citrus greening disease in Nepal’ and ‘HLB in Nepal’ both 
in English and Nepali Unicode. Online searches in Google scholar led to scientific articles and 
reports while popular articles, extension materials and audio-video contents were retrieved 
from online portal of national newspapers, online news sites and government websites. 
Literature/content searched were reviewed and presented in graphs to illustrate our research 
capacity, knowledge and understanding in the overall management of this disease.  

Result and discussion
Scale of HLB infestation in mandarin orange cultivating districts in Nepal
Citrus fruits are grown widely in Nepal. Mandarin orange is the most popular citrus fruit 
and its commercial farming (more than 100 ha. per district) is in 48 out of 77 districts. If 
other citrus fruits like sweet orange, acid lime, hill lemon, pomelo etc. are considered citrus 
farming can be found in 72 districts except 5 high mountainous districts. Mandarin orange and 
‘Bimiro’ (citron) are considered indigenous fruits of Nepal (Shrestha and Verma, 1998). Junar 
is cultivated in Sindhuli, Ramechhap and Dhankuta districts. The climate of mid-hills is most 
suitable for mandarin orange. Selective areas of four Tarai districts (Chitawan, Nawalparasi, 
Surkhet, and Kailali) and nine high mountainous districts (Bajhang, Bajura, Darchula,  Dolakha, 
Kalikot, Sankhuwashabha, Sindhupalchok, Solukhumbu, and Taplejung) have few areas with 
favorable micro-climate where orchards of mandarin orange are present. In terms of favorable 
climate, citrus fruits are grown in almost 65%  area of the country that range from lowland 
Tarai to Midhills with in the altitude of 450 meters to 1500 meters (Roistacher 1996, Paudyal 
et al. 2010). However, mandarin orange flourishes well along mid-hills within the range of 
800 to 1300 meters. Mandarin orange including other citrus fruits contributes 22.37 percent 
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of total fruit production and is one of the most attractive and lucrative sources of income 
and employment opportunity. Recent figure of the fiscal year 2022/23 showed that mandarin 
orange production has contributed 0.9648 percent on Agriculture GDP which is three times 
higher than that of apple and more than six times higher than that of tea leaves (NSO, 2023). 
Realizing the potentiality of orange and its multifaceted contribution to income generation, 
livelihood improvement, food security, employment generation and overall economic and 
social transformation of rural villages, Nepal Government, Ministry of Agriculture and 
Livestock Development has been conducting Prime Minister Agriculture Modernization 
Project identifying 10 zones and 1 super zone of oranges in 11 districts across the country. 

Despite the efforts of all tiers of government and local farmers to boost mandarin orange 
productivity and the expansion of orchard in new areas, productivities have not surged up as 
expected. The productivity of mandarin orange is rather going down by 7% in the past 19 years’ 
period (1993-2017) as calculated by Dahal et al. (2020) and in recent years it is increasing 
gradually. Studies have shown that loss of productivity of mandarin orange in Nepal is due 
to poor orchard management, severity of Huanglongbing disease and other abiotic factors 
(Acharya and Adhikari 2022; FAO 2011; Poudel et al. 2022). There is an old record of 55% 
percent decline of mandarin orange in Pokhara (Regmi 1982); however recent studies have 
found more than 72% in Myagdi (Poudel et al. 2022), almost 100% decline of old trees in Parbat 
(Pant and Dhakal 2019); and a rapid decline of old orchards in Kaski, Tanahun, Shyangja, 
Lamjung and Gorkha (FAO 2011) districts. Acharya and Adhikari (2022) have presumed that 
HLB infection is prevalent in the orchards of almost 69 districts of Nepal. The PCR based test 
results of the leaf samples received from various organizations and farmers of different districts 
and also the samples collected by the in-house research program of NAST have been compiled 
and presented in the give map (Figure 1). This map has shown fewer districts with HLB 
infestation than the figure of Acharya and Adhikari (2022), which could be because of the lack 
of PCR test on orchards of various districts suspected by them and also due to the unavailability 
of test result obtained by other government and private laboratories. Such discrepancies are 
expected when there is a 
lack of coordinated national 
efforts between organizations 
working for the common 
goals. Moreover, we also 
have not developed national 
database that provides 
comprehensive picture of 
HLB and its impact on citrus 
orchards of Nepal as it serves 
as a key tool to inform and 
evaluate policies related 
to the control of HLB and 
enhance national productivity 
of mandarin orange.

Figure 1. Map of Nepal showing HLB disease detected districts using 
PCR test conducted in NAST, Khumaltar, Lalitpur. 
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Critical role of NAST in HLB research and diagnostics
NAST, (former RONAST) is an autonomous apex body established to promote science and 
technology in the country. NAST has been a leading organization to institutionalize HLB 
research in Nepal. Some notable activities undertaken by NAST comprise initial identification 
of citrus greening hotspot in Nepal; in-depth study on biology, population dynamics of citrus 
psylla and its host (RONAST 1988; Lama et al.1988; Regmi et al. 1998), standardization of in 
vitro shoot tip grafting, adoption of DNA probe technique in the diagnosis of citrus greening 
(Regmi et al.1996) and establishment of improved PCR techniques for early diagnosis of HLB 
in the country (Paudyal et al. 2010). National and international collaboration allowed scientists 
working in NAST to share knowledge and research experiences needed to identify the problem 
and find its appropriate solutions (RONAST 1988). ‘Research in citrus greening’ is a good 
model in Nepal to understand the evolution of research findings in collaborative researches 
and their impact to widen our knowledge about the causes of diseases and identifying possible 
measures. In this section, regular improvements in PCR techniques adopted by NAST for 
early identification of HLB has been discussed in detail. 

Collection of leaf samples for testing

Initially, the mechanism of HLB pathogen was not understood properly and only the expert 
scientists were involved in the collection of potentially infected leaf samples to test HLB. We 
have now adequate evidence that symptoms of HLB are mostly patchy and distribution of 
pathogen in different plant tissues varies substantially (Luzada et al. 2016). In this context, we 
need to improve our sampling techniques according to local situation and available resources 
without compromising the quality of work. Our latest sampling procedure of leaf involves 
collecting of 4-6 clean leaves each from four directions of the tree, packing them separately 
and keeping in a well labelled ziplock bag/paper envelop. We encourage storage of collected 
leaf samples in refrigerator (-200C) when immediate delivery of samples to laboratory is 
not possible. Transportation of samples in an ice box prevents leaves from decaying. Basic 
procedure for leaf sample collection is shown in Figure 2.   

Figure 2. Figure showing technique of leaf collection, transportation to the laboratory and store in the freezing condition.

Extraction of bacterial DNA 

Bacterial DNA of the pathogen is obtained from the mid rib of the collected leaf samples 
stored under refrigerated condition until DNA extraction. Over time, we have improved our 
DNA extraction techniques following standard methods practiced globally by international 
laboratories working in HLB and other related diseases. Key methods of DNA extraction 
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practiced by the NAST laboratory for HLB diagnosis using PCR technique are given below:

DNA extraction from wizard column (adopted from 1994-2008)
Clean leaves were wiped by 70% ethanol and mid rib were excised and minced finely by 
sterile blade on petri dishes containing 1 ml of DNA extraction buffer which was prepared 
in advance (Tris 0.0 IM, H 0.8; EDTA 0.4M, pH 0.8; SDS 1% and proteinase K 0.25 mg/µI). 
The homogenate of buffer and minced midrib were transferred into labeled 1.5 ml micro-
centrifuge tubes and incubated at 65 °C in water bath for 2 hours. After incubation, samples 
were centrifuged at room temperature for 15 min at 12,000 rpm and the supernatants were 
transferred in new micro-centrifuge tubes. 1ml supernatant was mixed with Wizard miniprep 
DNA purification resin (Promega Company, USA) with gentle inversion. The mixture was 
then transferred into a syringe fixed on wizard mini column and the filtrate was collected 
through operating electrical vacuum pump apparatus. In the filtered suspension 2ml of 80% 
isopropanol was added to each column (1ml at a time) and briefly centrifuged to remove 
excess isopropanol. The spin columns were then transferred into fresh micro-centrifuge tubes 
and 50µ1 of sterile double distilled water heated at 80°C in water bath were added to each tube, 
left the column for a minute, and centrifuged for 25 sec at 12,000 rpm. This step was repeated, 
yielding 100µ1 of DNA extracts (Figure 3). Thus yielded wizard extract was properly labeled 
and stored at -200C for downstream analysis. 

Figure 3. Laboratory procedures adopted to extract pathogen DNA from suspected leaf samples using the wizard 
column method

DNA extraction using liquid nitrogen and CTAB buffer (adopted from 2008-till date)
In this method, the commonly used modified CTAB technique (Doyle and Doyle, 1987 and 
1990) was used to extract bacterial DNA of the greening pathogen. Similar to the previous 
protocol, sampled leaves are cleaned and mid ribs were chopped into small pieces using 
sterilized razor blade. Those chopped pieces of midribs were then grounded to fine powder 
using mortar and pestle in liquid nitrogen. Before starting  DNA extraction procedure, CTAB 
buffer with pH 5 needs to be freshly prepared and used for DNA extraction (Figure 4). Main 
ingredients of CTAB buffer are listed below.

a) 1M Tris-base buffer (PH 8.0)
b) 0.5M Na2EDTA (PH 8.0)
c) TE buffer (PH 7.5)
d) 5 M NaCl



368
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

e) 2% CTAB buffer
f) 50x TAE buffer (PH 8.0)
g) 70% Ethanol
h) Chloroform: Isoamyl alcohol (24:1), should be prepared freshly
i) 5mg/ml Ethidium Bromide
Above listed reagents were prepared in full sterile condition; double distilled deionized 
nuclease free Milli-Q water was used to prepare the reagents and autoclaved in 15 lb pressure 
at 121° C for 20 minutes.

Figure 4. Key techniques followed while extracting bacterial DNA by grinding finely chopped midribs in liquid 
nitrogen and using CTAB buffer.

DNA extraction using commercial kits (adopted from 2014-till date)

The mid ribs of suspected leaf samples are chopped and grinded in liquid nitrogen using 
mortar and pestle. Bacterial DNA was extracted from this grinded powder using commercially 
available DNA extraction kits, following manufacturer’s protocol. 

DNA extraction using commercial kits and tissue lyser (adopted from 2019-till date)

Mid ribs of suspected leaf samples are finely chopped and powdered in tissue lyser. Bacterial 
DNA was extracted from this grinded powder using appropriate lysing matrix and commercially 
available DNA extraction kits following manufacturer’s protocol (Figure 5). 

Figure 5. Extraction of bacterial DNA by homogenizing mid ribs using lysing matrix in tissue lyser and DNA 
extraction and purification kits or manually prepared DNA extraction buffer.

Polymerase chain reaction (PCR) amplification of bacterial DNA 

Since the initiation of PCR based early diagnosis of HLB in Nepal with the support of 
international experts, NAST has regularly updated its PCR procedures using globally tested 
PCR assays developed over time by established international laboratories. PCR assays adopted 
by NAST in different time periods is given in the Table 1 below.
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Table 1. Details of different PCR assays adopted by the NAST Molecular Biotechnology 
Laboratory.

The period NAST had adopted: 1996-2008 The period NAST had adopted: 1996-2019
PCR assay: rpl-PCR; rplKAJL-rpoBC (β operon) PCR assay: 16S-PCR

Developed by: Houquellet et al.1999 Developed by: Jagouix et al. 1996
Base pairs: 700 Base pairs: 1160

Primer pairs: A2 and J5 Primer pairs: OI1, OA1, OI2C

A2: 5'-TATAAAGGTTGACCTTTCGACTTF3'
J5: 5'-ACAAAAGCAGAAAIIAGCACGAACAA-3'

OII: 5'-GCGCGTITGCAATACGAGCGGCA-3'
OAI: 5'-GCGCGTATTTTATACGAGCG G CA-3' 
OI2C: 5'-GCCTCGCGACTTCGCAACCCAT-3'

The period NAST had adopted: 2017 – now
PCR assay: 16S-rDNA PCR

Developed by: Fujikawa and Iwanami (2012)
Base pair: 500

Primer pairs: Las606 and LSS
LSS606: 5'-GGA GAG GTG AGT GGA ATT CCG A-3'
LSS:  5'-ACC CAA CAT CTA GGT AAA AAC C-3'

Initially we have used both PCR assays (16S-OI1/OI2c and rpl-PCR) for HLB diagnosis. Primer 
pair OI1 and OI2c were able to amplify the Las and Laf species thus later we preferred OI1/OI2c 
pair. Since 2017 we are using the PCR assay developed by Fujikawa and Iwanami (2012) because 
the amplification efficiency of OI1/OI2c was poor. In many instances the highly suspected plant 
with severe symptom was also obtained PCR negative and there were chances of false positive 
because it has used the flanking region which is universal for bacteria as a whole.  

Electrophoresis of amplified bacterial DNA 
The PCR amplified products of 16S-PCR were run in 1% agarose gel in TAE (1x) buffer 
at 100V for half an hour and visualized on an UV trans-illuminator. Amplified products if 
observed are regarded as HLB positive as shown in the Figure 6 below.

Sequencing of bacterial DNA 

NAST has started sequencing 
selective positive HLB 
samples using its ABI 3500XL 
genetic analyzer (Figures 
7-10) to study possible genetic 
variations that could be 
observed in HLB infested old 
or new orange groves of the 
country.

LAS606/LSS PCR Assay
Figure 6. PCR amplification of Liberobacter 16s-rDNA genes with prim-
ers sets OII/OI2C (left) and LAS606/LSS (right). In both PCR analysis 
lane M is 100 bp DNA ladder while the 5 samples in between lane 1-5 
showed presence of the Liberobacter asiaticus gene (HLB positive).
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Figure 7.  Partial chromatogram of LAS region of 16S-rDNA gene

Figure 8. The Blast nucleotide sequence identify result of LAS 16S-rDNA partial gene amplified from the leaf 
sample of Gorkha 

OII/OI2C PCR Assay 

Figure 9. Partial chromatogram of OI1/OI2C region of 16S gene

Figure 10. The Blast nucleotide sequence identify result of OI1/OI2C 16S-rDNA partial gene from the leaf 
sample of Gorkha

Review of studies conducted on citrus greening and its impact in Nepal

The distribution of greening disease and its vector have been confirmed in Nepal by Rana and 
Sharma (1964) and Knorr et al. (1970). However, presence of this disease was documented 
earlier in 1920s from South Africa and Asia. Until 1994, the causative pathogens as uncultured, 
phloem restricted gram-negative bacteria were unknown to the scientific community. Its actual 
identify came into light from the discovery of Jagoueix et al. (1994). The devastating impact 
of greening pathogen has led to innumerable researches worldwide covering, various aspects 
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including the pathogen itself, its vector, the mode of transmission and measures for its control. 
After the preliminary confirmation of disease in Nepal, a good number of initial collaborative 
researches with the scientists of SAARC countries and leading laboratories and scientists 
of the world (RONAST, 1988; Lama et al. 1988; Regmi et al.1996; Regmi,1982; Sharma 
1972) had carried out. These researches came up with remarkable findings from the report on 
the scale of Citrus greening impact in Pokhara valley and identification of host plant of the 
vector Citrus Psylla (RONAST 1988), reporting of an exact pathogen causing citrus greening 
(Jagoueix et al. 1996), greening incidence and greening vector population dynamics (Regmi 
and Lama, 1988), distribution of Citrus Psylla and its potential hosts plants (Lama et al. 1988) 
and detection of Asian HLB by the molecular method (Regmi et al. 1996). Online searches 
have documented a total of 53 literatures from the period of 1965-2023, among them 64% 
and 34% were international and national publications or in domains respectively. Line graph 
given below shows the chronological order of total documented publications is presented in 
the Figure 11.

Figure 11. Number of national and international publications on citrus greening for the period 1965-2023.

Collated literature was further categorized into four groups as original research paper, study/
research/survey reports, review papers and Masters’ and PhD thesis (Figure 12). In both 
national and international publications original researches comprise notably larger proportions, 
followed by review articles. Citrus greening had been important research topics in both Masters 
and PhD level academic degrees. Two international PhD degrees have been acquired from 
Russian and Indian universities in Citrus greening related research topics. National university 
had carried out research thesis for Master degree.  Interestingly, international donor agencies 
funded projects and FAO reports embrace science based knowledge required to address the 
citrus decline problem in Nepal. Such reports are key to extend international collaborations 
and sharing global learning to tackle citrus greening problems facing by Nepalese farmers 
(FAO, 2011).
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Figure 12. Types of Scholary literature both in National and International domain ( assessed for the period 1965-2023)

While going through the objectives, scope and findings of all collected documents, they can be 
grouped under six major themes i.e HLB test, HLB management, HLB survey, HLB review, 
Psylla survey, HLB & Psylla survey and pathogen test on 
Psylla (Figure 13). Among the surveyed literature more than 
a quarter have focused on adopting molecular and other 
methods to detect HLB on citrus leaf samples followed by 20% 
publications discussed different management techniques for 
early and easy diagnosis of HLB. These included production 
of disease free planting material, using certified citrus seedling, 
removing infected plants, controlling potential host species of 
psylla vector and controlling citrus psylla. Browsed literature 
also cover overall caring and management of citrus orchard   
with adequate know-how on regular pruning, weeding, 
manuring, irrigating and other important practices to maintain 
sound health of the orchard etc. 

In recent years, a considerable number of review papers on 
citrus greening and its management are published by university 
graduates as well as experienced horticulturists working in government research centers/
extension offices. Sustainable activities to manage citrus greening like regular surveillance 
of citrus orchard to assess the scale of HLB infection, pathogen test in citrus psylla and their 
distribution are widely suggested (FAO 2011, Acharya and Adhikari, 2022). However, in recent 
years such researches are not happening as expected and there has been a decline in publications 
in these subjects. Such negative trend will have remarkable impact on the national progress in 
citrus research and development. Overall review of research publication until 2024 shows slow 
pace of our research activities in citrus greening and its knowledge based management that could 
be attributed to governments' less priority on agriculture research in Nepal (Uprety, 2018). In 
contrary to the trend of scientific publications, awareness and extension materials published in 
national newspapers, national online portals and websites of government organizations/programs 

Figure 13: Number of national and 
international literature in six major 
themes (assessed for the period 1965-
2023)
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dedicated to tackle citrus greening disease and enhance citrus productivities (Figure 14).

Figure 14. Number of citrus related content in  onlinenews portals and other electronic domain 

Way forward
Infection of orange groves of Nepal with HLB disease is in alarming rate and scale. Increased 
movements of people, weak quarantine system, negligence of farmers to remove infected trees and 
climate change impacts have further aggravated the problem caused by this disease. This possible 
situation currently faced by the country was predicated earlier by renowned citrus scientist Dr. C. 
N. Roistacher and Prof. Dr J. M. Bove. After their visits of citrus orchards in Nepal, both of these 
good friends of Nepal had warned us " if nothing is done, citrus will soon disappear from Nepal, in 
the same way that citrus has been destroyed in India, Indonesia and the Phillippines" (Shrestha et 
al. 2003); and "Greening (HLB) disease is a number one threat to citrus industry in Nepal. Unless 
this disease is understood and controlled, citrus will slowly but surely decline" (Roistacher, 1996).

Apparently from our review of both scholarly publications, newspaper articles and online 
portals awareness about the disease is growing rapidly among the farmers, decision makers 
and scientific communities. Citrus greening management training, awareness campaigns 
and publication of illustrative extension materials are done by the government authorities 
like National Center for Fruit Development (NCFD), Kirtipur, districts and local level fruit 
development programs, Prime Minister Agriculture Modernization Project implemented in 
various districts as mandarin orange superzone, zone and pocket areas program. 

At present, the only option available with us is the early detection of HLB at pre-symptomatic 
stage and the removal of HLB positive trees if they are towards the end of their productive life 
and management of young healthy trees so as to restrict the disease spread. Besides regular 
caring and maintaining the health of citrus orchard, possible infestation and movement of 
infected citrus psylla should be strictly monitored. In addition to the NAST’s PCR based 
HLB test, central and provincial government’s other institutions (Molecular laboratory of 
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Warm Temperate Horticulture Centre, Kirtipur, Kathmandu and Plant Protection Laboratory, 
Pokhara, Kaski, Gandaki Province) are also providing testing facility. The regular exchange 
of laboratory protocols and other troubleshooting experimental issues between NAST and 
other laboratories play key role in improving the effectiveness of tests and optimizing 
the limited public fund available to combat this common challenge. NAST had actively 
contributed to develop Standard Operating Procedure (SOP) for detecting Citrus greening 
disease coordinated by the National Centre for Fruit Development and recently approved by 
the Government of Nepal, Ministry of Agriculture and Livestock Development (MOALD, 
2024). Currently NAST is working to standardize RT-PCR based HLB diagnosis from both 
leaves and root samples because of the uneven distribution of pathogen in the citrus tree 
canopy and prolonged incubation periods. The tree often remains asymptomatic for longer 
time (Bove 2006; Gottwald et al. 2008). Such biological dynamics of pathogen hinders in 
an early detection of HLB in the mother plant from which scion are selected for disease free 
and high quality sapling production. Therefore, a collective effort among key organizations is 
needed to devise national strategies in research and developmental activities related to early 
detection of HLB, identification of infected vector, find the range of its distribution and apply 
control measures, production and distribution of HLB free sampling and increase national 
production of mandarin orange by wisely and effectively handling the existing challenges. 
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Abstract 

Post-harvest management refers to all the handling operation carried out in the fruits after harvest 
as well management of pre-harvest factors that influence shelf-life, maintain quality and maximum 
usefulness of fruits. In Nepal, post-harvest loss of mandarin orange fruit is very high and often 
reaches up to 46%. Losses incurred during harvesting, handling, packaging, and transportation. 
All the fruits are gathered together irrespective of damage and injury. Any kind of damage to the 
fruit causes increase in respiration, increase in transpiration, increase in ethylene production and 
results higher metabolic activities. Besides, the wound and scratches are the avenues for microbial 
invasion that causes rotting of fruits. Blue and green moulds are the serious problem during storage 
of which infection occurs during harvesting and handling operations. Some of the disease and insect 
pests attack mandarin orange fruit while they are in the tree but the problem arises after harvest 
or in storage, the examples are scab, canker, scale insects, etc. In the market Nepalese mandarin 
orange fetch low price as they are partially damaged, not graded and of poor quality. To obtain 
better quality fruits and supply in good condition to the market postharvest management is essential. 
Postharvest management include filed inspection and control of harmful disease and insect in the 
field, appropriate maturity judgment and method of harvesting, handling, pre-cooling, sanitization, 
grading, packaging, storage and transportation.  All these activities are collectively called packhouse 
operations. A mandarin orange packhouse should be established in a production area for postharvest 
management of mandarin orange.  Along with packhouse for fresh produce, a processing plant in its 
vicinity should be established to utilize excess production and under grade fruits. 

Keywords:   Packhouse, Packhouse operations, Pre-cooling, Cold-chain, Cold storage

Introduction
Post-harvest management refers to all the handling operation carried out in the fruits after 
harvest as well management of pre-harvest factors that influence post-harvest shelf-life, 
maintain quality and maximum usefulness. In Nepal mandarin fruits are produced throughout 
the mid hills from east to west. Among 77 districts of the country, 48 districts in each have 
more than 100 hectare of commercial mandarin orchard and produce 198406 mt mandarin 
orange annually (MoALD, 2023). Usually farmers harvest mandarin fruits when they develop 
complete yellow colours. Post-harvest loss of mandarin orange fruit often reaches up to 
46% (Bhattarai et al., 2013). Losses incurred during harvesting, handling, packaging, and 
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transportation. Fruits are generally harvest by hand picking, and collected irrespective of 
damage and injury. Some fruits that drop while harvesting are also mix together with healthy 
undamaged healthy fruits. Farmers and traders may not be aware about the internal injury 
of fruit. Any kind of damage to the fruit causes increase in respiration, increase in ethylene 
production and results higher metabolic activities (Hyodo and Nishino, 1981: Jackarias, and 
Alferez, 2007). Besides any kind of wound and scratches is the avenue for microbial invasion 
that causes rotting of fruits. Stem-end rind breakdown, oleocellosis, blue and green molds 
are the serious problem during storage. Some of the disease and insect pests attack mandarin 
orange fruit while they are in the field but the problem arises after harvest or storage, the 
examples are scab, canker, scale insects, etc. In the market Nepalese mandarin orange fetch 
low price as they are partially damaged, not graded and of poor quality. To obtain better 
quality fruits and supply in good condition to the market postharvest management is essential. 
Postharvest management include filed inspection and control of harmful disease and insect 
in the field, appropriate maturity judgment and method of harvesting, handling, pre-cooling, 
sanitization, grading, packaging, storage and transportation. Very few researches have been 
carryout on postharvest management of mandarin orange in Nepal. The objective of this paper 
is acquainting reader about the various causes of postharvest loss and management practices 
to minimize and extend shelf-life and maintain quality. 

Fruit physiology
For proper management of fruit the knowledge of fruit structure and its physiology is important. 
Mandarin orange fruit is hesperidium a kind of modified berry developed from a single ovary 
characterized by the presence of outer rind in which 6-8 carpels of segments are enclosed.  
The rind is divided into two parts i.e. exocarp the outer layer known as flavedo and inner 
white mesocarp know as albedo. Exocarp consist several oil glands covered by multi layered 
protective skin or cuticle.  Each segment contains juice sacs and seed in it. As the fruit develops, 
juice-sacs fill with the juice. Certain anatomical, bio-chemical, and physiological changes 
continue in the fruit during development. Towards maturity, there is increase in sugar content 
as hydrolysis of starch and conversion of acid to sugar (Talukder et.al., 2015). The general 
observation for determining harvesting date of mandarin orange fruit is peel colour. Colour 
development depends on variety and further influence by the environment. In hot climate, the 
peel colour development is restricted, hence the fruit may remain green. The level of total 
soluble solids (TSS), titratable acidity (TA) and TSS/TA ratio are often considered as harvest 
criteria. In Nepal, fruits harvesting is determined on the basis its peel colour. Postharvest of 
loss of fruit is mainly due to transpiration, respiration and pathological invasion and disease 
development. For storage, management practice should concentrate on at what sage to harvest, 
how to harvest, how to take care of fruit, how to handle the fruit, how to store and transport 
is crucial.

Maturity judgment
As the fruit develops there is continuous decline in respiration rate of fruit. At physiological 
maturity rate of respiration is minimum (Eaka, 190), seeds mature and peel colour develop 
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from green to yellow along with increase in total solids and titratable acidity. Fruits that are 
harvested a green mature stage are often de-greened with ethylene application for attractive 
yellow colour. For better edible quality and long shelf-life fruits should be harvested at proper 
stage of maturity (Bhusal et.al., 2007). Harvesting before maturity results in poor quality fruit.  
Delayed harvesting results poor quality fruit, puffiness, poor storage life and also affects tree 
health and fruiting in the following year. It has been suggested to harvest Nepalese mandarin 
orange at 75 % colour development stage. Fruits harvested at 75% yellow colour stage have 
long shelf-life. Sometimes TSS, TA and TSS/TA ratio is also considered as a judgment criteria 
for harvesting fruits. TSS more than 8.5%, TA less than 0.4% and TSS/TA ratio above 6.5 is 
considered as harvesting index.

Physiological changes after harvest
Mandarin orange fruit continue their respiration and transpiration even after taking away from 
the mother plant. Transpiration is primarily through cuticle layer of the epidermis and from 
stoma. These reactions affect the longevity of produce depend on the atmospheric condition 
in which commodities are left. Respiration in fruits involves many enzymes reactions. While 
attached with the plants transpiration water loss is supplied by the mother plant. In harvested 
fruits transpiration results significant loss of water from the fruit and cause weight loss. Along 
with respiration and transpiration fruits also produce ethylene. Ethylene causes senescence in 
ripened fruits. Any kind of damage to the fruit increases in respiration and ethylene production 
and hasten deterioration.

Causes of post harvest loss
Transpiration or water loss: Transpiration causes desiccation, shriveling, weight loss and loss 
in quality. Stem scar and fruit surface are the sites of transpiration. In fruits there is deposition 
of wax on the surface of fruit toward maturity. Wax forms a protective layer to lower down the 
rate transpiration and prevent microbial attack. During harvesting and handlings wounds are 
created in the fruits that may lead higher rate of transpiration. 

Respiration: Fruits after harvest are also living and respire continuously. Because of stress 
the rate further increases. Respiration utilizes reserved carbohydrate and organic acids present 
in fruits. Ultimately, respiration causes loss of substrate in the form of carbon dioxide, water 
and heat.  It has been mentioned that the respiration rate of rind is 10 times higher than that 
of vesicles. Respiration in fruits involves many enzymes reactions. The rate of these reactions 
under the physiological thermal condition increases exponentially with increase in temperature. 
As proposed by Van’t Hoff (2022), the rate of a chemical reaction approximately doubles for 
each 10° rise in temperature. 

Ethylene evolution: Any kind of stress to the fruit causes increase in ethylene production. 
Increase in ethylene production also increases the rate of respiration and depletion of reserve 
materials. Ethylene metabolism has been a main factor affecting the longevity of fruit even 
either attached on or detached from the mother plant. 



382
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Pathological invasion: It is not possible to harvest mandarin orange fruits without injury. 
Injury may not be visible to naked eyes but it serve as an avenue for the entry of pathogenic 
micro-organism. Once a citrus fruit is infected, the rate of infection to other fruit is very 
rapid. There is also proverb in Nepali language ‘If one orange is spoiled it will spoil all 
oranges”. Rough harvesting, handling and transportation cause damage to the fruits. All kind 
of damages are not visible. Any kind of damage causes increase in transpiration, respiration. 
If fruits are dropped from the trees or pressed during storage and transportation it causes 
internal damage. The type of damage during transportation can be compression damage or 
vibration damage. Compression damage is caused by the pressure and vibration damage is 
caused due to movements. Fruits transported in conical doko may look good in appearance 
are damaged due to pressure. In conventional practices fruits are harvested in very rough 
manner. All the harvested fruits are kept together for in packages for marketing. Fruits are 
collected in large piles together and also transported as such in the back of truck without 
packaging. Keeping large number of fruits together cause pressure damage to lower fruits. 
Thus condition of produce, the rate of respiration, transpiration, pathological invasion and 
poor postharvest handling practices are responsible for poor shelf-life and spoilage of fruits. 
Blue mold (Penicillium digitatum), green mould (P. italicum) and stem-end rot (different spp 
of fungus) are the serious disease during storage (Sumbali and Mehrotra 1981), while stem-
rind breakdown, oleocellosis and chilling injury are important physiological disorders.

Various pre-harvest and postharvest conditions influence the quality of fruits. Among pre-
harvest factors are growing conditions, nutrient management, location of fruit in the tree, 
maturity stage etc. Among postharvest conditions sorting, grading, pre-cooling, storage are 
important ones. Rokaya et.al. (2016) studied the effect of altitude, location and postharvest 
treatments on the quality of mandarin orange fruit.

Measures to minimize post-harvest loss
Harvest at appropriate stage of maturity
In Nepal mandarin orange ripens during November December. Generally at lower altitudes 
fruit become mature at 10-15 days earlier than in higher altitudes. Sometimes at higher alti-
tudes fruits are also kept as such in the tree up to late march. For long distance market or for 
storage harvesting at 75 % orange yellow colour stage is appropriate. Keeping fruits in the tree 
for long time affects tree health and flowering in the succeeding year.

Harvest with minimum damage
Conventional practices of harvesting is twisting and pulling. Fruits should be harvested with 
cotton gloves first in cloth bag and poured to another container. Harvesting should be done 
either late morning or in the afternoon. Fruit dropped during harvesting or the fruit have 
scratches or wound should be sorted out immediately. Harvested fruits should be kept in shade 
for cooling. Contact of fruits with soil should be avoided. Fruits should not be kept in big piles 
to prevent impact damage. Fruits can be harvest by clippers to prevent damage. Fruit harvested 
by the clipper should be packed properly, otherwise during packaging and transportation stem 
cause puncture to the other fruits (PHMD, 2010). 
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Pre-cooling
Pre-cooling is a cooling operation, hence It is done before doing packhouse operations and 
or transportation to destination market it is termed as pre-cooling. Ordinarily the temperature 
of orange fruit at harvest is determined by existing field temperature and is generally high. In 
general, for every 10 0C reduction in temperature of the produce, all the physiological activities 
including respiration rate is reduced by half, hence the storage life is double. The effect of 
temperature on storage life of fruits is shown in Figure 1. At lower temperature the effect is 
more pronounced. In order to lower down all sorts of physiological activities, mandarin orange 
fruits should be pre-cooled to desired storage temperature. As result of pre-cooling, the rate of 
respiration decreased, water loss is reduced, ethylene production is suppressed, sensitivity to 
ethylene is reduced and microbial development is slowed (Tan, 2016). If mandarin oranges are 
kept in cold store or transport carrier without pre-cooling the temperature of the fruit will also 
increase the temperature of room/container and results deterioration at faster rate.  To lower 
down the fruit temperature to desired level pre-cooling should be done as early as possible 
after harvest. Most of the cold stores and carriers are designed to hold pre-cooled produce. 
Pre-cooled commodities should be placed in cold storage or containers (Kanade, et., 2019). 
Force air-cooling is the most suitable method of cooling. Hydro-cooling can also be practiced 
for pre-cooling, in which washing of the fruit can be done at a time. Some of the modern cold 
storage may have force air-cooling system in it.

Sorting, grading, de-greening, waxing and packaging
Sorting, grading/sizing, sanitization, chemical treatments, de-greening, waxing and packaging 
are important post-harvest handling operations and also called packhouse operations. Graded 
fruits fetch 10-25% higher price in the market (Acedo, 2016). Sorting is a practice to remove 
undesirable fruits that have scratch, blemish and damaged. In packhouse grading and sizing 
is practiced mechanically. At farmers level it can be done on visual observation. Fruits can be 
graded to big, small and medium size. Uniform fruits should be packed separately in different 
packs and labeled. Also, the objective of grading is to assure its safe and accurate guarantee 
of quality, namely traceability. Packaging container should be hard to hold fruit and withstand 
load of other containers. Corrugated fiber-board boxes and plastic crates are most suitable 
container. Container should have provision for ventilation. De-greening and waxing cane done 
wherever necessary. In mandarin orange, de-greening is a practice to remove green pigment 
in the peel by ethylene treatment. Fruits produced at high temperature do not develop yellow 
colour and de-greening. Waxing is done to covers wounds and scratches on the surface of 
fruit, fungicides can be incorporated in wax, wax improves outlook of the fruits. Washing of 
crates with soap and water is essential to prevent infection. For retail, 1/2 to 1 kg or 4-8 fruits 
are packed in a perforated low-density polyethylene bag. Sanitizing treatments can be done by 
dipping fruits at 150 ppm chlorine solution. Fungicides can be applied as high pressure spray 
or emulsion wax in wash water like Imazalil (1000 ppm) for fruits if are to be stored for longer 
duration (Tiwari, 2006).
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Storage
In ambient conditions fruits cannot be kept for more than 7-10 days. The principle aim of 
storage is to reduce the rate of respiration, 
transpiration, ethylene production, prevent 
microbial attack and prolong shelf-life. The 
rate of transpiration can be minimized by 
keeping fruits at high relative humidity.  
Humidity of 90-95 % is appropriate for storage 
of mandarin orange. Humidity less than 90% 
causes shriveling while, beyond 95% favors 
microbial growth and causes rotting of fruits. 
To reduce respiration the temperature of fruits 
should be reduced to desirable temperature 
immediately after harvest.  Fruits grown 
in different climate have different storage 
temperature. In general storage life is brief at 
higher temperature and it becomes long at low 
temperature (Figure 1). Principally longest storage life at 00C, however, mandarin orange is 
subtropical fruit and cannot tolerate low temperature.

Storage temperature may vary for different varieties and also influence by growing location. 
Storage of mandarin orange fruits at 50C by Matsumoto et.al. (2016) and at 5-80C by Tietel 
et. al., (2012).  Nepalese mandarin oranges were found stored up to 90 days in good condition 
at 80C (Bhusal, 2002). Chilling injury was noticed in the fruits stored at 60C and lower 
temperature. Usually fruits produced at higher temperature are more sensitive to chilling 
injury. Various methods of storage structures can be used to store mandarin orange in Nepal 
to extend their shelf-life. 

Cellar store: Cellar storages are usually mad in north facing terrace in the mountains (Rokaya 
et.al., 2020). Generally 5-10 0C lower temperature is noticed inside cellar. The temperature 
inside cellar varies in different altitude and surrounding environment. During humid condition 
the temperature difference becomes low. In high humid area cellar is less effective. Food 
Research Division (FRD, 2019) modified the cellar store by providing ventilation, trickling 
water on its wall, providing thatch roof, etc. Mandarin orange can be stored in cellar for about 
2 months. Fruits after storage are vulnerable for transportation to long distance market. Only 
small quantity of fruits (200-500 kg) can be stored in cellar storage.

Cold Storage: Cold storage is more effective to store mandarin orange. In cold storage 
temperature can be controlled to a desired level.  Each cold storage should have humidifier to 
maintain desired level of humidity and ventilator for the supply of oxygen and remove excess 
carbon dioxide and heat. 

Figure 1.  Effect of temperature on storage life 
of fruits.
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Quarantine regulation
For export the fruit should be free from diseases and insect pests. Infestation may also occur in the 
field, during harvesting and different packing house operations. Fruit should be regularly inspected 
for the diseases and pest in the field. Some of the deep seated pathogens cannot be eliminated 
just by chemical treatments. Effective treatments are needed to eradicate deep seated pathogens 
and insects pests. Fumigation with ethylene dibromide or methyl bromide was the effective tool 
previously employed to eliminate deep-seated pathogens or pest (Gautam et. al., Bhattarai, 2023). 
These chemical are now restricted to use as they have negative effect to the environment (WHO, 
1995: EPA, 2004). Recently hot water (HW), hot air (HA), vapor heat (HV) and cold treatments 
are the substitutes, as they are environmentally friendly. For exporting fruits, treatments should be 
given as required by the quarantine regulations of the importing country. 

Pack house and its importance
A packhouse is a structure where, various packhouse activities are performed to the fruits to 
prepare them for the market. For efficient and effective marketing of mandarin orange in Nepal, 
it is essential to establish a Citrus Packhouse in production area. A packhouse coordinates 
farmer with the market (Figure 2 & 3). In the packhouse, the assembled fruits are pre-cooled 
either by force air-cooling or hydro-cooling method. In hydro-cooling dumped in cold water 
for pre-cooling followed washing, sorting, grading, sizing, sanitization, degreening, waxing 
(optional), fumigation (optional) grading or sizing, packaging and storage. In small production, 
it is difficult to run a packhouse. For successful operation of a packhouse, large quantities of 
fruits should be produced within the particular area. An agreement has been signed with China 
in 2019 allows the pest free product i.e., the product not the production area must be free 
from designated pests, with the product to be from designated production area and packhouse 
practicing control measures (Aryal et.ls., 2022). Cold treatment i.e., Pre-cooling of citrus at 
70C for 24 hours than to 30C for 16 days has been recommended to export fruits to Tibet. Until 
now, there is no study in Nepal for pre-cooling of citrus to both 7 and 30C. There is need to 
study to identify the suitable temperature and its verification for practical application.

Different kinds of phytosanitary requirements can be accomplished in a modern packhouse. 

Figure 2. Packhouse and its linkage with farm and   
Market (Acedo et, al., 2016) Figure 3.  Component of a model packhouse
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In modern packhouse different operations are carried out mechanically one after another.  Fruits 
can be stored safely in cold storage and transported to long distance. A packhouse should assist 
small growers about orchard registration with packhouse, documentation of integrated pest 
management practices and export quality fruit production.

Transportation
In conventional practices citrus are transported in Doko for local market and in Dhala (as such 
in the back of truck) for long distance. In these cases the postharvest loss of fruit is enormous. 
Doko is a conical shape in structure made of bamboo. Fruits at the lower portion of Doko 
have to bear pressure on them and some other fruits are damaged by scratching and rubbing 
with Doko. In Dhala there is compression damage to the fruits that remain at lower portion. 
In the modern method fruits are packed in specially designed containers for transportation and 
marketing. Packaging material should be resistant to pressure and should have provision for 
ventilation. Transportation is being made in refrigerated carriers. 

Cold-chain
Cold-chain in postharvest horticulture refers to the movement of fresh horticultural produce 
at lower temperature. Upon harvest, the produced are cooled down to desire temperature in 
packhouse, systematically handled, transported and again stored weighting for the market. 
For effective distance marketing packhouse is the must. It is not possible to export Nepalese 
fruits without the management of packhouse and cold chain. In Syanja district, a mandarin 
orange pack house has been established under department of agriculture to facilitate sorting 
and grading operations (NCFD, 2019). It should be upgraded, linked with cold-chain and 
managed properly to facilitate the export of mandarin orange.

Processing and preservation
Along with a packhouse for handling a processing plant is necessary in order to utilize 
excess production, culled and low grade fruits to produce juice, jam, jelly, marmalade, etc. 
establishment of processing industry in the production area provide a sort of insurance to the 
producers.

Production guidelines and quality standards
Fruit production directorate should provide the guidelines for good agricultural practices 
(GAP) to produce good quality fruits (Kharel et.al., 2022: USDA 2024). GAP focus on 
water, manure and municipal bio solids, workers health and hygiene, sanitary facilities, field 
sanitation, packing facility sanitation, transportation, trace book and record keeping. Quality 
standards should be determined to the processed products by the concern authorities.  There 
should be provision for quality test and pesticides residue analysis before entering to the 
market or export.
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Abstract 

Mandarin orange, a prominent citrus fruit in Nepal, is extensively grown in the mid-hills region. To 
evaluate the effects of various treatments on the shelf life and quality of mandarin oranges in cold 
storage, this study was conducted in the cold storage of Aandhikhola Rural Municipality, Syangja 
district, Nepal. Six treatments were applied: Bavistin 0.1%, wax 10%, salicylic acid 4%, calcium 
chloride 4%, wax 10% combined with calcium chloride 4%, and a control, each containing 88 
number of mandarin oranges. The experiment followed a complete randomization design (CRD) 
with three replications in the cold storage. Mandarin oranges were harvested with two pairs of 
leaves, then subjected to the designated chemical treatment. For the control, fruits were directly 
placed in cold storage after harvesting. The cold storage maintained temperatures between 5°C to 
7°C and relative humidity between 90% to 95%. The study duration spanned three months from 
December 17 to March 13, and after removal from cold storage, the fruits were kept for one week 
for further observation. Five randomly chosen samples from each treatment were analyzed for total 
soluble solids (TSS), weight loss, and incidence of rot. Data analysis was performed using Microsoft 
Excel and R Studio. Results showed that mandarin oranges treated with wax 10% combined with 
calcium chloride 4% deteriorated most rapidly (27), while those treated with Bavistin 0.1% showed 
the least degradation (1) in cold storage. Interestingly, no deterioration was observed in mandarin 
oranges treated with salicylic acid 4% after being removed from cold storage for a week. Regarding 
weight loss, calcium chloride treatment resulted in the lowest reduction (10%), whereas salicylic 
acid treatment led to the highest (15%). Wax 10% treatment showed the lowest concentration of 
total soluble solids (11%), whereas Bavistin 0.1% treatment exhibited the highest (12%).

Keyword: Calcium chloride, Mandarin orange, Cold store, Shelf life, Total Soluble Solid

Introduction
Mandarin oranges are important food sources in many parts of the world for several reasons. It is 
a type of citrus fruit that people often eat or they sniff the skin when grinded into a small powder.  
Mandarin orange is an evergreen tree in the family ruteacea grown for its edible fruit. Mandarin 
oranges are round orange colored fruit that grow on a tree  which can reach 10 m (33ft ) height. 
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They last longer than many other fruits when they are stored. The most important characteristic of 
freshly harvested fruits and vegetables is that, they are still alive and respiring (Snowdown, 1988).

Various viable technologies like use of fungicides, cold storage, controlled atmosphere storage, 
anti-transpirants, wax coating, growth retardants, irradiation, and different types of packaging 
materials, etc. have been used to increase the shelf life of harvested fruits in past decades 
(Yadav, 2010). Post-harvest treatments play a significant role in extending shelf life of the 
fruits (Deka, 2006). Nepal faces big losses of mandarin orange annually due to not adopting 
proper postharvest handling practices during harvesting, transportation and storage. Hence, to 
minimize these postharvest losses and to maximize the quantitative and qualitative parameters 
along with prolongation of storage capacity, postharvest treatments with wax and other safe 
fungicides are urgent for effective marketing of mandarin orange in the country.

Nearly 20-25 percent of mandarin orange fruits are wasted due to faulty postharvest management 
i.e.7% during harvesting, 25% during transportation, 3% while grading, 10% in packaging, 
5% during marketing (Bhattarai, et al. 2013). Since mandarin orange is a non-climacteric and 
perishable fruit, it cannot be kept for a long time during transportation and storage. Due to 
low adaptation of improved techniques during pre and post-harvest stage, both external and 
internal (TSS and TA) quality attributes are lost. The postharvest losses can be minimized 
by extension of shelf life through checking the rate of transpiration, respiration, microbial 
infection & protecting membranes from disorganization (Sahu, 2016). Among the different 
methods used to extend the shelf life alternative of low-cost technology i.e. the application 
of the edible coating (oil, wax, chemical) to fruit has received attention worldwide as these 
coatings are maintaining quality even under ordinary storage condition (Bisen, Pandey, & 
Patel, 2012). With these considerations in mind, this study was conducted to extend the life of 
mandarin oranges after harvest and to store the fruit for a long time in cold store using different 
concentration of calcium chloride along with the study on physiology of mandarin oranges 
(harvested and stored in different date) after removal from cold storage.

Material and Methods 
Experimental Site 
A post-harvest experiment was conducted at Aandhikhola Rural Municipality, Syangja cold 
store (Dec-Mar) in collaboration with Prime Minister Agriculture Modernization Project, 
Project Implementation Unit, Syangja. Two different studies were carried out accordingly in 
the cold store and after that for one week in outside the cold store.

Experimental Setup and Management
The experiment included six treatments (refer to Table 1) allocated in a CRD with three 
replications. mandarin oranges received varying chemical treatments and mandarin oranges 
were stored in cold storage for three months. After this cold storage period, the mandarin 
oranges were removed and kept outside for one week. In total, eighty eight numbers of fruits 
were allocated per treatment per replication.
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Table 1. Different treatments combinations used during research

S.N Treatments Time of  treatments

T1 Control No treatment

T2 Wax 10% 1 min dipping

T3 Bavistin  0.1% 2 min dipping

T4 Wax 10%+ calcium chloride  4% 2 min dipping

T5 Salicyclic acid  4% 2 min  dipping

T6 Calcium Chloride 4% 2 min  dipping

In the second phase of the study, mandarin oranges collected from cold storage were sampled 
with ten samples were taken per treatment. These samples were then placed on trays and 
left outside cold store for a week in a normal room temperature, with the date serving as an 
identifier for each treatment.

The mandarin oranges designated for cold storage were stored on the same date for research 
purposes. In each treatment, a total of eighty-eight fruits were placed in plastic crates and 
stored in cold storage for a period of three months (equivalent to 90 days). The shelf life 
of the mandarin oranges was then observed for one week. During the study period, 5-7° C 
temperature and 90 - 95 % of relative humidity was maintained in the cold storage, therefore 
fruits were transferred to a normal room temperature.

Parameters Observed 
During the study period, changes in post-harvest quality of mandarin orange were observed 
and data was recorded in a 10 days interval. Different qualitative parameters of fruits: 
physiological loss in weight (PLW), decay loss (Losses due to green mold, blue mold and cold 
rot), TSS were recorded. 

Physiological weight loss: For PLW, 5 fruits from each treatment were taken to observe 
changes in weight and recorded. PLW was calculated based on change in weight (Difference 
between initial and final weight of fruit) divided by initial weight and expressed in percentage.

PLW (%) =Initial weight- final weight / Initial weight * 100

Decay loss: Fruits were evaluated visually for symptoms of decay during the entire storage 
period (Cold storage and ambient condition). Samples having decayed and diseased symptoms 
were counted and discarded. Decay loss was calculated based on number of discarded fruits. 

Total soluble solid (TSS): For TSS determination in ºBrix, the hand-held refractometer 
(Model: Atago, Japan, N-1 Brix 0-32%) was used by placing two to three drops of clear juice 
on the prism surface.
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Data analysis 
The data taken during the study period was entered in Microsoft excel 2010. The analysis 
of variance was determined by using the statistical tool R-Studio version 1.1.463 and the 
significance was determined using DMRT.

Results
The research was conducted in the cold store for three months and after taken from cold store 
it was kept in normal room temperature.

In the cold store
Physiological Weight loss and Decayed loss: Very important findings were made when 
research was done on decaying mandarin orange. Salicyclic acid treatment (4%), followed 
by bavistin 0.1% treatment (0.3) had the least amount of mandarin orange decay (1). In the 
wax10%+calcium chloride 4% treatment, a significant quantity degraded (27).

The findings indicate that the salicyclic acid 4% treatment caused the most weight reduction 
(15.02%), followed by the control group (13.81%), while the calcium chloride 4% treatment 
caused the least weight loss (10.08%).

Table 2.  Effect on physiological weight loss and decayed loss of different treatments

Treatment Decayed loss(number) Physiological weight loss 
(%)

Bavistin  0.1% 0.3c 10.77a

Salicyclic acid  4%            1c 15.02a

Calcium Chloride 4%            6c 10.17a

Wax 10% 16.33b 10.08a

Wax 10%+ calcium chloride  4% 27a 11.18a

Control 7c 13.81a

Mean 9.61 11.9

F-value 2.73e-05 *** 0.32

CV(%) 28 25

Note: *** indicates the significance at 1% level of significance. CV: coefficient of variation

Total Soluble Solid: Research revealed a noteworthy finding in the case of Total Soluble 
Solid. The bavistin 0.1% treatment had the highest TSS (12.27%), followed by the control 
(12.09%). The Wax10% treatment had the lowest TSS (11.31%).
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Table 3. Effects on Total Soluble Solid of different treatments

Treatment Total Soluble Solid (%)

Bavistin 0.1%      12.27a

Salicyclic acid 4% 12.01abc

Calcium chloride 4% 11.55abc

Wax 10%+Calcium chloride 4% 11.46bc

Wax 10% 11.31c

Control 12.09ab

Mean 11.78
F-value 0.0494**

CV(%) 21

Note: ** indicates the significance at 5% level of significance, CV: coefficient of variation

After harvesting to cold store
Ten fruits per treatment were stored at room temperature after being taken from the cold 
storage to count the number of rotted fruit and total soluble solid. The results showed that the 
treatment with bavistin 0.1% had the highest TSS (13.1%), followed by the treatment with 
salicyclic acid 4%, and the treatment with calcium chloride 4% had the lowest TSS (11.67%). 
When it came to the number of rotten fruit, the wax 10%+calcium chloride 4% treatment had 
the maximum amount (7), whereas the salicyclic acid 4% treatment had none at all.

Figure 1. TSS and Decayed loss of mandarin orange after harvesting from cold store

Discussion 
According to the research, it was shown that dipping mandarin oranges in a bavistin 0.1% 
solution and  storing them in cold storage decreased the damage caused by green and blue 
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mold (Penicillium spp.) in comparison to other treatments. The minimum decay loss was 
noticed in the fruits with bavistin ( Rokaya et al., 2016).  Similar results on the decay loss 
were observed by Chaudhary and Dhaka (2005) and Yadav et al. (2010) in kinnow mandarin 
orange, who reported minimum decay loss using the fungicide during the storage.

The finding of research shows that maximum physiological weight loss was found in 
salicyclic acid and minimum physiological weight loss in the wax treated fruits might be due 
to retardation in the process of transpiration and respiration by closing of lenticels and stomata 
of the cell wall of the fruits. The losses in fruit weight and moisture content of the peel were 
mainly caused by fruit transpiration in which water moved out and resulted in wilted rind and a 
shrivelled appearance (Wills et al.,2007).These findings were in consonance with the report of 
the Bhusal (2002) , Bastakoti and Gautam (2007) in mandarin orange, Chaudhary and Dhaka 
(2005) in kinnow mandarin orange, Deka et al.(2006) in Khasi mandarin orange, Ahmad et 
al.(2005) in kinnow mandarin orange, Yadav et al.(2010) in kinnow mandarin orange, and 
Bhullar (1981) in sweet orange who found minimum weight loss in the fruits treated with wax 
emulsion.

Fruit treated with bavistin found higher TSS increment followed by control. The faster TSS 
increment in the untreated fruits might be due to faster metabolic activities through respiration 
and transpiration than in treated fruits with different chemicals. Jholgiker and Reddy (2007) 
claimed that the gradual increment in TSS of fruits treated with fungicide may be justified by 
the double role of fungicide, acting as a physical barrier for transpiration losses and creating a 
modified atmosphere resulting in building of internal CO2 and depletion of O2. Similar results 
were noticed by Sidhu et al. (2006) in pear; Deka et al. (2006).

Conclusion
Based on the aforementioned data, we may conclude that applying various fungicides to 
mandarin orange can reduce postharvest losses. The fruit quality was enhanced. The weight 
and decay loss were decreased by wax alone and bavistin. When stored at a temperature 
between 5°-7°C and 7˚C and a relative humidity from 90% to 95%, fruits treated with bavistin, 
salicyclic acid, and calcium chloride can last up to three months than those treated with other 
methods. This study will pave the way for the application of various post-harvest methods to 
minimize postharvest losses in cold storage.
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kl/ro 

;'Gtnf Citrus reticulate Blanco hft cGtu{t kg]{ ;'Gtn] /ftf] /+usf] af]s|fo'St :jflbnf], /l;nf] tyf ;'ulGwt 
Pjd\ s];|fbf/ kmn xf] . le6fldg tyf nj0fo'Qm o; kmn ;fdfGotof ^) u|fd b]lv !@) u|fd;Dd tf}nsf] x'g] ub{5 . 
;fy} kfSbf kmndf u'lnof]sf] dfqf (—!$ k|ltzt;Dd / ;fOl6«s Pl;8sf] ?kdf cldnf] )=& – !=) k|ltzt;Dd kfO{g] 
u/]sf] 5 . o;sf] :jflbnf]kgsf] sf/0fn] of] kmn ;]jg ubf{ :km"lt{sf] cg'ej x'g] x'Fbf w]/} h;f] :Sjf; nufot hfd, 
h]nL, dfd{n]8 cflb agfP/ vfg] ul/G5 . 

clxn] :yflgo ahf/df ;'Gtnf tfhf kmnsf] ?kdf Jofks ?kdf ljs|L ljt/0f eO{ /x]sf] 5 . k|zf]lwt pTkfbg eGbf 
tfhf kmn pkef]u ug'{ /fd|f] ePtf klg zx/Ls/0f tyf ko{6gsf] ljsf;sf] sf/0fn] ubf{ k|zf]lwt kl/sf/x? h:t} 
h';, hfd tyf h]nLsf] df+u klg lbg k|lt lbg al9/x]sf] cj:yfdf df+unfO{ wfGg ljb]zaf6 w]/} kl/df0fdf o:tf 
vfBkbfy{x? cfoft ug'{ k/]sf] 5 . ;'Gtnf gfzjfg vfBj:t' (Perishable food) ePsf] sf/0fn]  ubf{ of] nfdf] 
;do;Dd pko'Qm e08f/0f k|ljlw gckgfO{ kmnnfO{ tfhf tyf u'0f:t/o'Qm sfod /fVg ;lsb}g . sd u'0f:t/sf] 
sf/0fn] ahf/df @%–$) k|ltzt ;'Gtnf s[ifsx?n] sd d"Nodf las|L ljt/0f ug'{ kg]{ jfWotf 5 . o;} sf/0f 
ahf/df sd d"Nodf laj|mL ug{ kg]{ sd;n u|]8sf -cfsf/ ;fgf] jf ;fOh_ ;'Gtnfaf6 klg /fd|f] d"No cfh{g ug{, 
pTkfbgf]k/fGt x'g] Iflt sd ug{ ;fy} cfoft k|lt:yfkg ug{sf] nflu k|zf]wg pBf]usf cfjZostfsf] vfFrf] b]lvPsf] 
5 . To;}n] ;'Gtnfsf] clwstd pkof]u ul/ /fd|f] cfo cfh{g ug{sf] nflu cfw'lgs k|ljlwo'Qm k|zf]wg pBf]usf] 
:yfkgfsf] ;fy} Joj;foLs/0fsf] ;d]t cfjZostf x'G5 . o:tf k"jf{wf/sf] ;xof]un] :yflgo >f]t tyf ;fwgsf] 
k|of]u tyf pTkfbgdf ljljlws/0f u/L d"No clej[l4 u/]/ ls;fgsf] hLjg:t/ psf:g ;lsG5 . 

;'Gtnfaf6 agfpg ;lsg] kl/sf/x?

;'GtnfnfO{ k|zf]wg ul/ agfpg ;lsg] vfB kbf{yx?df :Sjf;, hfd, h]nL, dfdf{n]8, ;'Gtnfsf] af]s|fsf] Sof08L 
(peel candy) / ;'sfPsf] s];|f cflb x'g\ . tL kl/sf/x? k|zf]wg ug{ pkof]uL k|ljlwx? tn pNn]v ul/Psf] 5 . 

:Sjf; (Squash) 

:Sjf; eGgfn] af]s|f / laofF x6fO{ ;s] kl5 k|fKt x'g] kmnk"mnsf] /;df cfjZos dfqfdf lrgL, cldnf] / kfgL ldnfO{ tof/ 
ul/g] k]o kbfy{ xf] . tof/L :Sjf;nfO{ cfsif{s agfpg kmn ;'xfpFbf] vfB /+u tyf jf:gf klg /fVg ;lsG5 . ;fy} nfdf] 
;do;Dd ;+/If0f ug{ /f;folgs kl//IfL ;d]t /fVg ;lsG5 . o;nfO{ lkpg] a]nfdf ;fdfGotof ! efu :Sjf;df # efu 
;kmf lkpg] kfgL ld;fP/ kftnf] agfP/ lkpg] ul/G5 . :Sjf;nfO{ slxn] klg kfgL gld;fO{sg To;} lkpg x'+b}g . kl//IfLn] 
:Sjf;sf] af]tnsf] lasf]{ vf]ln;s]kl5 klg nfdf] ;do;Dd k|of]u ug{ ;lsG5 / /]lk|mh/]6/leq /fVg h?/L kb}{g .

;'Gtnf / kl/sf/ ljljlws/0f
8f= x'df af]lvd*

vfB k|ljlw tyf u'0f lgoGq0f ljefu, aa/dxn, sf7df8f}+
*Corresponding Author : hkbukkhim@gmail.com
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cfjZos ;fdfu|Lx?

xft] jf ljB'lto h';/ d]lzg, :6]Gn]; :6Lnsf 8}SrL, af6f, 8f8' kGo", du, rSs', d]hl/Í l;ln08/, :6f]e jf Uof;, 
lzzf jf Knfl:6s af]tn, lasf]{, t/fh', dndn jf em'n sk8f, n]jn, cflb .

cfjZos sRrf kbfy{x? 

kfs]sf] ;'Gtnf, lrgL, ;fO{l6«s Pl;8, kf]6fl;od d]6fafO{;NkmfO6 (KMS), vfB /+u / jf:gf .

;ld>0f tflnsf -l/l;lk_

sRrf kbfy{ dfqf
kmn /; !=) s]=hL=
lrgL  !=& s]=hL=
kfgL !=# s]=hL=
;fO{l6«s Pl;8 $)=) u|fd

s]=Pd=P;= (KMS)* @=$ u|fd

vfB /+u (Orange Red) )=* u|fd

*;nkm/8fOcS;fO8sf] >f]tsf] ?kdf KMS k|of]u ul/G5 .      

:Sjf; agfpFbf Wofg lbg' kg]{ s'/fx?

 y s'lxPsf], ;8]un]sf] kmnsf] k|of]u gug]{ .
 y u'bLo'Qm /;sf] k|of]u ug]{ . 
 y k|of]u ul/g] kfgL :jR5 / hLjf0f'/lxt x'g'k5{ / k|of]udf cfpg] kNk/, efF8f cflb ;kmf x'g' kb{5 .
 y kl//IfL / vfB /+u :Sjf;df xfNg cufj} yf]/} /; jf ;kmf lr;f] kfgLdf 3f]Ng' kb{5 . kl//IfL tftf] :Sjf;df 

/fVg' x'+b}g . 
 y :Sjf; eg]{ af]tn tyf lasf]{ /fd|/L lgd{nLs/0f ul/Psf] / l;n ug{ ldNg] x'g'k5{ . ;fy} kmnfdo'Qm efF8f 

jt{gx?sf] k|of]u ug'{ x'+b}g . 

g]kfn ;/sf/n] kmnkm"nsf] :Sjf; eg]/ lgDgfg';f/ kl/efiff u/]sf] 5M

kmnkm"nsf] :Sjf; eGgfn] lrgL, 8]S:6«f]h (Dextrose), OGe6{ ;'u/ (Invert sugar), lnSjL8 Un'sf]h (Liquid 
glucose) dWo] s'g} Ps jf ;a} ld;fPsf] / lgDg s'/fx? ePsf] jf gePsf] kfs]sf] :j:y kmnaf6 u'bL ;d]t 
cfpg] u/L lgsflnPsf] /;nfO{ ;Demg' k5{M

s_  kfgL, kmnsf] jf]j|mfaf6 lg:s]sf] t]n (Peel oil), kmnkm"nsf] ;'uGw .
v_  ;fOl6«s Pl;8 (Citric acid), P:slj{s Pl;8 (Ascorbic acid) .
u_  kl//IfL (Preservatives) / vfB /+ux? .
3_  kmnsf] kbfy{sf] Go"gtd efu a§f c6fpg] kfgLsf] dfqfsf] () k|ltzt / s"n 3'nglzn 7f]; kbfy{ $) 

k|ltzt / ;DalGwt kmn /;sf] efu @% k|ltztdf g36]sf] x'g'kb{5 .
gf]6M ;'Gtnfsf] :Sjf;df kl//IfLsf] ?kdf ;Nkm/8fOcS;fO8 (Sulfurdioxide) :Sjf;sf] dfqfsf] cfwf/df 
clwStd #%) lk=lk=Pd= jf j]~hf]Os Pl;8 ^)) lk=lk=Pd= ;Dd k|of]u ug{ ;lsG5 .
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 y :Sjf;sf] /+u / jf;gf k|fs[lts kmnsf] /+u / jf;gf;Fu ;'xfpFbf] /fVg' kb{5 . 
 y :Sjf; ebf{ af]tnsf] s'n cfotgsf] () k|ltzteGbf sd eg'{ x'+b}g . 
 y l;njGbL ul/;s]kl5 af]tndf n]an nufpg' kb{5 . 
 y tof/L :Sjf;nfO{ lr;f] tyf ;'VVff 7fpFdf e08f/0f ug'{kb{5 . 

:Sjf; agfpg] qmda4 tflnsf 
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;'Gtnfsf] :Sjf;sf] nflu pko'St Kofs]lh· ;fdfu|Lx?

;'Gtnfsf] tof/L :Sjf; Kofs ug{ pko'St kbfy{df ;fgf] d'v ePsf] lzzfsf] af]tn dflgG5 . lzzfsf] af]tnn] 
:Sjf; agfpFbf xflng] s'g} klg sRrf kbfy{;Fu k|ltls|of ub}{g . t;y{ pkef]Uo ;do;Dd plrt tl/sfn] e08f/0f 
u/] :Sjf;sf] :jfb, af;gf nufot cGo rfl/lqs u'0fdf vf;} kl/jt{g cfpb}g . tyfkL k|ToIf ck|ToIf k|sfz 
/ tfksf sf/0f :Sjf;sf] /Ëdf eg] s]xL lkmsfkg cfpg ;Sg] x'gfn] g} lr;f], ;"o{sf] k|ToIf ls/0f, k|sfz gkg]{ 
;'Svf sIfdf e08f/ ug{ plrt dflgG5 . dfly pNn]v u/] adf]lhd kl//IfL -s]=Pd=P;=_ k|of]u u/L pTkfbg ul/Psf] 
:Sjf;nfO{ lzzfsf] af]tndf /fd|/L lasf]{ nufP/ pko'St cj:yfdf e08f/ u/] pTkfbg u/]sf] ldltn] b'O{ jif{;Dd 
pkef]Uo cj:yfdf /xG5 . oBlk lzzfsf] af]tn ux|fF} sRrL / dxFuf] ;d]t x'g ePsf]n] 9'jfgL ubf{ 6'6\g] km'6\g] 
;Defjgf x'g] x'Fbf xfn cfP/ Knfli6ssf] af]tn ljsNkdf k|of]u ul/Psf] kfOG5 . Knfli6s dWo] ;a}eGbf plrt PET 
(Polyethylene terephthalate) dflgG5 eg] s]xL ;:tf] / sd;n u'0f ePsf] Knfli6s kf]lnlyg klg k|of]u ug{ 
;lsG5 . h'g;'s} Knfli6ssf] af]tn k|of]u u/] klg pkef]Uo ldlt eg] clwStd !@ dlxgf;Dd dfq pNn]v ug{ plrt 
x'G5 . o; lsl;dsf Knfli6ssf af]tnaf6 ;do;Fu} :Sjf;df /x]sf] kl//IfL ;Nkm/8fOcS;fO8 p8]/ hfg] ePsf]n] 
o;sf] dfqfdf sdL cfO{ nfdf] ;do;Dd :Sjf;nfO{ ;+/If0f ug{ ;Sb}g . 

;'Gtnfsf] hfd 

hfd eGgfn] kmnkm"nsf] /; jf u'bLdf tf]lsPsf] dfqfdf lrgL, cldnf] tyf k]S6Lg ld;fP/ afSnf] hDg] u/L ksfP/ 
tof/ ul/Psf] vfB kbfy{nfO{ a'emfpFb5 . o;df cfjZostf cg';f/ vfB lgodsf] kl/lwleq /x]/ vfg] /+u tyf 
jf:gf klg ld;fpg ;lsG5 . u|]l8Ë u/]/ ;fgf tyf 5gf}6] t/ :j:y ;'Gtnf tfhf kmnsf] ?kdf ahf/df sd d"Nodf 
ljj|mL ug{'sf] ;§f kmnaf6 hfd agfpg ;lsg] ePsf]n] d"No clej[l¢ u/L ;'Gtnf ahf/Ls/0fsf] nflu yk ;xof]u 
k'Ub5 . kmnnfO{ ;/n tl/sfn] ;+/If0f u/]/ /fVg] of] Pp6f d'Vo ljlw xf] ;fy} hfd k|zf]wg ug{ s]xL ;/n cf}hf/ tyf 
pks/0fx? dfq eP klg k'Ub5 . o;nfO{ ljz]if u/L kfp/f]6Ldf bn]/ vfO{G5 eg] cGo ljleGg lsl;dsf /f]6Lx?df klg 
bn]/ vfg ;lsG5 . 

g]kfn ;/sf/n] kmnkm"nsf] hfd eg]/ lgDgfg';f/ kl/efiff u/]sf] 5M
……hfdÆ eGgfn] tfhf jf ;'sfPsf] jf Sofg ul/Psf] kmn jf kmnsf] u'bLnfO{ kfgL, lrgL, 8]S:6«f]h (Dextrose), OGe6{ ;'u/ 
(Invert sugar), lnSjL8 Un'sf]h (Liquid glucose) dWo] s'g} Ps jf ;f] eGbf a9L ld;fOPsf] / To;df b]xfosf kbfy{x? 
ld;fO{ jf gld;fO{ cfjZoStfg';f/ hDg] u/L pdfnL k|zf]wg ul/Psf] kbfy{nfO{ ;Demg' k5{M

s_ ;fOl6«s Pl;8 (Citric acid), P:slj{s Pl;8 (Ascorbic acid), d]lns Pl;8 (Malic acid) .
v_ kl//IfL (Preservatives) / vfB /Ëx? .

u_ kmn/; jf u'bLsf] ?kdf /x]sf] k]lS6g / 3'ngzLn 7f]; kbfy{ slDtdf ^% k|ltzt /x]sf] x'g'kg]{ 5 .

3_ ;DalGwt kmnsf] k]lS6g afx]s cGo k]lS6g (Pectin), cuf/ (Agar) jf lhnfl6g (Gelatin) gePsf] .

ª_ kmn kbfy{sf] Go"gtd efu (Fill of container) a§fdf c6fpg] kfgLsf] dfqfsf] () k|ltztdf g36]sf] x'g'kg]{ 5 .

gf]6M ;'Gtnfsf] hfddf kl//IfLsf] ?kdf ;Nkm/8fOcS;fO8 (Sulfurdioxide) hfdsf] dfqfsf] cfwf/df clwstd 
$) lk=lk=Pd= jf j]~hf]Os Pl;8 @)) lk=lk=Pd= jf ;lj{s Pl;8 %)) lk=lk=Pd= ;Dd k|of]u ug{ ;lsG5 .
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hfd agfpgsf] nflu k]S6Lg -kmndf kfO{g] Ps k|sf/sf] tTj xf] h;n] plrt ;dfof]hgdf u'lnof], cldnf] / kfgLsf] 
hfnf] agfO{ hDg d2t ub{5_ w]/} ePsf] kmnsf] cfjZostf kb{5 . ;'Gtnf k]lS6g a9L ePsf] kmn ePtf klg o;sf] 
k]lS6g af]j|mfdf x'g] ePsf] t/ /;df k]lS6g sd x'g] ePsf] x'Fbf k]S6Lg a9L ePsf] kmnx? h:t} cf?, cf?av8f, 
:ofp, gf:kftL, cDaf, d]jf cflb kmn;+u ;ld>0f u/L ldl>t hfd ;d]t agfpg ;lsG5 . pRr sf]6Lsf hfd pTkfbg 
ug{sf] nflu tof/L hfdsf] tf}nsf] cfwf/df k]lS6g -!%_, u'lnof] -s"n 3'nglzn 7f]; kbfy{ slDtdf ^%Ü_ tyf 
cldnf] -a9Ldf )=*%_ sf] /fd|f] ;Gt'ng x'g' h?/L x'G5 . hfd agfpg] sRrf kbfy{sf] plrt 5gf}6, k|zf]wg ljlw / 
;/;kmfO{df ljz]if Vofn /fVg' kb{5 .  

cfjZos ;fdfu|Lx?

xft] jf ljB'lto h';/ d]lzg, kNk/, :6]Gn]; :6Lnsf 8]SrL, af6f, 8f8' kGo", du, rSs', d]hl/Ë l;ln08/, :6f]e, 
lzzfsf hfd af]tn, lasf]{, t/fh', dndn jf em'n sk8f, n]an, cflb .

cfjZos sRrf kbfy{x? 

kfs]sf] ;'Gtnf, lrgL, ;fO{l6«s Pl;8, vfB /+u / jf:gf .

tflnsf @= ;ld>0f tflnsf -l/l;lk_

sRrf kbfy{ dfqf

kmn /; jf u'bL !=) s]=hL=

lrgL )=* s]=hL= 

;fO{l6«s Pl;8 %=) u|fd

vfB /+u -Orange red_ )=@% u|fd

jf:gf % – !) ld=nL=

hfd agfpFbf Wofg lbg' kg]{ s'/fx?

•	 hfd ksfpFbf cfuf]sf] cfFr 7"nf] kfg'{ kb{5 cGoyf hfd /fd|f];Fu ghDg ;Sb5 . 

•	 hfdnfO{ ;se/ lgd{nLs/0f ul/Psf] sfFrsf efF8f -lzzL_df eg'{ kb{5 .  

•	 hfdnfO{ lzzLdf el/;s]kl5 /fd|/L ;]nfPkl5 dfq lasf]{ aGb ug'{kb{5 .

•	 hfd ksfpFbf ;a} lrgL Ps} k6s /fVbf hfd 89\g] jf cldnf] kbfy{ klxn] g} ld;fpFbf /fd|/L ghDg] x'G5 .    
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hfd agfpg] qmda4 tflnsf hfd jgfpg] s|da4 tflnsf  

  kmnsf] 5gf}6 
  
 ;kmf ug]{ / Aff]s|f, la+of cflb x6fpg]  
 
 h';/df /flv /; lgsfNg] jf kNk/df /flv k]Ng] 
 
 u'bLo'St /;     lrgL hf]Vg] 
 
    Hff]Vg]   # efu nufpg] 
 
   ld;fpg]   ! efu lrgL 
 
 s]lx a]/ ksfpg] 
 
   ld;fpg]   af+ls @ efu lrgL 
      -@ k6s u/]/_ 
 afSnf] geP;Dd ksfpg] 
 
 kfSg] a]nfdf cldnf] -;fO{l6«s Pl;8_ ld;fpg]  
 -^# – ^$ l8u|L la|S; k'u] kl5 hfd cfuf]af6 x6fpg]_ 
 
  vfB /+u Yff]/} ;kmf kfgLdf 3f]n]/ ld;fpg] 
 
  af:gf ld;fpg] 
 
  hfd -;]nfpbf ^% l8u|L la|S; k'Ug' kb{5_ 
 
  tfQft} af]6ndf eg]{ -tfks|d *% l8u|L ;]= eGbf sd x'g' x'b}g_ 
 
  ljsf]{ nufpg] -xNsf_ 
 
  ;]nfpg] -xfjfdf /fv]/_    ljsf]{ s:g]    n]jn nufpg]          e08f/ ug]{               
         -lr;f], ;'Vff, ;kmf 7f+pdf_ 

lrq g+= #= hfd agfpg] qmda4 tflnsf



403
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

;'Gtnfsf] h]nL 

h]nL eGgfn] kmnkm"nsf]]] u'bL/lxt ;ª\nf] /;df tf]lsPsf] dfqfdf lrgL, cldnf] tyf k]S6Lg ld;fP/ afSnf] hDg] u/L 
ksfP/ tof/ ul/Psf] vfB kbfy{nfO{ a'emfpFb5 . /fd|f] u'0f:t/sf] h]nL s8f geOsg kf/bzL{ eO /fd|f];+u hd]sf] / 
kmnsf] jf:tljs :jfb ePsf] x'g'kb5{ . of] ud h:tf] 6f+l;g] jf aUg] tyf aflx/af6 lrgLsf] s0f hd]sf] x'g' x'+b}g . 
o;df cfjZostf cg';f/ vfB lgodsf] kl/lwleq /x]/ vfg] /+u tyf jf:gf klg ld;fpg ;lsG5 . o;nfO{ klg hfd 
h:t} u/L kfp/f]6Ldf bn]/ vfO{G5 eg] cGo ljleGg lsl;dsf /f]6Lx?df klg bn]/ vfg ;lsG5 . 

k]lS6g -kmndf kfO{g] Ps k|sf/sf] tTj xf] h;n] plrt ;dfof]hgdf u'lnof], cldnf] / kfgLsf] hfnf] agfO{ hDg d2t 
ub{5_ a9L ePsf] kmnx? h:t} cf?, cf?av8f, :ofp, gf:kftL, cDaf, v'kf{gL, d]jf cflb af6 /fd|f] h]nL agfpg 
;lsG5 . t/ ;'Gtnf k]S6Lg sd ePsf] kmn ePsf] x'Fbf o;df aflx/af6 k]lS6g yk ug'{ kb{5 . h]nLdf ;fwf/0ftof 
s"n kmn kbfy{ 36Ldf $% k|ltzg, s"n 3'nglzn 7f]; kbfy{ slDtdf ^% k|ltzt / cDntf )=% b]lv !=) k|ltzt 
;Dd x'g' plrt dflgG5 . 

cfjZos ;fdfu|Lx? tyf sRrf kbfy{x?

hfddf h:t} .

tflnsf #= ;ld>0f tflnsf -l/l;lk_

sRrf kbfy{ dfqf

;'Gtnfsf] ;ª\nf] /; !=) s]=hL=

lrgL )=* – )=( s]=hL= 

k]lS6g @=%—%=) u|fd

;fO{l6«s Pl;8 @=) – %=) u|fd

vfB /+u -Orange red_ )=@ u|fd

jf:gf % – !) ld=nL=

h]nL agfpg] qmda4 tflnsf 

 
h]nL jgfpg] s|da4 tflnsf  

  kmnsf] 5gf}6 
  
   ;kmf ug]{ 
 

Aff]s|f tf5\g] -leqL ;]tf] efu gx6\g] u/L_ 
 
  Kfftnf] rfgf -rSsfbf/_ kfg]{ 
  

Rffgf 5f]Kg] u/L kfgL /fVg] -! s]=lh= rfgfdf ! s]=lh= kfgL_ 
   
  #)—$% ldg]6 pdfNg] 

-l7Ss cf+rsf] cfuf]df_ 
 

5fGg] -dndn sk8fdf_ 
     
     k]S6Lgo"Qm /; 

cUnf] ef+8f]df lr;f] 7fpFdf 5f]k]/ /fvL lyu|fpg]   
 -$—* 306f_ 
      
 dflysf] ;+Unf] /; dfq lng], k]mbsf] y]uf/ jf n]bf] k|of]u gug]{   
      
 ;+Unf] /; Hff]Vg]          lrgL      
    

  ld;fpg]        ! efu lrgL          # efu nufpg]  
                         

 s]lx a]/ ksfpg] 

   ld;fpg]   af+ls @ efu lrgLdf k]lS6g /fd|/L ld;fpg] 
     -@ k6s u/]/ yf]/} yf]/} u/]/ kfSb} u/]sf] /;df xfNg]_ 

afSnf] geP;Dd ksfpg] 
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h]nL jgfpg] s|da4 tflnsf  

  kmnsf] 5gf}6 
  
   ;kmf ug]{ 
 

Aff]s|f tf5\g] -leqL ;]tf] efu gx6\g] u/L_ 
 
  Kfftnf] rfgf -rSsfbf/_ kfg]{ 
  

Rffgf 5f]Kg] u/L kfgL /fVg] -! s]=lh= rfgfdf ! s]=lh= kfgL_ 
   
  #)—$% ldg]6 pdfNg] 

-l7Ss cf+rsf] cfuf]df_ 
 

5fGg] -dndn sk8fdf_ 
     
     k]S6Lgo"Qm /; 

cUnf] ef+8f]df lr;f] 7fpFdf 5f]k]/ /fvL lyu|fpg]   
 -$—* 306f_ 
      
 dflysf] ;+Unf] /; dfq lng], k]mbsf] y]uf/ jf n]bf] k|of]u gug]{   
      
 ;+Unf] /; Hff]Vg]          lrgL      
    

  ld;fpg]        ! efu lrgL          # efu nufpg]  
                         

 s]lx a]/ ksfpg] 

   ld;fpg]   af+ls @ efu lrgLdf k]lS6g /fd|/L ld;fpg] 
     -@ k6s u/]/ yf]/} yf]/} u/]/ kfSb} u/]sf] /;df xfNg]_ 

afSnf] geP;Dd ksfpg] 

       
kfSg] a]nfdf cldnf] ld;fpg]   ;fO{l6«s Pl;8 

 
   vfB /+u / af;gf ld;fpg] 
 
 h]nL tof/ 
 
     tfQft} af]6ndf eg]{ -tfks|d *% l8u|L ;]= eGbf sd x'g' x'b}g_ 
 
    ljsf]{ nufpg] -xNsf_, ;]nfpg] / n]jn nufpg] 
  
 
   e08f/ ug]{ -lr;f],;'Vff / ;kmf 7f+pdf_ 
 
h]nL agfp+bf Wofg lbg' kg]{ s'/fx? 

 kmnsf] /;sf] tf}nsf] cfwf/df l/;LkLdf lbOP cg';f/ cGo ;fdfu|Lx? lrgL, 
;fOl6«s Pl;8, /+u, af:gf hf]v]/ dfq /fVg] . 

 h]nL agfpg] /; ;+Unf] x'g'kb{5 . cGoyf h]nL wldnf] aG5 . 
 Hf]nL ksfp+bf cfuf]sf] cf+r rsf]{] kfg'{ kb{5 cGoyf h]nL /fd|f];+u hDb}g .  
 Hf]nLnfO{ ;se/ lgd{nLs/0f ul/Psf] sf+rsf ef+8f -lzlz_df eg'{ kb{5 .   
 h]nLnfO{ lzlzdf el/;s]kl5 /fd|/L ;]nfPkl5 dfq ljsf]{ aGb ug'{kb{5 . 
 ;Dk"0f{ lrgL Ps} k6s /fVbf jf cldnf] kbfy{ klxn] g} ld;fp+bf h]nL /fd|/L 

hDg ;Sb}g .  
 k]lS6g lrgLdf /fd|/L ld;fP/ dfq k|of]u ug]{ gq 8Nnf k/]/ h]nL hDb}g. 

 
$= ;'Gtnfsf] dfdf{n]8  

hfd jf h]nLdf kmnsf] af]s|f dl;gf] s];|fsf] ?kdf ld;fP/ dfdf{n]8 tof/ ul/G5 . 
hfddf af]s|f ld;fPsf] 5 eg] hfd dfdf{n]8 / h]nLdf ld;fPsf] 5 eg] h]nL dfdf{n]8 
elgG5  

 dfdf{n]8 agfpg klg hfd h]nL agfp+bf h:t} cfjZos kg]{ s'/fx? ldn]sf] 
x'g'kb{5 . dfdf{n]8 k|fo ;fO6«; hftsf kmnaf6 agfpg plrt dflgG5 . o:tf kmnx? 
kfs]kl5 dfq l6Kg' /fd|f] x'G5 . lsgeg] sf+rf]df l6lkPsf] kmnaf6 dfdf{n]8 hDb}g . 

lrq g+= $= h]nL agfpg] qmda4 tflnsf
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h]nL agfpFbf Wofg lbg' kg]{ s'/fx?

•	 kmnsf] /;sf] tf}nsf] cfwf/df l/;LkLdf lbOP cg';f/ cGo ;fdfu|Lx? lrgL, ;fOl6«s Pl;8, /+u, af:gf hf]v]/ 
dfq /fVg] .

•	 h]nL agfpg] /; ;ª\nf] x'g'kb{5 . cGoyf h]nL wldnf] aG5 .
•	 h]]nL ksfpFbf cfuf]sf] cfFr rsf]{] kfg'{ kb{5 cGoyf h]nL /fd|f];+u hDb}g . 
•	 h]]nLnfO{ ;se/ lgd{nLs/0f ul/Psf] sfFrsf efF8f -lzzL_df eg'{ kb{5 .  
•	 h]nLnfO{ lzlzdf el/;s]kl5 /fd|/L ;]nfPkl5 dfq lasf]{ aGb ug'{kb{5 .
•	 ;Dk"0f{ lrgL Ps} k6s /fVbf jf cldnf] kbfy{ klxn] g} ld;fpFbf h]nL /fd|/L hDg ;Sb}g . 
•	 k]lS6g lrgLdf /fd|/L ld;fP/ dfq k|of]u ug]{ gq 8Nnf k/]/ h]nL hDb}g.

;'Gtnfsf] dfdf{n]8 

hfd jf h]nLdf kmnsf] af]s|f dl;gf] s];|fsf] ?kdf ld;fP/ dfdf{n]8 tof/ ul/G5 . hfddf af]s|f ld;fPsf] 5 eg] hfd 
dfdf{n]8 / h]nLdf ld;fPsf] 5 eg] h]nL dfdf{n]8 elgG5 .

dfdf{n]8 agfpg klg hfd h]nL agfpFbf h:t} cfjZos kg]{ s'/fx? ldn]sf] x'g'kb{5 . dfdf{n]8 k|fo l;6«; hftsf 
kmnaf6 agfpg plrt dflgG5 . o:tf kmnx? kfs]kl5 dfq l6Kg' /fd|f] x'G5 . lsgeg] sfFrf]df l6lkPsf] kmnaf6 
dfdf{n]8 hDb}g . ;fy} dfdf{n]8df l;6«; kmnsf] af]s|f klg k|of]u x'g] ePsf]n] pQm af]s|f klg cfsif{s /+u r9]sf] x'g' 
kb{5 . 

dfdf{n]8 agfpFbf hfd jf h]nL kfSg] ljGb' k'Ug' cufa} af]s|fsf] s];|f ld;fpg' kg]{ ePsf]n] ;j{k|yd af]s|fsf] tof/L 
ul/;s]kl5 dfq hfd jf h]nL ksfpg] ug'{kb{5 . cyf{t hfd jf h]nL kfSg eGbf s]lx cufl8 -sl/a ^)—^@ l8u|L 
la|S; k'u]kl5_  tof/ ul/Psf] kmnsf] af]s|fsf] s];|f xfn]/ /fd|/L rnfO{ ksfpg' kb{5 / / hfd jf h]nLsf] h:t} s"n 
3"nglzn 7f]; kbfy{ slDtdf ^% k|ltzt gx'Gh]n;Dd ksfpg] . af]s|fsf] s];|f ld;fpFbf ;fwf/0ftof kmnsf] /; jf 
u'bLsf] cfwf/df )=! b]lv !=) k|ltzt ;Dd ld;fpg] ul/G5 . cGo cufl8sf] ljlw hfd jf h]nL ksfP h:t} ePsf] 
x'b+f o+xf af]s|fsf] s];|fsf] tof/L / kfSb} u/]sf] hfd jf h]nLdf ld;fpg] tl/sfsf] dfq pNn]v ul/Psf] 5 . hfd jf 
h]nL dfdf{n]8sf] nflu cfjZos ;fdfu|L / sRrf kbfy{x? klg hfd tyf h]nLsf] nflu rfx] cg'?k dfly g} pNn]v 
ul/Psf] 5 . 

dfdf{n]8sf] nflu rflxg] af]j|mf agfpg] s|da4 tflnsf 

 

;fy} dfdf{n]8df ;fO6«; kmnsf] af]s|f klg k|of]u x'g] ePsf]n] pQm af]s|f klg cfsif{s 
/+u r9]sf] x'g' kb{5 .  

 dfdf{n]8 agfp+bf hfd jf h]nL kfSg] ljGb' k'Ug' cufa} af]s|fsf] s];|f ld;fpg' 
kg]{ ePsf]n] ;j{k|yd af]s|fsf] tof/L ul/;s]kl5 dfq hfd jf h]nL ksfpg] ug'{kb{5 . 
cyf{t hfd jf h]nL kfSg eGbf s]lx cuf8L -sl/j ^)—^@ l8u|L la|S; k'u]kl5_  
tof/ ul/Psf] kmnsf] af]s|fsf] s];|f xfn]/ /fd|/L rnfO{ ksfpg' kb{5 / / hfd jf 
h]nLsf] h:t} s"n 3"nglzn 7f]; kbfy{ slDtdf ^% k|ltzt gx'Gh]n ;Dd ksfpg] . 
af]s|fsf] s];|f ld;fp+bf ;fwf/0ftof kmnsf] /; jf u'bLsf] cfwf/df )=! b]lv !=) 
k|ltzt ;Dd ld;fpg] ul/G5 . cGo cufl8sf] ljlw hfd jf h]nL ksfP h:t} ePsf] 
x'b+f o+xf af]s|fsf] s];|fsf] tof/L / kfSb} u/]sf] hfd jf h]nLdf ld;fpg] tl/sfsf] dfq 
pNn]v ul/Psf] 5 . hfd jf h]nL dfdf{n]8sf] nflu cfjZos ;fdfu|L / sRrf 
kbfy{x? klg hfd tyf h]nLsf] nflu rfx] cg'?k dfly g} pNn]v ul/Psf] 5 .  

dfdf{n]8sf] nflu rflxg] af]j|mf agfpg] s|da4 tflnsf  

  kfs]sf] ;'Gtnfsf] af]s|f 
  
 af]s|fsf] leqsf] ;]tf] efu v;|]/ jf tf5]/ x6fpg] 
 
    kvfNg] 
 
  nfdf] Kfftnf] 6's|f kfg]{  
   -sl/j @—@=% ;]=dL=_ 
  
   !%—@) ldg]6 )=% k|ltzt ;fO{l6«s Pl;8sf] 3f]ndf pdfNg]  
 
   lgyf{g] 
 

kfgL km]/L k'g pdfNg] 
 

lgyf{g] -af]j|mfnfO{ olts} klg k|of]u ug{ ;lsG5 t/ af]j|mf h]nLdf dfly pqG5_ 
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;fy} dfdf{n]8df ;fO6«; kmnsf] af]s|f klg k|of]u x'g] ePsf]n] pQm af]s|f klg cfsif{s 
/+u r9]sf] x'g' kb{5 .  

 dfdf{n]8 agfp+bf hfd jf h]nL kfSg] ljGb' k'Ug' cufa} af]s|fsf] s];|f ld;fpg' 
kg]{ ePsf]n] ;j{k|yd af]s|fsf] tof/L ul/;s]kl5 dfq hfd jf h]nL ksfpg] ug'{kb{5 . 
cyf{t hfd jf h]nL kfSg eGbf s]lx cuf8L -sl/j ^)—^@ l8u|L la|S; k'u]kl5_  
tof/ ul/Psf] kmnsf] af]s|fsf] s];|f xfn]/ /fd|/L rnfO{ ksfpg' kb{5 / / hfd jf 
h]nLsf] h:t} s"n 3"nglzn 7f]; kbfy{ slDtdf ^% k|ltzt gx'Gh]n ;Dd ksfpg] . 
af]s|fsf] s];|f ld;fp+bf ;fwf/0ftof kmnsf] /; jf u'bLsf] cfwf/df )=! b]lv !=) 
k|ltzt ;Dd ld;fpg] ul/G5 . cGo cufl8sf] ljlw hfd jf h]nL ksfP h:t} ePsf] 
x'b+f o+xf af]s|fsf] s];|fsf] tof/L / kfSb} u/]sf] hfd jf h]nLdf ld;fpg] tl/sfsf] dfq 
pNn]v ul/Psf] 5 . hfd jf h]nL dfdf{n]8sf] nflu cfjZos ;fdfu|L / sRrf 
kbfy{x? klg hfd tyf h]nLsf] nflu rfx] cg'?k dfly g} pNn]v ul/Psf] 5 .  

dfdf{n]8sf] nflu rflxg] af]j|mf agfpg] s|da4 tflnsf  

  kfs]sf] ;'Gtnfsf] af]s|f 
  
 af]s|fsf] leqsf] ;]tf] efu v;|]/ jf tf5]/ x6fpg] 
 
    kvfNg] 
 
  nfdf] Kfftnf] 6's|f kfg]{  
   -sl/j @—@=% ;]=dL=_ 
  
   !%—@) ldg]6 )=% k|ltzt ;fO{l6«s Pl;8sf] 3f]ndf pdfNg]  
 
   lgyf{g] 
 

kfgL km]/L k'g pdfNg] 
 

lgyf{g] -af]j|mfnfO{ olts} klg k|of]u ug{ ;lsG5 t/ af]j|mf h]nLdf dfly pqG5_ 
     

 

 

af]s|fnfO{ $)% sf] rf:gLdf /fvL kf/bzL{ geP;Dd ksfpg] -o;/L agfPsf] 
af]j|mf h]nLdf pqb}g_ 

 
 kf/bzL{ af]j|mfnfO{ rf:gLaf6 lgsfNg] 
 

tof/L af]s|fnfO{ dfqf cg';f/ hf]Vg] 
  

kfSg eGbf s]lx cufl8 hfd jf h]nLdf ld;fpg] 
   -^)—^@ l8u|L la|S; k'u]kl5_ 
 
  ksfpg] 

-^% l8u|fL la|S; gx'Gh]n ;Dd_ 
 
 Dffdf{n]8 tof/ 
 
     tfQft} af]6ndf eg]{, ljsf]{ nufpg] -xNsf_, ;]nfpg], ljsf]{ s:g], n]jn nufpg]  
 
      e08f/ ug]{ -lr;f],;'Vff / ;kmf 7f+pdf_ 

 

hfd, h]nL / dfdf{n]8 

tl:j/ ;f}hGoM https://www.dixiecrystals.com/blog/jelly-jam-marmalade-whats-the-difference/  
 

 

 

lrq g+= %= dfdf{n]8sf] nflu rflxg] af]qmf agfpg] qmda4 tflnsf

af]s|fnfO{ $)% sf] rf:gLdf /fvL kf/bzL{ geP;Dd ksfpg] -o;/L agfPsf] 
af]j|mf h]nLdf pqb}g_ 

 
 kf/bzL{ af]j|mfnfO{ rf:gLaf6 lgsfNg] 
 

tof/L af]s|fnfO{ dfqf cg';f/ hf]Vg] 
  

kfSg eGbf s]lx cufl8 hfd jf h]nLdf ld;fpg] 
   -^)—^@ l8u|L la|S; k'u]kl5_ 
 
  ksfpg] 

-^% l8u|fL la|S; gx'Gh]n ;Dd_ 
 
 Dffdf{n]8 tof/ 
 
     tfQft} af]6ndf eg]{, ljsf]{ nufpg] -xNsf_, ;]nfpg], ljsf]{ s:g], n]jn nufpg]  
 
      e08f/ ug]{ -lr;f],;'Vff / ;kmf 7f+pdf_ 

 

hfd, h]nL / dfdf{n]8 

tl:j/ ;f}hGoM https://www.dixiecrystals.com/blog/jelly-jam-marmalade-whats-the-difference/  
 

 

 

lrq g+= ^=  hfd, h]nL / dfdf{n]8
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;'Gtnfsf] hfd, h]nL tyf dfdf{n]8sf] nflu pko'St Kofs]lh· ;fdu|Lx?
;'Gtnfsf] tof/L hfd, h]nL tyf dfdf{n]8 p:t} k|fs[ltsf vfB kbfy{ ePsfn] Kofs ug{ k|of]u ul/g] Kofs]lhË klg 
Pp6} x'G5 . hfd, h]nL tyf dfdf{n]8nfO{ Kofs ug{ 7"nf] d'v ePsf] lzzfsf] af]tn pko'St dflgG5 . hfd, h]nL tyf 
dfdf{n]8 kfs]kl5 tft} eg{' kg]{ ePsf]n] klg lzzfeGbf c? Kofs]lhË kbfy{ pko'St dflgGb}g . ;fy} lzzfsf] af]tnn] 
hfd, h]nL tyf dfdf{n]8 agfpbf xflng] s'g} klg sRrf kbfy{;Fu k|ltls|of ub}{g / plrt tl/sfn] e08f/0f u/] oL 
vfB kbfy{x?sf] :jfb, af;gf nufot cGo rfl/lqs u'0fdf vf;} kl/jt{g cfpb}g . tyflk k|ToIf ck|ToIf k|sfz 
/ tfksf sf/0f /ªdf eg] s]xL lkmsfkg cfpg ;Sg] x'gfn] g} lr;f], ;"o{sf] k|ToIf ls/0f, k|sfz gkg]{ ;'Svf sIfdf 
e08f/ ug{ plrt dflgG5 . pTkfbg ul/Psf o:tf vfB kbfy{x?nfO{ lzzfsf] af]tndf /fd|/L wft'sf] leqL tx ePsf] 
lasf]{ nufP/ pko'St cj:yfdf e08f/ u/] pTkfbg u/]sf] ldltn] b'O{ jif{;Dd pkef]Uo cj:yfdf /xG5 .

;'Gtnfsf] af]s|fsf] Sof08L
kmnk"mn, t/sf/L jf kmnsf] af]s|fnfO{ lrgLsf] rf:gLdf ksfO{ ;+/If0f u/]/ /flvg] ljlwnfO{ Sof08L k|ljlw elgG5 . 
w]/}h;f] kmnx?af6 dfq Sof08L agfpg] ;lsG5 . h'gf/, ;'Gtnf h:tf kmnnfO{ To;} vfFbf jf o;af6 cGo kl/sf/ 
agfpFbf leqsf] u'bL dfq k|of]u ul/G5 / af]s|fnfO{ To;} kmfNg] ul/G5 . ToxL kmflng] af]s|fnfO{ Sof08L agfP/ ;b'kof]u 
ug{ ;lsG5 . af]s|faf6 Sof08L agfpFbf leqsf] ;]tf] efu clnslt tf5]/ lgsfNbf lttf]kg sd x'g hfG5 . kmnsf] 
af]s|fsf] Sof08L b'O{ lsl;dn] agfpg ;lsG5 . af]s|fnfO{ dl;gf] cfsf/df sf6]/ lrgLdf ksfP/ cyjf af]s|fnfO{ 
lk;]/ lrgL / cGo d/d;nf /fv]/ jf g/fv]/ klg Sof08L agfpg ;lsG5 . 

cfjZos ;fdfu|Lx?M 
:6]Gn]; :6Lnsf 8]SrL, af6f, lsl:tx?, 8f8' kGo", du, rSs', :6f]e, t/fh', kf]lnlygsf kfpr, l;n/ d]lzg, 
l/k|mfS6f]ld6/ -)—!)) l8u|L la|S;sf]_,  n]an,  :6f]e, dndn sk8f, ;f]nf/ 8«fo/, An]08/, cflb .

cfjZos sRrf kbfy{x? 
;'Gtnfsf] af]s|f, lrgL, ;fO{l6«s Pl;8, ;f]l8od afO{sfaf]{g]6, k]lS6g, g"g, vf];f{gLsf] 3"nf], sfnf] dl/r, cflb .

-s_  af]s|fsf] n]bf]sf] Sof08L 

tflnsf $= ;ld>0f tflnsf -l/l;lk_
Aff]s|fsf] n]bf]sf] Sof08L lgDg b'O{ lsl;dsf ;ld>0f cg';f/ agfpg ;lsG5 .

;ld>0fx?
u'lnof] Sof08L
dfqf -s]=hL=_

d;fn]bf/ Sof08L
dfqf -s]=hL=_

;'Gtnfsf] af]s|fsf] n]bf] %=@ %=@

lrgL % %

;fO{l6«s Pl;8 )=)% )=)%

k]lS6g )=!% )=!%

g"g — )=!

sfnf] dl/r — )=)!%

v';f{gL w"nf] — )=)#
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af]s|fsf] n]bf]sf] Sof08L jgfpg] s|da4 tflnsf 

 

af]s|fsf] n]bf]sf] Sof08L jgfpg] s|da4 tflnsf  

 ;'Gtnfsf] af]s|f 
  
 # ldg6 kfgLdf pdfNg] 
 

kfgL km]g]{ / !) ldg6 km]/L pdfNg] 
 

of] k|s[ofnfO{ # k6s ;Dd bf]x]f/\ofpg] 
 
    lgyfg]{ 
 
      lk:g]      
         d;fn]bf/ Sof08Lsf] nflu  
  af]j|mfsf] k]i6 tof/    g"g, sfnf] dl/r, v';f{gL w"nf] 
         
 lrgL ld;fpg] 
 
    ls:tLdf lkmhf+pg] 
 
   ;'sfpg] 
 
    sf6\g] 
 Koflsu+ ug]{ 
 

  
;'Gtnfsf] af]j|mfsf] u'lnof] / d;n]bf/ Sof08L 

lrq g+= &= af]qmfsf] n]kf]sf] Sof08L agfpg] qmda4 tflnsf

af]s|fsf] n]bf]sf] Sof08L jgfpg] s|da4 tflnsf  

 ;'Gtnfsf] af]s|f 
  
 # ldg6 kfgLdf pdfNg] 
 

kfgL km]g]{ / !) ldg6 km]/L pdfNg] 
 

of] k|s[ofnfO{ # k6s ;Dd bf]x]f/\ofpg] 
 
    lgyfg]{ 
 
      lk:g]      
         d;fn]bf/ Sof08Lsf] nflu  
  af]j|mfsf] k]i6 tof/    g"g, sfnf] dl/r, v';f{gL w"nf] 
         
 lrgL ld;fpg] 
 
    ls:tLdf lkmhf+pg] 
 
   ;'sfpg] 
 
    sf6\g] 
 Koflsu+ ug]{ 
 

  
;'Gtnfsf] af]j|mfsf] u'lnof] / d;n]bf/ Sof08L 

lrq g+= *= ;'Gtnfsf] af]qmfsf] u'lnof] / d;n]bf/ Sof08L
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-v_  af]s|fsf] Sof08L 

tflnsf %= ;ld>0f tflnsf -l/l;lk_

sRrf kbfy{ dfqf

;'Gtnfsf] af]j|mf !=) s]=hL=

lrgL !=) – !=% s]=hL= 

;fO{l6«s Pl;8 @=) – %=) u|fd

Vffg] ;f]8f @ – % u|fd=

;'Gtnfsf] af]s|fsf]] Sof08L jgfpg] s|da4 tflnsf 

-s_ af]s|fsf] Sof08L  

;ld>0f tflnsf -l/l;lk_ 

sRrf kbfy{ dfqf 
;'Gtnfsf] af]j|mf !=) s]=hL= 
lrgL   !=) – !=% s]=hL=  
;fO{l6«s Pl;8 @=) – %=) u|fd 
Vffg] ;f]8f  @ – % u|fd= 

 

;'Gtnfsf] af]s|fsf]] Sof08L jgfpg] s|da4 tflnsf  

  ;'Gtnfsf] af]s|f 
  
   leqL ;]tf] efu ;s];Dd v's]{/ kmfNg] -;]tf] efudf lttf]kg x'G5_ 
 

  Ps gfzsf] cfsf/df sf6\g] -nfDrf] 7f8f] jf juf{sf/_ 
 
  ;fbf kfgLdf jf kfgLdf )=@%% vfg] ;f]8f /fv]/ % ldg6 pdfNg] 
 
  kfgL k]mg]{ / k"g gofF kfgLdf % ldg6 pdfNg] -of] k|s[of # k6s bf]xf]¥ofpg] 
 
  kfgL lgyfg]{ 
 
#)% sf] rf:gLdf 8'jfO{ s|lds ?kdf ksfpg] h;n] ubf{ rf:gL jfSnf]       
geP;Dd ksfpFg] -^)% l8u|L la|S;_ 
 
! % ;fOl6«s Pl;8 yKg] / k"g afSnf] RofkRofk ug]{ dx h:tf] geP;Dd 
ksfpFg] -^%% l8u|L la|S;_ 
 
rf:gLdf ! /ft 8'afP/ /fVg] 
 
rf:gLaf6 af]j|mf lgsfNg], :6]gn; l:6nsf] hfnf]df /fVg] / tftf] kfgLn] ;tx 
kvfNg] 
 
;'sfpg] -3fddf jf 8«fo/df_ 
 
v;|f lrgLdf n6k6fpg] 
 
!%) u]hsf] kf]lnk|f]kfOlng y}nfdf KoflsË ug]{, l;naGbL ug]{ / lr;f] t/ 
;'Vvf 7fpFdf e08f/ ug]{ 

 

 

 

 

 

 

 

 

 

;'Gtnfsf] af]s|fsf] Sof08Lsf] nflu pko'St Kofs]lhË kbfy{M 

;'Gtnfsf] af]s|faf6 tof/ kfl/Psf s'g} klg Sof08LnfO{ pTkfbssf] OR5f 
cg';f/ s'g} klg vfB u|]8sf] Kofs]lhË kbfy{ k|of]u ug{ ;lsG5 . 7"nf] d'v ePsf] 
lzzf jf Knfli6ssf af]6nb]lv y}nfsf ?kdf wft'hGo Nofldg]6b]lv ;fwf/0f 
Knfli6s;Dd k|of]u ug{ ;lsG5 . ;fdfGotof ;fwf kf]lnlyg jf kf]nLk|f]kfOlng 
Knfli6s y}nf k|of]u ul/Psf] v08df !%) u]heGbf kftnf] x'g' x'Fb}g gq e08f/0f tfsf 
xfjf tyf kfgLsf] jfkm l5g]{ ;Defjgf /xG5 . o; lsl;ddf u'lnof]o'St ;'Svf vfB 
kbfy{x? Kofs ug{ k|of]u ul/g] Kofs]lhËsf] cfjZoStf eg]sf] xfjf gl5g]{ u'0f xf] . h] 
s]lxdf Kofs u/]tf klg /fd|f];Fu l;naGbL ug{ cfjZos x'G5 . o; k|sf/sf vfB 
kbfyPx?nfO{ klg lr;f], ;"o{sf] k|ToIf ls/0f, k|sfz gkg]{ ;'Svf sIfdf e08f/ ug{ 
plrt dflgG5 .  

 

^= ;'Gtnfsf] ;'sfPsf] s];|f 

 
;'Gtnfsf] af]s|fsf]] Sof08L 

lrq g+= (= ;'Gtnfsf] af]qmfsf] Sof08L agfpg] qmda4 tflnsf

:6]gn];
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;'sfpg] -3fddf jf 8«fo/df_ 
 
v;|f lrgLdf n6k6fpg] 
 
!%) u]hsf] kf]lnk|f]kfOlng y}nfdf KoflsË ug]{, l;naGbL ug]{ / lr;f] t/ 
;'Vvf 7fpFdf e08f/ ug]{ 

 

 

 

 

 

 

 

 

 

;'Gtnfsf] af]s|fsf] Sof08Lsf] nflu pko'St Kofs]lhË kbfy{M 

;'Gtnfsf] af]s|faf6 tof/ kfl/Psf s'g} klg Sof08LnfO{ pTkfbssf] OR5f 
cg';f/ s'g} klg vfB u|]8sf] Kofs]lhË kbfy{ k|of]u ug{ ;lsG5 . 7"nf] d'v ePsf] 
lzzf jf Knfli6ssf af]6nb]lv y}nfsf ?kdf wft'hGo Nofldg]6b]lv ;fwf/0f 
Knfli6s;Dd k|of]u ug{ ;lsG5 . ;fdfGotof ;fwf kf]lnlyg jf kf]nLk|f]kfOlng 
Knfli6s y}nf k|of]u ul/Psf] v08df !%) u]heGbf kftnf] x'g' x'Fb}g gq e08f/0f tfsf 
xfjf tyf kfgLsf] jfkm l5g]{ ;Defjgf /xG5 . o; lsl;ddf u'lnof]o'St ;'Svf vfB 
kbfy{x? Kofs ug{ k|of]u ul/g] Kofs]lhËsf] cfjZoStf eg]sf] xfjf gl5g]{ u'0f xf] . h] 
s]lxdf Kofs u/]tf klg /fd|f];Fu l;naGbL ug{ cfjZos x'G5 . o; k|sf/sf vfB 
kbfyPx?nfO{ klg lr;f], ;"o{sf] k|ToIf ls/0f, k|sfz gkg]{ ;'Svf sIfdf e08f/ ug{ 
plrt dflgG5 .  

 

^= ;'Gtnfsf] ;'sfPsf] s];|f 

 
;'Gtnfsf] af]s|fsf]] Sof08L 

lrq g+= !)= ;'Gtnfsf] af]qmfsf] Sof08L

;'Gtnfsf] af]s|fsf] Sof08Lsf] nflu pko'St Kofs]lh· ;fdu|Lx?

;'Gtnfsf] af]s|faf6 tof/ kfl/Psf s'g} klg Sof08LnfO{ pTkfbssf] OR5f cg';f/ s'g} klg vfB u|]8sf] Kofs]lhË 
kbfy{ k|of]u ug{ ;lsG5 . 7"nf] d'v ePsf] lzzf jf Knfli6ssf af]tnb]lv y}nfsf ?kdf wft'hGo Nofldg]6b]lv 
;fwf/0f Knfli6s;Dd k|of]u ug{ ;lsG5 . ;fdfGotof ;fbf kf]lnlyg jf kf]nLk|f]kfOlng Knfli6s y}nf k|of]u ul/Psf] 
v08df !%) u]heGbf kftnf] x'g' x'Fb}g cGoyf e08f/0f tfsf xfjf tyf kfgLsf] jfkm l5g]{ ;Defjgf /xG5 . o; 
lsl;ddf u'lnof]o'St ;'Svf vfB kbfy{x? Kofs ug{ k|of]u ul/g] Kofs]lhËsf] cfjZoStf eg]sf] xfjf gl5g]{ u'0f xf] . 
cGo efF8fdf Kofs u/]tf klg /fd|f];Fu l;naGbL ug{ cfjZos x'G5 . o; k|sf/sf vfB kbfy{x?nfO{ klg lr;f], ;"o{sf] 
k|ToIf ls/0f, k|sfz gkg]{ ;'Svf sIfdf e08f/ ug{ plrt dflgG5 . 

;'Gtnfsf] ;'sfPsf] s];|f

kmnkm"n tyf t/sf/L ;'sfpg] k|ljlw Ps cToGt k'/fgf] / k/Dk/fut k|ljlw xf] . ;fdfGotdf kmnkm"ndf kfgL jf 
hnf+zsf] dfqf -*)–(#Ü ;Dd_ /xg] ePsf]n] ljleGg lsl;dsf ;'Id hLjf0f'x?sf] j[l4df tLj|tf cfO{ kmnkm"nx? 
rfF8} ;8\g] ub{5g\ . kmnkm"ndf /x]sf] clws hnf+znfO{ ;'sfpg] ljlw ckgfO{ sd u/]/ To;df /x]sf] hLjf0f' / 
OGhfOdx?sf] ;lqmotfnfO{ Go"g kfl/G5 . h;n] ubf{ ;'s]sf] kmn nfdf] ;do;Dd ;'/lIft /xg ;S5g\ . ;'sfpg] k|ljlw 
k/Dk/fut Pj+ ;/n ePsf]n] 3/]n' :t/df klg ;lhn} k|of]u ug{ ;lsG5 . 3fd jf ;f]nf/ 8«fo/x? Pj+ cfw'lgs 
Sofljg]6 8«fo/x?df ;'Gtnf ;'sfP/ hnf+z sd ug{ ;lsG5 . 

;'sfpgsf] nflu tfhf kf]l6nf s];|f ePsf] ;'Gtnf plrt dflgG5 . af]6af6 l6k]/ /flvPsf] ;'Gtnfsf s];|fx? kmf];|f 
tyf leqL sf]lifsfx? g/d x'g] ePaf6 ;'sfpg plrt dflgGb}g . 

cfjZos ;fdfu|Lx?

:6]Gn]; :6Lnsf af6f, lsl:tx?, rSs', kf]lnlygsf kfpr, l;n/ d]lzg, n]jn, kfr{d]06 k]k/ jf 6]km\nf]g l;6, ;f]nf/ 
jf Soflag]6 8«fo/ cflb .
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;'Gtnfsf] s];|f ;'sfpg] s|da4 tflnsf ;'Gtnfsf] s];|f ;'sfpg] s|da4 tflnsf  

  ;'Gtnf -kfs]sf], tfhf_ 
  
   leqL ;]tf] efu ;s];Dd v's]{/ kmfNg] -;]tf] efudf lttf]kg x'G5_ 
 

  ;kmf kfgLn] kvfNg] 
 
  af]s|f tf5\g] 
 
  s];|f 5'6\ofpg] 
 
  s];|fnfO{ k5fl8af6 lardf sf6\g] / laofF lgsfNg] 
 
;kmf 6]km\nf]g l;6 /flvPsf] lsl:t jf 6«]df sfl6Psf] efu dfly kmsf{P/ 
s];|fx? ldnfP/ /fVg] 
 
3fddf ;'sfpg] -kftnf] em"n sk8fn] 5f]k]/_ jf ;f]nf/ jf Soflag]6 8«fo/df 
/fvL ;'sfpg] -tfks|d $%–%% l8u|L ;]= df g;'s];Dd kN6fpb} ;'sfpg]_ 
 
;'s] kl5 s];|fx? sf]7fsf] ;fdfGo tfks|d;Dd ;]nfpg]  
 
!%) u]hsf] kf]lnk|f]kfOlng y}nfdf KoflsË ug]{, l;naGbL ug]{ / lr;f] t/ 
;'Vvf 7fpFdf e08f/ ug]{ 

 

;'Gtnfsf] ;'sfPsf] s];|fsf] nflu pko'St Kofs]lhË kbfy{M 

;'Gtnfsf] ;'sfPsf] s];|fnfO{ klg dfly ;'Gtnfsf] af]s|faf6 tof/ kfl/Psf] 
Sof08LnfO{ h:t} u/L Kofs ug{ plrt dflgG5 .   

 

 

 

 

 

lrq g+= !!= ;'Gtnfsf] s];|f ;'sfpg] qmda4 tflnsf

;'Gtnfsf] ;'sfPsf] s];|fsf] nflu pko'St Kofs]lh· kbfy{

;'Gtnfsf] ;'sfPsf] s];|fnfO{ klg dfly ;'Gtnfsf] af]s|faf6 tof/ kfl/Psf] Sof08LnfO{ h:t} u/L Kofs ug{ plrt 
dflgG5 .  

pTkflbt ;'Gtnfsf kl/sf/x?sf] n]an

s'g} klg k|zf]lwt u/L tof/ kfl/Psf vfB kbfy{ KoflsË u/L ahfl/s/0f ug{ cufl8 n]alnË ug{ cfjZos x'G5 . 
vfB :jR5tf tyf u'0f:t/ P]g @)*! sf] bkmf !( df ……n]an gnufO{ pTkfbg tyf las|L ljt/0f ug{ gx'g]Æ Joj:yf 
u/]sf] 5 .

pSt bkmf cg';f/ dfly pNn]v ul/P cg';f/ tof/ kfl/Psf ;'Gtnfsf kl/sf/x?df lgDg ljj/0fx? :ki6 b]lvg] u/L 
pNn]v ug{' kb{5 .

•	 vfB kbfy{sf] gfd -h:t}M ;'Gtnfsf] :Sjf;_

•	 pTkfbssf] gfd / 7]ufgf

•	 vfB kbfy{sf] ;lDd>0f -kl/sf/ agfpFbf k|of]u ul/Psf ;a} sRrf kbfy{x?sf] gfd pNn]v ug{' kb{5 . gfd n]Vbf 
dfqfsf] cfwf/df w]/} k|of]u ul/Psf] cufl8af6 z'? u/]/ yf]/} xflnPsf] ;a}eGbf k5fl8 n]Vg' kb{5_ 
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•	 vfB kbfy{sf] tf}n -hfd, h]nL, dfdf{n]8sf] xsdf_ jf cfotg -:Sjf;sf] xsdf_

•	 vfB kbfy{sf] las|L d"No, Aofr gDa/ / pTkfbg ldlt

•	 lglZrt cjlwleq pkef]u ul/;Sg' kg]{ eP To:tf] cjlw

•	 vfB kbfy{ pTkfbg ubf{ vfB /+u jf lålQo ju{sf] kl//IfL k|of]u ul/Psf] v08df pSt /+u jf kl//IfLsf] gfd jf 
;+s]tfIf/ pNn]v ug'{ kb{5 . -h:t}M :Sjf;df kl//IfLsf] ?kdf ;Nkm/8fOcS;fO8 k|of]u ul/Psf] x'Fbf n]andf 
;Nkm/8fOcS;fO8 ->f]tM s]=Pd=P;=_ eg]/ pNn]v ug{' kb{5_

•	 vfB kbfy{df kl//IfL k|of]u ul/Psf] eP To;sf] n]andf “Pure”, ……ljz'¢Æ, ……z'¢Æ OToflb zAb n]Vg kfOg]  
5}g cGoyf em'Ýf jf e|dfTds bfjf u/]sf] dflgg] 5 . 

•	 g]kfnleq pTkfbg tyf k|zf]wg x'g] / g]kfnL ahf/df las|L ljt/0f x'g] vfB kbfy{df nufOg] n]andf g]kfnL 
efiffnfO{ k|fyldstf lbg' kg]{5 .

lgisif{

;'Gtnf hftsf] kmnaf6 sd nufgLdf ;/n k|ljlwsf] k|of]u u/L :Sjf;, hfd, h]nL, dfdf{n]8, ;'sfPsf] s]>f nufot 
af]s|faf6 Sof08L cflb pTkfbg ug{ ;lsG5 . o; lsl;dsf pTkfbgx? k|zf]wg ug{ vfB pBf]u :yfkgf ug{ rfx]df 
vfB :jR5tf tyf u'0f:t/ P]g, @)*! df Joj:yf eP cg';f/ pBf]u btf{ ug{ cufl8 vfB k|ljlw tyf u'0f lgoGq0f 
ljefuaf6 l;kmfl/; lng' kb{5 / btf{ kZrft\ pTkflbt vfB kbfy{x? ahf/Ls/0f ug{ cufj} cg'dlt kq ;d]t lng' 
kb{5 . :yflkt pBf]uaf6 pTkflbt kl/sf/x? tf]lsPsf] vfB u'0f:t/ cg'?k x'g' cTofjZos x'G5 . ;fy} km"8 u|]8sf 
Kofs]lhË kbfy{df Kofs ul/ n]an nufpg ;d]t clgjfo{ x'G5 . 
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Chapter

3
Value Chain and

Marketing



ahf/ n}hfg Kofls· ul/Psf] ;'Gtnf
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Value Chain of Mandarin Oranges 
Tek Bahadur Bam*

Nepal Agriculture Economics Society, Hariharbhawan, Lalitpur
*Corresponding Author : tb_bam@yahoo.com

Abstract 

The process of value chain analysis is one for locating development prospects. It looks at the 
various stages that a product goes through, the people that are involved, the value they add, 
and the money they get paid for that value. It provides a suitable framework for investigating 
how institutional, technological, and economic developments affect global marketing chains, how 
these effects are spread, and what advantages arise for different players in the production and 
marketing stages. The whole process of developing a product, bringing it to market, and finally 
delivering it to the customer is called the "value chain." It is a chain of distribution that connects 
the creators, purchasers, vendors, and suppliers of raw materials to a product final application. 
Instead than concentrating on a single group or region, it aims to solve the main obstacles at every 
stage of the supply chain. Instead than concentrating on a single group or region, it aims to solve 
the main obstacles at every stage of the supply chain. The mandarin orange (Citrus reticulate 
Blanco) is the most prevalent citrus fruit species in terms of area and production. It is followed by 
the sweet orange (Citrus sinensis) and the acid lime (Citrus aurantifolia). With a productivity of 
10.80 mt/ha, citrus produces 198406 mt of fresh fruit yearly, and 27002 hectares are expected to 
be under cultivation (MoALD, 2021). Citrus, particularly mandarin oranges, is the most important 
and extensively traded fruit crop in Nepal's hills. Mandarin orange alone accounts for 67% of the 
whole productive area and 64% of the total yield. Mandarin orange contributes to increased food 
supply, better nutrition, the creation of jobs and income, and environmental preservation.
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Introduction
With an annual production and productivity of 198,406 metric tons (mt) and 10.80 mt per 
hectare, respectively, mandarin orange is grown on 27,002 hectares (ha) of land, contributing 
around 0.85% to the gross domestic product (GDP) (MoALD, 2021). Because mandarin orange 
is more profitable over the long run than oilseeds and grains, it accounts for roughly 67% of 
the country's land and 64% of its citrus production (NCRP, 2016). The area of production 
and productivity is not satisfactory, despite the presence of a sufficient labor force for 
agriculture, suitable terrain, unique weather conditions, and increasing market demand. 0.68 
hectares of land held per person, a lack of resistant and high yielding cultivars, poor quality 
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planting supplies, ineffective and unsustainable soil and pest management techniques, land 
fragmentation, inadequate storage facilities, and inconsistent market information system play 
a major role in determining Mandarin orange production. In order to move from subsistence-
level mandarin orange cultivation to a commercial scale, policy level assistance is crucial. 
Regretfully, policies and plans are created, but they are just used for paper work (Sapkota et 
al., 2017).

In terms of area and production, the mandarin orange (Citrus reticulate Blanco) is the most 
common citrus fruit species, followed by the sweet orange (Citrus sinensis) and the acid  
line (Citrus aurantifolia). Mandarin orange yields 198406 mt of fresh fruit annually with a 
productivity of 10.80 mt/ha, and the area under cultivation is anticipated to be 27002 hectares 
(MoAD, 2021). The most significant and widely traded fruit crop in Nepal's hills is citrus, 
especially mandarin oranges (Bhattarai et al., 2013). 67% of the overall productive area and 
64% of the total production are covered by mandarin orange alone (NCRP, 2016/17). Mandarin 
orange helps to improve the availability of food, enhance nutrition, create jobs and revenue, 
and preserve the environment (Shrestha and Dinesh, 2015)

The household that grows oranges owned 0.51 hectares in total, of which 0.31 hectares were 
planted with orange trees. Every household had 0.28 hectares of partially irrigated agricultural 
land and 0.23 hectares of un-irrigated land. The total cost of producing mandarin oranges was 
NRs 238063.92 per hectare, of which NRs 227309.41 per hectare (95.48%) were incurred by 
variable costs. Organic manure accounted for the largest share of costs (26.77%), followed by 
labor costs (23.57%), plant protection supplies (22.67%), fertilizers (18.33%), transportation 
(10.73%), saplings (5.04%), and irrigation management (0.33%).

For farmers to get a decent return on their investment, marketing is just as vital as farming 
techniques. The agricultural sector becomes commercialized when there is a strong market. 
The cost of mandarin orange was a source of dissatisfaction for many farmers. The contractors 
were immediately sold mandarin orange. The research area has a high prevalence of the 
contract farming system. Thus, the farmers ranked four primary marketing issues. With an 
index value of 0.77, the lowest price given to the producers was ranked highest. The selling 
price per kilogram is only NRs 66.23/kg on average. In a similar vein, the absence of processing 
operations was the second big issue. In none of the studied areas were value addition activities 
common. Mandarin orange has a ton of potential for value addition, but this hasn't been 
investigated yet; the producers gave it an index value of 0.62 and listed it as the second main 
marketing restriction. Mandarin orange growers believed that the main barrier to storage and 
sale was the presence of middlemen, which was followed by a lack of a suitable market and a 
lack of a preservation industry in the study area (Roy et al., 2018).

Value chain of mandarin orange
It is a chain of distribution that starts at the point of conception and involves input providers, 
customers, sellers and producers. The process of value chain analysis is one for locating 
development prospects. It looks at the many stages that a product goes through, the people that are 



417
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

involved, the value they add and the money they get paid for that value (Piper, 2007). It provides 
a suitable framework for investigating how institutional, technical, and economic developments 
affect global marketing chains, how these impacts are spread, and what advantages arise for 
different players in the production and marketing phases. The whole process of developing a 
product, bringing it to market, and finally delivering it to the customer is called the "value chain." 

Value chain analysis is based on a comprehensive description of input-output relationships 
from grower to retailer and the coordinating mechanisms that guide activities at each stage. It 
can include deliberation of technical transformations of product, costs, pricing and margins, 
number and size of firms at each stage, barriers to entry, market power and the sharing of 
benefits from innovation, product differentiation and diversification (Cruz, 2003).  

Value chains are a collection of interconnected business operations that begin with the supply 
of specific inputs for a given product and continue through primary production, transformation, 
marketing, and the final sale of that particular product to customers, according to the functional 
view of value chains. These jobs, such the manufacturing, processing, selling, and distribution 
of a given item, are carried out by groupings of enterprises (operators). Enterprises are 
connected through a series of commercial transactions that transport the product from primary 
producers to end buyers. Value chains consist of several chain links, or stages, according to 
the hierarchy of operators and functions. An economic structure with a particular commercial 
item at its core is called a value chain.

Value chain analysis is the process of enhancing and advancing a value chain. Value chain 
mapping is the process of visually representing the value chain system. Maps depict the 
corporate functions, chain operators and their relationships and chain supporters inside the 
value chain. Since chain maps provide the basis of analysis, they are integral to all value chains. 
By adding numerical data to the basic chain map, such as the number of players, the quantity of 
produce or the market shares of particular chain segments, value chains may be fully described 
and quantified. Certain chain studies provide the ability to "zoom in" on any relevant element, 
including the characteristics of particular actors or services or the institutional, political, and 
legal framework conditions that underpin or block the growth of a chain, based on the specific 
interest (GTZ, 2007).

Mandarin orange value chains encompass a set of interdependent organizations, and associated 
institutions, resources, actors and activities involved in input supply, production, processing, 
and distribution of mandarin orange. In other words, a value chain can be viewed as a set of 
actors and activities, and organizations and the rules governing those activities. Number of 
steps for a commodity to reach to the consumers depends upon the location for the market and 
targeted place to deliver.

Core value-chain   
Citrus production is low in part because of inefficient supporting services. The fact that 
producers in Nepal operate on a very small scale makes it difficult for smallholders to take 
advantage of the enormous market opportunities in any subsectors. In order for production to be 
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commercially viable, a critical mass of smallholders must exist in order to have enough volume 
to establish local suppliers of inputs, equipment, and services as well as market access. Due to 
their small size and lack of organization, private businesses are unable to realize the benefits 
of teaching and organizing a large number of smallholders in order to build a commercial 
production scale. If a business decides to make this investment, only trust would stop farmers 
from selling to and purchasing from not contracted company that might be able to give a better 
price because it did not have to pay for the costs of organizing and training. Creating a large 
enough volume to create private service providers in rural regions and community-managed 
collection centers that facilitate market access are two aspects of the small holder commercial 
pockets method. Entrepreneurs are chosen to administer the collection centers, marketing and 
planning committees elected from inside are in charge of the centers. These centers combine 
produce and offer essential services like creating crop plans and conveying and elucidating 
market concepts and desires.

Overall value chain analysis of mandarin orange
Nepal is characterized by a weak contract environment and distrust between and among market 
actors. Both formal laws and informal market systems are weak in Nepal. Formal or informal 
rules act to shape market outcomes and govern or control the entry, exit, operations and 
behavior of business. Rules typically provide the foundations for other more direct interfaces 
with business. For example, with respect to the enabling environment field a specific policy, 
law or regulation may initiate and determine the nature of specific public service delivery or 
other public action. Rules include informal rules or norms, formal rules or laws and other 
standards and codes of practice.

The government has provided subsidies on seeds, agriculture tools, irrigation related electricity 
tariffs and chemical fertilizer. There is a little use of forward contracting to mitigate risk for 
a perishable commodity. There is also limited application of commercial credit due to high 
transaction costs and a lack of mechanisms to 
ensure repayment.                                                                 

Of the different supporting functions identified, 
inputs, market access and aggregation function 
are the most critical ones as it has direct impacts 
on the productivity at the farmer level (figure 
1).  Out of the main inputs for production, high 
quality saplings have tremendous potential to 
enhance yields. Saplings alone have the ability 
to improve production by 25%. Use of low 
quality saplings in the citrus sector has therefore 
been identified as one of the main constraints 
with highest potential of enhancement. A 
deeper analysis of the saplings market reveals 

Figure 1. Critical analysis doughnuts
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that farmers are not aware about the potential benefits of using high quality saplings and 
also do not have knowledge on the improved farm management practices that is required for 
maximizing production. But, the constraint not only lies at the farmer level, as input suppliers 
also have limited capacity and are not able to disseminate the correct information to maximize 
production. 

Another function that is of equal importance is access to market. With the high involvement of 
small holder farmers in the sector individual production volumes are usually low and scattered. 
Due to the low volumes and the location of the farms market access becomes even more 
challenging as transportation of small quantities is often costly and farmers have to travel far 
to access the closest market. 

Buyers on the other hand are also not able to reach these farmers as their locations are often 
remote and the cost of transportation makes it an unattractive proposition for the buyers. As 
a result, whatever is being produced is also not reaching the market. But, the market access 
function goes hand in hand with aggregation. 

There exist two types of approaches in value chain -conventional and added value chain. 
In traditional value chain, farmers are linked with input suppliers, middle man, collectors, 
wholesalers, retailers, processors and consumers. In the added value chain, farmers establish 
linkages with processors, market centers, cooperatives and departmental stores.

Overall value chain analysis
During the field visit it was found that planting materials, fertilizers, pesticides and tools 
where found to be the major inputs used by the farmers. Wholesalers, dealers, retailers and 
collector are found key actors of the mandarin orange value chain who are involved in trading 
from production pocket to the wholesale 
and retail markets. This brings up the 
third function which is aggregation. 
Aggregation of the small holder farmers 
not just brings them together – thus 
reducing the transaction costs and time, 
it also then becomes an attractive pool 
for the mandarin orange wholesalers and 
traders to reach out to. This important 
function brings the market to the 
farmers. The aggregation mechanism 
also gives farmers a stronger bargaining 
power with both the input market and 
the buyers. However, there is limited 
availability of physical infrastructures 
to develop the collection centers and 
aggregation points. 
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Figure 2. Overall value chain analysis
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Rules and regulation
On the rules and regulation side, the government implements open market policy and there 
exits a gap to enforce prevailing rules and regulations. 

The constraints faced by mandarin orange producers were categorized into three main types: 
input constraints, production constraints, post-harvest and marketing constraints. Lack of 
high-yielding varieties followed by proper subsidies was found to be the major technical and 
socioeconomic constraints, respectively. Poor irrigation facilities, high physical damage to 
fruits, and a lack of a suitable farmgate price for mandarin orange were found to be major 
production constraints, post-harvest constraints, and marketing constraints, respectively. Red 
ants, citrus bugs, and fruit flies were found to be the major insect pests in mandarin orange 
production. Citrus greening, fruit drop, gummosis, and sooty mold were found to be the most 
serious diseases. Thus, based on the findings of different studies, related agencies are needed 
to supply input subsidies as well as train the farmers to increase the productivity of mandarin 
orange throughout the country.

Value chain SWOT analysis
Strengths
• Suitable agro -climatic conditions for production. 
• Production areas are accessible by road.
• Youths are already engaged in the production and trading.
• Mandarin orange has the highest return per runit area as compared to other commodities
• Processors are willing to work with other value chain actors 
Opportunities 
• Government’s commitment to develop agriculture and formulated policies, strategies and 

implementation plans 
• Area can be expanded by more than 2-3 times
• Large scale demand  within country and abroad
• Vast untapped potential in heritage, fresh-water, eco-friendly, health, mountain, agro-

tourism.
• Situated between the world's most populated and emerging economies (China and India),
• One of the richest countries in the world in terms of bio-diversity

Weaknesses 
• Limited coordination among value chain actors
• No processing facilities in production sites.
• Inadequate physical infrastructure to support tourism industry
• Dearth of funding to implement citrus sub-sector development projects
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Risks (Threats) 
• Increasing price of inputs
• Large scale commercial production in India with low cost of production
• Political instability

Conclusion
Various studies have shown that there are many actors in the mandarin orange value chain, 
including input suppliers, growers, and wholesalers. The main constraints for mandarin orange 
growers are diseases, pests, lack of technical knowledge, high prices of inputs, and lack of 
market information, unorganized marketing, and high transportation costs. For wholesalers, 
the main constraint is low access to financial possibilities. Therefore, financial constraint at 
all levels of the value chain need to be addressed simultaneously. The various studies indicate 
that mandarin orange cultivation is a potentially profitable business in the area. It can be 
concluded that there is an immense need for facilitators (NGOs and other institutions) to 
increase productivity, improve the quality of production systems, and facilitate marketing 
through cooperatives for efficient marketing.
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Introduction 
Mandarin orange is widely grown in the mid-hills covering 66 districts. Recognizing it as the 
native fruit, Nepal government has recently declared it as the national fruit on 2080 Chaitra 30. 

According to the Ministry of Agriculture and Livestock Development (MoALD) Nepal, 
mandarin orange area coverage in 2021/22 was reported to be 27982 hectare with productive 
area 19481 ha. The productivity was 9.51 Mt/ha. If it is compared with 2001/02 data (22423 
ha), net incremental area is found to be 5559 ha. This is nearly 25 percent increment over the 
base year 2001/2002. Recently area expansion under mandarin orange is observed at faster 
rate. This is mainly due to the replacement of this crop over the food crops caused by labor 
shortage in the agriculture. This is the common scenarios of rural areas. This author is also 
belonging to mandarin orange area of Panini Rural Municipality-2 of Arghakhanchi district. 
He is the witness of crop replacement from maize growing area to the cultivation of mandarin 
orange within the recent years. This observation justifies the data.

This paper attempts to explore how the marketing management practices are carried out over 
the traditional practices provided transportation linkages within the country.

Marketing Management Practices of Mandarin 
Orange in Nepal (Production and Market Level)

Tulasi Das Gautam* 

Nepal Agriculture Economics Society, Hariharbhawan, Lalitpur
*Corresponding Author : gautamtulashidas@gmail.com

Abstract 

This paper highlights on marketing management practices carried out at the existing 
level with focused on mandarin orange. This paper briefly discusses on how marketing 
management practices are carried out in mandarin orange in Nepal at micro and macro 
level. This fruit is grown commercially throughout the country in the mid-hills from 
east to west ranging from 700 to 1800 meters above the sea level. Mandarin orange is 
traditionally a cash crop for the mid-hill people  from  generation to generation. Butwal 
was and is  still the main trading point of hill farmers  and local traders of Gandaki and 
Lumbini Zone and it was exchanged mostly with salt and daily necessities such as sugar, 
spices in the past and is also emerging major trading point for export market of mandarin 
orange. Similar scenarios are found in other area including Birtamod, Dharan, Kohalpur 
and Kailali-Attaria.

Keywords: Trading point, Micro-level, Macro-level, Commercial, Export
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Conceptually, marketing management is composed of analysis, planning, implementation, 
and control of programs designed to create, build, and maintain beneficial exchanges with 
target buyers for the purpose of achieving organizational objectives. Indeed, what to market, 
how to market, where to market, when to market, how much to market are concerned with 
management practices. 

Methodology
For this, three case studies were selected based on production and market level. They were 
interviewed through personal visit and / or phone contact.

•	 Production Level

a. Laxmi Narayan Cooperative, Sundar Bazaar, Lamjung district, which facilitate 
farmers on marketing linkage of mandarin orange. For this, Mr. Ramesh Raj Panta, the 
chairman of the cooperatives, was interviewed during paper writing. He was a grantee 
of Project for commercial Agriculture and Trade (PACT).

b.  Mr. Chiranjivi Paudel, Chairman of ShivaShakti Mishrit Krishak Samuh, Panini 
Rural Municipality, Arghakhanchi district was interviewed having storage facilities 
for mandarin orange. 

•	 Market Level

a. Mr. Bharat Khanal, well known  Fruit Trader of Kalimati Market was interviewed. 
b. Mr. Binay Shrestha, Employee, Kalimati Fruits and Vegetables Wholesale Market 

Development Committee.

Result and discussion

Key findings at the production level in Lamjung
•	 Marketable volume has been decreased drastically due to diseases.  For instance, 537 mt 

of mandarin orange was traded in 2016. Now the volume has been reduced  due to 75 % 
mortality of plants.

•	 The  fruit quality is also deteriorating in terms of sizes and appearence.
•	 Besides diseases, other factors affecting the low volume of production identified  were 

insufficient irrigation facility, high cost of management related problems due to foreign 
employment attraction and  climate changes.

•	 No distant market due to lower volume of production at present. Previously, Indian 
traders-Dharmendra, Munna Patel and Prabhu were main traders linked with Kathmandu 
and Narayanghat markets during 2016. For instance, out of 537 mt produced  under 
cooperative, 400 mt was traded in Kalimati Market and remaining volume was sold in 
Narayanghat and local market. Now, it is limited to local area only. 
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Marketing practices with storage facility
•	 To fetch higher price of mandarin orange in off-season, Lumbini province government 

had supported to ShivaShakti Mishrit Krishak Samuh of Panini Rural Municipality-1, 
Arghakhanchi district to construct storage having 300 mt capacity in 2022.

•	 For experiment, they stored 200 mt. Huge loss was found due to fungus in 2023. Some 
losses occurred in the previous two years due to improper handlings.

Marketing practices at market level
•	 Established pre-linkage directly with mandarin-orange orchard owners
•	 Established pre-linkage with mandarin-orange suppliers/backward linkages.
•	 Local agents contract for assured supply 
•	 Established forward linkages with exporters and retailers.
•	 Specified terms and conditions for quality, volume and procurement prices for market 

guarantee. 

Lessons learned and recommendations
Marketing management practices are dynamic in nature. The actors must be aware on 
mandarin orange transaction, due consideration of market supply and demand. In case of 
storage users, the weakness is being realized from both sides (Producers and Cold store 
operator). Mishandling on post harvest  activities from the farmers was the main reason for 
damage. Similarly, technical field level training, monitoring and supervision on the spot from 
the cold storage specialist are lacking. These should be corrected. It is recommended that 
before granting subsidy, government and recipients must be aware on technical requirements 
of the facilities. Establish pre and post linkages for market and price guarantee within farmers' 
group/cooperatives and market actors with clear terms and conditions.
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Abstract 

Nepal and China have signed a bilateral trade protocol to export citrus fruits to Xizang Autonomous 
Region of China in 2012. This protocol demands fruits from an officially declared Pest Free Area 
(PFA). PFA is the area in which a specific pest does not occur as demonstrated by scientific 
evidence. This was a fastidious quarantine requirement of China. Nepalese side requested China 
to revisit this protocol to relax its requirement. It is obvious that China needs citrus fruits, but 
it is not possible for Nepal to produce enough citrus fruits in a PFA. Citrus greening, citrus 
canker disease and five species of fruit flies were the quarantine pests of citrus in China. In 
October 13, 2019, during the gracious visit of Chinese President Mr. Xi Jinping, the Ministry 
of Agriculture and Livestock Development (MoALD) of Nepal and the General Administration 
of Customs of the People's Republic of China (GACC), China have signed a new trade protocol 
entitled “Phytosanitary Requirements for the Export of Citrus commodity from Nepal to 
China.” This protocol has granted a special flexibility of "Pest Free Product" while exporting 
citrus fruits to China provided that the intended citrus fruits shall have a specified cold treatment. 
It is proposed that the protocol simply includes grower registration, pack house registration and 
pack house inspection of fruits to ensure pest-free product. With the export of citrus fruits from 
Nepal to China presents both opportunities and challenges, particularly from a plant quarantine 
perspective. Exporting citrus fruits from Nepal to China presents significant opportunities for 
economic growth. However, overcoming the challenges related to plant quarantine regulations, 
pest management, infrastructure, and capacity building is essential. Collaboration among citrus 
producers, government authorities, exporters, and other stakeholders is crucial to address these 
challenges, ensuring the successful export of high-quality citrus fruits from Nepal to China.

Keywords: Citrus, Export, Pest free product, Citrus greening, Quarantine

Introduction
Citrus is one of the important fruit crops in Nepal. It enhances the nutrition security, nation's 
standard of living and economy. Great prospects for international trade are also provided 
by it (Adhikari et al., 2023; Acharya & Shrestha, 2021, Adhikari & G C, 2020). Generally, 
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citrus fruits are consumed raw. Additionally, citrus fruits are utilized for the production of 
juice, squash, marmalade and other flavored beverages (Lamsal et al., 2021). Citrus occupies 
28% (50,235 hectares) of Nepal's total fruit-growing area (MoALD, 2022). This indicates that 
citrus fruits are the most commonly cultivated fruit in Nepal and have a significant role in the 
country's farmers' economic growth. According to Acharya and Adhikari (2022), citrus is a 
major agricultural subsector in Nepal. However, the current level of production is insufficient 
to meet the nation's need for citrus (Dahal et al., 2020). Citrus productivity has dropped 
over the last 15 years, from 10.86 mt/ha in the harvest of 2006–07 to 9.67 mt/ha in 2020–21 
(MoALD, 2022).

The Ministry of Agriculture and Livestock Development (MoALD) in Nepal and the General 
Administration of Customs of the People's Republic of China (GACC)have discussed and 
come to an agreement regarding the export of Nepalese citrus fruits into the Xizang Province of 
China. This agreement was made in recognition of the shared interests in improving the well-
being of the people of the two countries and strengthening cooperation based on friendship 
and reciprocity. Citrus from Nepal may find a market in China (NPWG, 2076).  It is obvious 
that Nepal will take a comparative advantage by exporting citrus to the Xizang Autonomous 
Region, as compare to China's citrus growing regions. Tibet imports all of its citrus fruit 
because it produces very little of its own (NPWG, 2076).

This article outlines the state and advancement of the actions carried out, as well as the 
quarantine prospects of the Nepal-China Agreement to export citrus fruit from Nepal to China. 

Results and discussion
Citrus production in Nepal
The total production and productive area of citrus fruit have nearly doubled between 2006–
07 and 2021–2022. Nevertheless, the productive area (%) increased to almost 65% while 
productivity decreased to 9.47 from 10.86 mt/ha (MoALD, 2023) Table 1. The data indicates 
that there are many factors contributing to low productivity, limiting us to achieve its production 
potential per unit area. 

Table 1. Total area, productive area, % productive area, production and productivity of citrus 
fruit in Nepal from 2006/07 to 2020/21

Year Total area 
(ha)

Productive 
area (ha)

% Productive 
area

Production 
(mt)

Productivity 
(mt/ha)

2006/07 27,980 15,832 56.58 1,71,875 10.86

2007/08 30,790 19,915 64.68 2,26,404 11.37

2008/09 32,322 22,482 69.56 2,53,766 11.29

2009/10 33,898 22,903 67.56 2,59,191 11.30

2010/11 35,578 23,609 66.36 2,63,710 11.20

2011/12 37,565 24,089 64.13 2,40,793 10.00
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Year Total area 
(ha)

Productive 
area (ha)

% Productive 
area

Production 
(mt)

Productivity 
(mt/ha)

2012/13 36,975 23,645 63.95 2,16,188  9.14

2013/14 38,988 25,497 65.40 2,24,357 8.80

2014/15 39,035 25,261 64.71 2,22,790 8.82

2015/16 40,554 24,854 61.29 2,18,447 8.82

2016/17 46,328 26,759 57.76 2,39,773 8.96

2017/18 44,424 25,946 58.41 2,45,176 9.44

2018/19 46,411 28,406 61.21 2,71,908 9.57

2019/20 46,715 27,339 58.52 2,74,140 10.03

2020/21 50,235 32,188 64.07 3,11,188 9.67

2021/22 49,306 32,306 65.52 306,149 9.47
Source: MoALD, 2023

MoALD Action Plan to implement the agreement 
The National Preparatory Working Group (NPWG), led by the Joint Secretary of the Ministry 
of Agriculture and Livestock Development (MoALD), was established in 2076/07/22 in order 
to accelerate the agreement. In order to implement the protocols for the citrus export, the 
NPWG developed the action plan.

Table 2. Action plan to implement the agreement.

Provision on Agreement Action Time line Responsible
authority

Article1: Nepali citrus fruits exported 
to China, including sweet orange 
(Citrus sinensis), mandarin orange 
(Citrus reticulata Blanco) and lemon 
(Citrus limon) (hereinafter referred 
to as citrus) must comply with the 
relevant phytosanitary laws and 
regulations of China and satisfy 
the phytosanitary requirements as 
stipulated in this Protocol. 

Designation of an entity/body for overall 
coordination (National Preparatory Working 
Group or other body?) 

2020 MoALD 

Lemon production: 
Appropriate variety selection, mother plant 
establishment, sapling production 
Commercial production pocket establishment  
(Nuwakot/ Sindhupalchok/ Kavrepalanchok)                           

2020-2021

2021-2024

NCRP AKC 
(lead) & Local 
Level (support)

Exploration of citrus price in Lhasa market 
and profit margin of Nepalese citrus fruits 
exported to Tibet

2020 MoALD 

Consultation with private sector to ensure 
their involvement in citrus export to Tibet 2020 MoALD 

Develop good agriculture practice and standard   
operating procedures jointly with GACC 2020 MoALD
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Provision on Agreement Action Time line Responsible
authority

Article 2: Citrus shall be free of any 
quarantine pests concerned by China    
(Aleurocanthus woglumi, Bactrocera 
correct, B. cucurbitae, B.dorsalis, 
B. tsuneonis, B. zonata, Candidatus 
liberibacter asiaticus, Colletotrichum 
acutatum and Xathomonas campestris 
pv. Citri.)

Conduct pest survey and surveillance and 
update pest list 2020 onwards

PQPMC   
(lead)  
NARC 
/ PMAMP 
/ AKC  
(support)

Maintain sound record keeping of pest sur-
veillance for reporting Every year 

PQPMC (lead) 
PMAMP 
(support)

Develop IPM protocol for the management 
the pests and share with Chinese counterpart 2020

PQPMC 
(Lead)  NARC 
(Support)

Routinely  implementation of IPM Every year 
PMAMP (Lead)  
AKC, Local 
Level (support)  

Training to the farmers and technicians 2020-2021  
AKC, (Lead)  
PMAMP 
(support)

Monitoring and AREA WIDE management 
of  Bactrocera minax Every year PMAMP/Local 

Level 

Article 3: Citrus orchards, packaging 
houses shall be registered officially 
in MoALD and Jointly approved by 
MoALD and GACC Before each 
export season, MoALD shall provide 
GACC with a list of citrus orchards 
and packinghouses.

Update the orchards, packing houses and 
farmers registered during 2015/16 2020

Update the orchards, packing houses and 
farmers registered during 2015/16 2020

AKCs (lead) 
PMAMP 
(support)

Develop Standard Registration Procedure of 
orchard,  packing houses and farmers 2020

AKCs (lead) 
PMAMP 
(support)

Share orchard and packaging house registra-
tion procedure with GACC 2020 MoALD 

Re-registration of farmers, orchards and 
packaging houses with traceability mecha-
nism and approval by MoALD and GACC. 

2020
AKCs (lead) 
PMAMP 
(support)

Guideline for grower registration by 
pack-house, good manufacturing practices, 
traceability (???)
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Provision on Agreement Action Time line Responsible
authority

Article 4: (A) The citrus orchards 
shall be monitored and found free of 
the following quarantine diseases; 
Candidatus liberibacter asiaticus 
Jagoueix and Xathomonas campestris 
pv. citri (Hasse).

(B) For the following quarantine pests 
concerned by China; Citrus fruits shall 
come from the orchards that conduct 
cold treatment before export accord-
ing the international standards or the 
standard that both sides agreed 

1. Bactrocera correcta (Bezzi)

2. Bactrocera cucurbitae Coquillett

3. Bactrocera dorsalis (Hendel)

4. Bactrocera tsuneonis (Miyake)

5. Bactrocera zonata (Saunders)

Develop surveillance  and management 
protocol of citrus greening and canker disease 2020 

PQPMC 
(lead) NARC 
(support)

Identification of suspected citrus greening 
infected trees through visual symptoms on 
leaves and fruits and confirmation by PCR 
test (suspected sampled trees). 

Every year 
PMAMP (lead) 

AKC (support) 

Survey of Citrus Canker disease through 
visual symptoms observation on leaves and 
fruits.

Every Year PMAMP (lead)  
AKC (support)

Totally uprooting and destroy of greening 
infected plants from the orchard and ensure 
minimum compensation price to the farmers

Every Year AKC (lead) 
Palika (support) 

Replanting  using high quality saplings 2020-2021 NARC 
Conduct research on cold treatment of  
Citrus fruits to develop cold treatment 
protocol 

2020 MoALD 

Request to Chinese side to assist on cold 
treatment facilities 2021  MoALD 

Joint monitoring orchards from Nepal/China  MoALD /NPPO
Request to IPPC from MoALD/NPPO to 
de-notifying the presence of  Bactrocera 
tsuneonis (Miyake) in Nepal and provide 
scientific evidence that it is merely; 
Bactrocera minax

2020 onward
PMAMP (Lead)  
PQPMC, AKC 
(support) 

Develop Internal Control System(ICS) of 
these pest 2020-2021 NARC 

Article 5.  Under the supervision 
of MoALD, the citrus orchards and 
packinghouses shall undertake effective 
monitoring, precaution and Integrated 
Pest Management (IPM) to avoid and 
control the occurrences of quarantine 
pests of concern to Chinese side; and 
ensure that orchards and packinghouses 
maintain the phytosanitary conditions.

Upon request by GACC, MoALD shall 
provide GACC with relevant procedure 
and results of the above-mentioned pest 
monitoring, precaution and IPM programs.

Monitoring of IPM program implementation 
at field level  (as mentioned in article 2 and 
4)

Every Year

MoALD (Lead) 

NARC/PQPMC 
(support)

Share pest monitoring and management 
protocol and management results with 
GACC.  

Ever year   MoALD / 
PQPMC

Article 6 : Processing, packing, stor-
age and transportation of citrus shall 
be conducted under the quarantine 
supervision of  MoALD

Develop and implement safe postharvest 
management guidelines Every year PQPMC 

Monitoring to ensure implementation of the 
guidelines/SOP to control/prevent quarantine 
pests  during postharvest management 

Every year 
MoALD 
(lead) PQPMC 
(Support) 

Agreement with the pack houses operators to 
facilitate the inspection of the pack houses and 
storage during visit by Chinese and Nepali 
Quarantine Inspector

2020 MoALD 

Arrangement for Cold chain transportation 2022 MoALD 

Article7: 2% sampling of fruits in a 
consignment for quarantine inspection

Prepare protocol in consultation with 
Chinese counter parts. 2021 MoALD 

/ PQPMC
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Provision on Agreement Action Time line Responsible
authority

Article 8: Citrus arrives at entry port; 
China Customs (the port branch 
of GACC) will examine relevant 
certificates and labels, and conduct a 
quarantine inspection

Develop format of necessary certificates and 
labels to be supplied with consignment in 
consultation with Chinese counterpart

2020 and 
onwards

MoALD 
/ PQPMC

Effectively implementation of pest management 
techniques so that the citrus fruits comply all 
necessary phytosanitory requirements  mentioned 
in this protocol to avoid rejection from the 
Chinese custom

Every year 

MoALD (lead) 
PQPMC/PMAMP 
/ AKC/ Local  
Level (support) 

In case of rejection and send back of 
consignments from Chinese side due to pest; 
develop special disposal protocol to limit it.

2021 MoALD 

Article 8: Related to China Customs 
procedures and facilitation for techni-
cal support for compliance in case of 
noncompliance.

Develop format of necessary certificates and 
labels to be supplied with consignment in 
consultation with Chinese counterpart.

2020 and 
onwards

MoALD 
/ PQPMC

Effectively implementation of pest 
management techniques so that the citrus 
fruits comply all necessary phytosanitary 
requirements mentioned in this protocol.

Every year 

MoALD 
PQPMC 
/ PMAMP 
/ AKC, 
MoLMAC 
/ Local Level 

Article 9: After signing of this Pro-
tocol, if necessary and agreement is 
reached by both sides, GACC will 
send two quarantine inspectors to 
Nepal to conduct on-site investiga-
tion, audit and inspection of the citrus 
growing areas, orchards, packing-
houses, to examine pest monitoring 
and control

Invite the Chinese quarantine inspectors with 
budgeting 2020/ 2021   MoALD 

Budget to be provisioned for next fiscal year 
for Chinese Quarantine Inspectors' visit 2020/2021   MoALD 

Joint evaluation of pest monitoring and 
management protocols and implementation 
plan and results 

2020-2021
MoALD 
(lead) PQPMC 
(support) 

Quarantine concern in Nepal - China agreement and activities performed
Table 3 presents the list of provisions and the activities performed and progress in the different 
article of protocols of Nepal-China agreement to export citrus fruit from Nepal to China.

Table 3.  Activities performed and proposed, and progress to export citrus fruit from Nepal to 
China

S N
Protocol of 

phytosanitary 
requirement

Attempt to export the citrus fruit
(From Sindhuli)

Article 1
Compliance of 
phytosanitary 
regulation

Nepal has initiated some efforts on export of safe citrus fruits; sweet orange 
(Citrus sinensis), mandarin orange (Citrus reticulata Blanco) and lemon 
(Citrus limon) to China on the basis of the pest risk analysis and with the 
relevant phytosanitary laws and regulations of China which will satisfy 
the phytosanitary requirements as stipulated in the protocol. The citrus 
fruits exported to China will be limited in Xizang Autonomous Region for 
consumption and use.
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S N
Protocol of 

phytosanitary 
requirement

Attempt to export the citrus fruit
(From Sindhuli)

Article 2 Quarantine pest 
free citrus

Citrus orchards have been monitored and citrus orchards observed free from 
the following quarantine diseases have been promoted for the export. 

• Candidatus liberibacter asiaticus Jagoueix
• Xathomonas campestris pv. citri (Hasse)

Citrus fruits are free of following quarantine pests concerned by China as 
specified in the protocol.

• Bactrocera correcta (Bezzi)
• Bactrocera cucurbitae Coquillett
• Bactrocera dorsalis (Hendel)
• Bactrocera tsuneonis (Miyake)
• Bactrocera zonata (Saunders)

Bractocera minax was previously wrongly identified as Bractocera tsuneonis 
(Miyake) and the latter is not present in Nepal (Adhikari, Thapa, Joshi, & Du, 2022).
No new pests have been detected in citrus growing areas that have not been 
assessed by GACC and in case of detection of any new pests, MoALD will 
inform GACC as soon as possible, in order to determine if they are quarantine 
pests and adopt proper quarantine measures if required (Acharya, 2021).

Article 3 Cold treatment

Though, Nepal has not dedicated pack house and cold treatment facilities yet, 
but the fruits will be sent after packing and treating at the facilities owned 
by private sector. Therefore, as stipulated in the protocol, MoALD seeks 
technical assistance from GACC for the establishment of cold treatment 
facilities at the periphery of the production sites and capacity enhancement 
activities for the concerned MoALD officials and farmers.
For the following quarantine pests of concern to China, citrus fruits will be 
treated 1.1OC-2.22OC for 21 days before export (Acharya, 2021).

Article 4

Survey 
surveillance 
of quarantine 
diseases and 
quarantine fruit 
fly species

Fruit fly monitoring based on the surveillance protocol was carried out in the citrus 
crop cycle. The findings of the monitoring surveillance of fruit fly species using 
para-pheromone lures, methyl eugenol (ME) and cue-lure (CL), in the 2022-23 
(FY 2079/80) showed the seasonal variations in the fruit fly population. The higher 
fruit fly population abundance was recorded during summer months than winter. 
ME-traps attracted more numbers of fruit flies than CL-traps. Bactrocera dorsalis, 
B. zonata, Zeugodacus tau, Z. scutellaris, Z. cucurbitae and Dacus longicornis 
are the fruit fly species reported in the monitoring program. This para-pheromone 
based monitoring result reveled the trapping of fruit fly species other than B. minax 
(Chinese citrus fly) which was observed the main culprit destroying sweet oranges 
in the country since 2015. Along with the management measures (Area-Wide 
Control Program (AWCP) focusing on protein bait application and sanitation) 
initiated from 2018, the PMAMP, PIU Sindhuli through Junar Superzone has 
supported a continuous technical as well as subsidy program to the citrus growers 
in the command area (Adhikari, 2023, Adhikari, Thapa, Joshi, & Du, 2021).

Article 5

Implementation of 
IPM, citrus orchard 
management 
measures & 
packaging house 
operation

Under the supervision of MoALD, the citrus orchards have taken effective 
monitoring, precaution and Integrated Pest Management (IPM) to avoid and 
control the occurrences of quarantine pests of concern to Chinese side; and 
ensure that orchards maintain the phytosanitary conditions. 
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S N
Protocol of 

phytosanitary 
requirement

Attempt to export the citrus fruit
(From Sindhuli)

Article 6

Processing, 
packing, 
storage, and 
transportation of 
citrus

The processing, packing, storage, and transportation of citrus will be 
conducted under the quarantine supervision of MoALD. 
Before the packing, citrus will be culled and sorted, those with the color or 
surface are abnormal will be removed, to ensure that citrus are free of insects, 
mites, rotten fruits as well as twigs, leaves, roots and soil. 
The citrus processed (selected for packing) will be stored separately to 
avoid re-infestation. The packaging material will be clean, sanitary, unused 
cardboard boxes.
Every citrus packaging carton will have markings in English indicating the place 
of origin, the name or registration numbers of orchards and packinghouses. 
The cartons will be marked with Nepali, Chinese and English characters “For 
Export to the People’s Republic of China”.

Article 7 Phytosanitary 
certification

MoALD will sample 2% of fruits in a consignment for export quarantine 
inspection. In cases where live quarantine pests of concern to China are 
detected, the whole consignment will not be exported to China. On 
completion of quarantine inspection, MoALD will issue a Phytosanitary 
Certificate, with the following declaration:
 “The consignment is in compliance with Protocol of Phytosanitary 
Requirements for the Export of citrus fruit from Nepal to China and is 
free of any quarantine pest concern to China”. The Certificate will indicate 
in English the producing area, the orchard and the packinghouse. The 
Phytosanitary Certificate of shipments having undergone cold treatment 
before export will indicate the cold treatment temperature and duration, 
together with the facility name or code.

Article 8 Quarantine 
inspection

For items having undergone cold treatment before export, the cold treatment 
results with attached MoALD's sign-offs, as well as fruit temperature sensor 
record table, will be delivered.

Effort of MoALD to export Citrus
In 2021, MoALD had tried to export the sample consignment of citrus fruits from Sindhuli and 
Syangja following this protocol. For this, the PMAMP PIU of both districts, registered the citrus 
growers, selection of superior orchards and other technical works. It also conducted pre-harvest 
survey of orchards to ensure that the sweet oranges are harvested at right maturity stage and right 
pest control practices are in place including trap placement and data recording for fruit flies in 
accordance with developed National Standard for Phytosanitary Measures (NSPM) by NPPO. 
But the entire effort could not executed due to the Covid Pandemic that the Chinese borders were 
closed. 

Opportunities and challenges of citrus fruit export
Citrus fruit export from Nepal to China offers significant opportunities for economic growth 
and market expansion. However, it also presents several challenges, particularly in meeting 
the requirements and regulations related to plant quarantine. Opportunities and challenges 
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associated with citrus fruit export, focusing on the requirements and regulations related to 
plant quarantine are presented in the Table 4 below. 

Table 4. Opportunities and challenges of citrus fruit export from Nepal to China
Opportunties Challenges

Expanding Market Access Plant Quarantine Regulations
Economic Benefits Pest Management

Infrastructure and Logistics
Capacity Building

Opportunities of citrus fruit export from Nepal to China: China's growing demand for 
high-quality citrus fruits presents a significant opportunity for Nepalese exporters. The large 
consumer base and increasing disposable income in China provide a potential market for 
Nepalese citrus growers and exporters. Successful citrus fruit export to China can contribute 
to the economic development of Nepal. Increased export revenue can enhance the livelihoods 
of farmers, create employment opportunities, and strengthen the country's economy ultimately  
decreasing the trade deficit.

Challenges of citrus fruit export from Nepal to China: China has stringent plant quarantine 
regulations to protect its agricultural industry from the introduction of pests and diseases. Citrus 
pests, such as citrus fruit fly and citrus greening disease, pose challenges in meeting China's 
phytosanitary requirements. Effective pest management strategies, including integrated pest 
management (IPM) and Good Agricultural Practices (GAP), are essential to mitigate the risk of 
pest infestation and ensure compliance with quarantine regulations. Establishing efficient cold 
chain infrastructure and logistics systems is critical for maintaining the quality and freshness 
of citrus fruits during transportation. Appropriate handling, packaging, and storage facilities 
may pose significant challenge to meet the quality standards demanded by the Chinese market. 
Besides, exporting citrus fruits to China requires proper documentation and certification, 
including phytosanitary certificates and other relevant export documentation.

Issues  
In order to accelerate the activities of citrus export from Nepal to China, it appears 
that the issues need to be given careful consideration. 

Identification of disease and pest free citrus orchards
•	 The systems approach
•	 Development of different protocols required
•	 Package of practices
•	 Infrastructure for package house, and treatment facilities
•	 Cold storage
•	 Stakeholder’s engagement: coordination and collaboration
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Conclusion
While citrus fruit export from Nepal to China presents promising opportunities, it is accompanied 
by challenges related to plant quarantine requirements and regulations. Overcoming these 
challenges requires a concerted effort from stakeholders, including government authorities, 
exporters, and citrus producers. Collaboration, capacity building, and adherence to best practices 
in pest management and quality control are essential to successfully navigate the plant quarantine 
landscape and maximize the opportunities for citrus fruit export from Nepal to China.
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Abstract 

Nepal government has formulated dozens of policies and strategies in agriculture: National 
Agriculture Policy 2004, Agri-business Promotion Policy 2006, Agro-biodiversity Policy 2014 
and Agriculture Development Strategy (2015-2035) etc.  Some of the policies are targeted to 
different commodities (tea, coffee and floriculture etc.), and address international and national 
concerns and priorities. This paper aims to gather government policy and program interventions 
for the promotion of mandarin orange in the country. For this purpose,  relevant  policies, strategic 
plans, program and projects have been reviewed for their provision and implementation and 
efforts made for the promotion of the citrus particularly mandarin orange. Recommendations 
have been made towards sufficient institutional framework, government policy support and 
political commitment consideration the national interest on mandarin orange promotion in a form 
of national fruit program.

Keywords: Mandarin orange, Plan, Policy, Political commitment, Promotion 

Introduction
Mandarin orange is a leading and a very popular citrus fruit of Nepal. It has spread in mid-hills 
of the country from east to far-west of Nepal. From the very beginning of the development plan 
and policy support, it has accorded high priority fruit in the subtropical agro-ecological zone 
of the country. At present in 2021/22, the area, productive area, production and productivity of 
mandarin orange are 27982 ha, 19481 ha. 185346 MT and 9.51 MT/ha respectively (MoALD, 
2023). The share of mandarin orange in AGDP is 0.9648% in 2022/23 (MoALD, 2023).

Policy support of the government has been reflected in periodic plan, strategic plan document 
and budget speech, and campaign programs which are briefly discussed as below:
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Master Plan for Horticulture Development (MPHD, 1991-2010)
MPHD has envisioned the special significance of development of horticulture sector that has 
the potential to generate resources to require to pay for imports and also to enhance individual 
incomes so that vast majority can purchase their requirements without the need for subsidies 
or government interventions. It has identified four agro-ecological zones namely cool 
temperate, warm temperate, subtropical and tropical zones. A general policy set by MPHD 
is the development of fruits in the mid-hills of the country and citrus (mandarin orange) is 
one of the prioritized fruit crop for the mid-hills of the country. Research priorities have also 
been outlined in the plan document. The twenty year MPHD has recommended ten short 
term strategies (one to three years), ten mid-term strategies (four to seven years) and ten long 
term strategies (seven years onwards) for the development and promotion of horticulture in 
the country. Though MPHD was not approved by the government of Nepal, the document 
has been used as a guiding document while formulating the horticulture development plan, 
strategy and program in the country.

Agriculture Perspective Plan (APP, 1997-2017)
One of the main objectives of APP was to transform the subsistence agriculture to commercial 
one through diversification and widespread realization of comparative advantages based 
agriculture. It had identified four priority inputs (irrigation, fertilizer, technology, roads and 
power) and four priority outputs (livestock, high value crops, agribusiness and forestry). 
Similarly priority package program strategy had been emphasized.by the plan. 

Citrus mainly mandarin orange had been recognized one of the high value crops in the mid-
hills of the country. For the implementation of the pocket package strategy, pocket package 
strategy implementation guideline has defined five categories of pockets namely: (i) Pocket 
with irrigation, road and electricity facility; (ii) Pocket with irrigation and road facility (iii) 
Pocket with irrigation facility (iv) pocket with road facility and (v) other feasible pocket i.e. 
traditional agriculture pocket area. The size of pocket for fruits (e.g. mandarin orange in the 
mid-hill was 150 ha. A number of commercial pockets of mandarin orange have been developed 
under this strategy which has given a momentum towards the commercialization of mandarin.

National Agriculture Policy (NAP, 2004)
NAP was formulated to support the implementation of APP. Major policy provisions that 
contributed in the promotion of mandarin orange in the country are:

•	 Development and extension of irrigation facilities, agriculture roads, rural electrification 
and appropriate technologies.

•	 Intensive and wider use of available technologies in the areas with irrigation, roads and 
electrification

•	 Pocket Package  Strategy (PPS)
•	 Encourage agricultural commercialization and diversification 
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•	 Encourage high value crops production along the North-South highway and its feeder 
roads

•	 Development and strengthening of resource centers for quality inputs  supply and  
technical service

•	 Farmers capacity development through agriculture training
•	 Larger pockets development to meet the quantity and quality of the market demands

The provisions made in the policy are being implemented by MoALD/DoA such as area 
expansion of mandarin orange in commercial scale along the North-South highways and due 
attention has been given towards strengthening of resource centers to some extent.

Agri-business Promotion Policy (ABPP, 2006)
This policy was prepared in the spirit of National Agriculture Policy 2004 emphasizing 
diversification, commercialization, and promotion of the agriculture sector with private sector 
involvement in commercial farming. 

Major policy provisions that have contributed to the promotion of mandarin orange are:

•	 Establishment and development of growth center based on geographic, economic, and 
technical potentiality

•	 Designation and demarcation of three types of production areas, namely commercial 
crop and commodity production area; organic and pesticide free production area; and 
agricultural products export area

•	 Development of infrastructure (business service centers, markets and collection points, 
and rural roads and electricity) for post- harvest, marketing and processing

•	 Emphasize partnership between the private and the government
•	 Development of system for insurance of commercial crop production, livestock, markets, 

and agro-industries
•	 Priority given in developing market network in the context of Nepal's entry into the WTO

The provision made in the policy is being implemented by MoALD and DoA. Collection 
centers in nearby citrus production pockets have been developed where there is road facility. 
Partnership program with private sectors like One Village One Product in mandarin orange 
had been implemented.

Agriculture Development Strategy (ADS, 2015-2035)
ADS is a twenty-year (2015-2035) vision for agriculture development in Nepal as a major 
policy guideline for agricultural transformation in the country. The ADS document presents 
the overall agriculture development strategy and a 10-year action plan with roadmap, which 
also includes visions, outcomes, outputs, and activities for the sector. The basic features of 
ADS namely concept of value chain, growth strategy, sustainability, multiple priorities (food-
based, nutrition-based, peasants right-based, and market oriented), inclusive and pluralistic 
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(government, farmer groups/cooperatives and private sector engagement) approaches, and 
welfare (MoALD, 2023). Though ADS does not prioritize fruit development activities and 
even not listed in the top 15 value chain ranking in its document, the concept envisioned by 
the strategy is very relevant to follow and are being undertaken by different projects in their 
formulation and implementation (MoALD, 2023).

Major policy intervention for mandarin orange promotion in Periodic Development 
Plan

The Fifth Five Year Plan (1975-1980)
Agriculture was given top priority in the plan and declared 1975 as an Agriculture Development 
Year. The plan aimed to strengthen the existing government horticulture farm/centers and 
focused on establishing private fruit nurseries to meet the demand of the saplings. It had given 
high priority to farmers' problem solving adaptive researches.

The Sixth Five Year Plan (1980-1985) 
Fruit development efforts were concentrated in hills especially in the areas where transport 
infrastructure was already available and also near urban areas. Priority areas for different 
fruit crops were directed emphasizing the cultivation of apple and dry fruits in high hills, 
citrus in mid-hills and mango, litchi and banana in terai and foothills. To meet the saplings 
requirements emphasis had been given in establishing private fruit nurseries.

The Seventh Five Year Plan (1985-1990)
Fruit development program was also directed to the high way corridors and densely populated 
areas. It identified major fruits including mandarin orange for commercial production. Priority 
districts were listed for the commercial production for mango, banana, mandarin orange, sweet 
orange, apple, pear and walnut. 

The Eighth Five Year Plan (1992-1997)
Special (commercial production) and general program (homestead production) on fruits 
including mandarin orange were conducted during the plan period. Development of commercial 
orchards had been focused in areas along the highway corridors (spelt out in the documents) 
running from east to west and from north to south all over the country. All the technical 
services, timely credit, planting materials and other required production inputs were planned 
to make available at the grass root level.

The Ninth Five Year Plan (1997-2002)
Based on APP of 1995, the plan identified citrus mainly mandarin orange as high value crop 
for the mid-hills, the emphasis was on the pocket package development strategy. A number of 
mandarin orange pockets were developed during the plan period.
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The Tenth Five Year Plan (2002-2007)
Some of the provisions made in the tenth periodic plan are:
•	 Pocket Package Program (PPP) launched on the locations specific priority 

crops/commodities identified by APP. In such developed pockets, necessary infrastructure 
development programs were focused in an integrated way.

•	 Agricultural research was focused on the APP's prioritized high value crop/commodities.
•	 The resource centers were directed to provide the necessary technical back up support to 

the district development committee to conduct the agriculture/livestock services program.
•	 Agriculture extension services were made not limited to the production but to focus on 

commercialization based on comparative advantage, agricultural business promotion and 
effective market information dissemination.

•	 The farmers and farmers' groups mobilized for the construction of collection centers and 
cellar stores in the production area. In the feasible areas, required credit made available 
at confessional rates for the construction of multi-chambered cold storage. The rebate 
on customs made available when necessary on the import of equipment and tools for the 
cold storage. Likewise, provision made to provide assistance for the construction of Cold 
Chain as necessary for perishable crops which are exportable.

•	 Declared the tenth and Eleventh Plans as the agriculture decade. Special emphasis laid on 
the improvement of the organizational structures and the fulfillment of the necessities to 
bring about effectiveness in the implementation aspects. Provisions made in the manner 
so as to inspire the government and non-government institutions to support agricultural 
development in priority basis.

•	 Developing and strengthening of infrastructures for conducting training in horticulture in 
Central Horticulture Center (CHC), Kirtipur was also highlighted in the document.

The Eleventh Plan - Three Year Interim Plan (2007/8-2009/10)
Some of the Policy/working policy highlights of the plan relevant to mandarin orange 
promotion are:
•	 Mandarin orange had been listed among the three years' priority agricultural crops and 

commodities
•	 Focus on pocket area infrastructure development and expansion of OVOP for specializing 

crops, commodities based on comparative and competitive advantages.
•	 Focus on District Priority Production Program to become self-sufficient in one or more 

items including fruit saplings
•	 Emphasized making the agricultural research system practical, accountable and result 

oriented by giving it a high priority in public sector investment
•	 Focus on implementation of agriculture research, extension and education in coordinated 

and integrated manner.
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The Fifteenth Five Year Plan (2019/20-2023/2024)
Working policy highlights made in the plan document are:

•	 Enhancing the capacity of federal, provincial, and local levels for agricultural research 
and development

•	 Developing a mechanism for coordination and facilitation to avoid duplication in priorities, 
policies, laws, and plans of the federal, provincial, and local levels.

•	 Improving strategies, structures, and human resource management to design an appropriate 
model for agricultural and livestock extension services at all three levels of government.

Important events for institutional development for the promotion of 
mandarin orange in the country
•	 Citrus Research Station was established in 1961 AD at Dhankuta and substation at 

Malepatan, Pokhara. In 1966 (BS 2022), their name has been changed to Agriculture 
Research Station, Dhankuta and Horticulture Research Station, Pokhara. 

•	 National Citrus Development Program (NCDP) was established in BS 2029 (1972 AD) in 
Pokhara and moved to Dhankuta in BS 2031 (1974 AD) giving full responsibility for citrus 
Research and Development (R&D) of the country. In 1977 AD (BS 2034) Horticulture 
Research Station, Dailekh was established in Mid-Western Region with major mandate 
on citrus. Dhankuta, Pokhara and Dailekh Stations were identified as major centers for 
citrus R & D. Horticulture Farms at Sindhuli and Palpa were also associated with Citrus 
Development Program (CDP) at that time.

•	 Dhankuta Agriculture Research Station was handed over to Nepal Agricultural Research 
Council (NARC) after the establishment of NARC in 2048 and named as Agriculture 
Research Station (Horticulture), Dhankuta. From July 2000 (Shrawan 2057 BS) the 
station was officially recognized as National Citrus Research Program (NCRP) (Shrestha 
T.N. & Regmi, 2016).

Mandarin orange support program in different projects 

Indian Cooperation Mission (ICM, 1960-1971)
ICM provided a stimulus and assistance to establish several horticultural research stations, to 
introduce a wide variety of tropical, subtropical, temperate fruits and nut species and cultivars, 
and to provide outside horticultural training to Nepalese technicians. During this period, a total 
of 14 Horticulture Stations (including Horticulture Research Station, Pokhara and Horticulture 
Research Station Dhankuta for citrus) were established in different ecological regions of the 
country, The principal activities of these stations were to (1) evaluate different fruit species 
and cultivars, (2) produce nursery plants of  several species for distribution to farmers at a 
minimum cost, (3)provide short term training courses for farmers, and (4) provide technical 
support to the horticulture development program (MPHD, 1990).
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National Citrus Priority Program
National Citrus Priority Program was implemented in 1983/84 with an objective of commercialization 
of citrus production particularly mandarin in 20 districts namely Illam, Dhankuta, Tehrathum, 
Sankhuwasabha, Bhojpur, Khotang, Okhaldhunga, Ramechhap, Sindhuli, Dhading, Gorkha, 
Lamjung, Tanahu, Kaski, Syangja, Palpa, Gulmi, Arghakhanchi, Salyan and Dailekh. Program 
was in a form of campaign with a focus on establishment of commercial orchards and nursery 
establishment with financial support of government. Due to regular monitoring and supervision, 
the program was implemented effectively. This was one of the successful program initiated by the 
government in the past. Most of the commercial orchards of today in those districts were the impact 
of this intervention. In order to encourage farmers in the fruit production, the government provided 
interest subsidy also on the credit of fruit farming (Kaini, 2005).

Horticulture Development Project (HDP, 1985-1997)
HDP was implemented with the support of Japanese government from 1985 to 1997. Some 
exotic citrus species and varieties were introduced from Japan and established evaluation 
blocks at Horticulture Centre, Kirtipur. Studies on evaluation of local land races (mandarin 
orange, sweet orange and pummelo), cultivation techniques, rootstock evaluation, harvesting 
and storage techniques were carried out. During the project period 24 types of exotic citrus 
varieties were introduced in order to study and select the better performers under Nepalese 
agro-climatic conditions. Some of the varieties like Yoshida Ponkan (better quality because 
of high brix and low acid percentage leading to consumer acceptability), Okitsuwase and 
Miyagawawase (early maturity character and good quality) and Murcott (late maturity 
character and good quality) have shown promising results. Long and short-term training 
to Junior Technician/Junior Technical Assistant (JT/JTA) and farmers and establishment of 
demonstration farms were other activities of the project (HDP, 1995). The Okitsuwase upon 
further evaluation got registered in 2024 as Paripatle Agaute Suntala-1.

Hill Fruit Development Project (HFDP, 1988-1997)
HFDP in eleven hill and mountain districts of Eastern Development Region was implemented 
from 1988/89 to 1996//97 with the support of Asian Development Bank. Main thrust of the 
project was to increase the production of citrus in mid-hill region, apple in temperate region 
and banana and pineapple in terai and lower altitude. It supported to improve research facilities 
at NCRP, Dhankuta, to improve extension services, construction of market yards and cellar 
storage and establishment of nurseries in private sector (APROSC, 1999).

Hill Agriculture Research Project (HARP, 1977-2004)
HARP was implemented during the period of 1997-2004 with financial support of British 
Government's Competitive Grant System (CGS) in Nepal in Agricultural Research. Research 
works on various aspects of mandarin orange had been conducted. Major research works were: 
management of fruit drop in mandarin orange, improvement of postharvest shelf life and marketing 
of mandarin orange in the hills of Nepal, integrated mandarin orange tree health improvement 
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in the hills of Nepal, citrus decline management projects, development and use of tissue culture 
technology against citrus decline, development of improved package technologies for increased 
productivity and quality of mandarin orange in the eastern hills of Nepal (HARP, 2004).

Commercial Agriculture Development Project (CADP, 2007-2014)
The Ministry of Agriculture and Cooperatives (MoAC) implemented a Commercial Agriculture 
Development Program (CADP) for a period of 2007-2014 with financial support of Asian 
Development Bank (ADB) for some high value crops including citrus. This project provided 
financial support in planting materials, horticultural equipment and plant protection chemicals 
for commercializing citriculture in the mid-hills. Establishment of Commercial Agriculture 
Alliance (CAA) was one of the most important outputs of the project (MDT, 2014).

Value Addition Program
In 2009/10 and 2010/11, the program was implemented to improve fruit quality and commercial 
market promotion in Panchthar, Dhankuta, Gorkha, Tanahu, Syangja, Parbat, Argakhachi, 
Dailekh, Dadeldhura, Gulmi, Salyan, Rolpa and Kailali districts (Paudyal et al., 2016).

Citrus Orchards Improvement Program
In 2013/14, the program was executed in Dhading, Gorkha, Lamjung, Tanahu, Kaski, Syangja, 
Parbat and Myagdi districts to improve declining orchards. Subsidy was provided @ NRs. 
76,000 per hectare for 50 hectares in each district. The program was continued in FY 2014/15 
to cover 20 hectare per district with same amount of subsidy (Paudyal at al., 2016).

One Village One Product in Mandarin Orange
One Village One Product (OVOP) was a government partnership program with the private 
sector. Agro Enterprise Center (AEC) played a lead role in coordinating and conducting this 
program. OVOP program on mandarin orange had been conducted with the partnership of 
respective district's District Chamber of Commerce and Industry (DCCI): Bhojpur (from 
2013/14 to 2016/17), Dailekh (in 2015/16 and 2016/17) and Darchula (in 2016/17) for the 
promotion of mandarin orange. Besides this, mandarin orange was one of the components of 
OVOP on Agri-tourism conducted by Lekhnath Chamber of Commerce and Industry, Kaski 
from 2007/08 to 2016/2017 (AEC, 2017).

Technical Cooperation Program on Combating Citrus Decline Problems In Nepal
This FAO supported project was conducted to combat the citrus decline of Nepal. It has come 
up with some recommendation on: 

A. Strategies related to:
i. Commercial citriculture as well as  combating citrus decline
ii. Policy and institution
iii. Nursery and orchard management
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iv. Insect pests and diseases
B. Improved production technology with particular focus on combating citrus decline.
C. Rejuvenation of declined citrus orchards through improved practice (FAO Nepal, 2011)

Agriculture Sector Development Program (ASDP, 2018 - till date)
ASDP has been implemented 2018 AD for a period of six years in ten hill and mountain 
districts of Karnali Province (Dailekh, Dolpa, Humla, Jajarkot, Jumla, Kalikot, Mugu, Rukum 
Western, Salyan and Surrket). The value chain commodity of fruits are apple, walnut and 
citrus. One of the value chain targeted was citrus mainly mandarin orange in the mid-hills 
of the Karnali province. In the initial stage of the program a strategic investment plan of 
mandarin orange was prepared but it has not been materialized. It has been reported that 
some of the value chains initially targeted was dropped which includes mandarin orange also 
(MoALD, 2023).

Prime Minister Agriculture Modernization Project (PMAMP, 2016 - 2026)
PMAMP is  ten years (2016/17 - 2025/26 AD) Nepal government funded project in 
commercialization of agriculture and transformation of agriculture towards industrialization to 
contribute higher rate of value addition. It has undertaken the program in four level i.e. Small 
Commercial Production Center (Pocket), Commercial Production Center (Block), Commercial 
Production and Processing Center (Zone) and Commercial Production and Industrialization 
(Super zone). One of the priority commodities of the project is mandarin orange.  It has 
developed one super zone in Syangja and 17 zones (Solukhumbu, Udayapur, Gorkha, Magdi, 
Nawalparasi East, Gulmi, Jajarkot, Dailekh, Dhankuta, Sankhuwasabha, Bhojpur, Palpa, Doti 
and Darchula) in the mandarin orange in the mid-hills of the country spread from far-west 
to far-east of the country. This program has contributed a lot in the commercialization of 
mandarin production and marketing based on the value chain approach (PMAMP, 2023).

Developmental programs on fruit crops including mandarin orange under 
FDD/ NCFD
Various fruit developmental programs have been implemented by the then Fruit Development 
Directorate (FDD) and the current National Centre for Fruit Development (NCFD) in order to 
reduce import, promote export and address trade deficit in fruit crops.

Fruit Decade Program (2016/17 - 2025/26)
In 2016, Nepal government has announced the years 2016/17 to 2025/26 (B.S. 2073/74 to 
B.S. 2082/83) as the Fruit Decade. Fruit Decade Implementation Guideline 2016 (2073 B.S.) 
has been approved by the ministry in the 2016/17 and in order to avail quality fruit saplings 
to support the decade program another guideline Fruit Saplings Production Infrastructure 
Development Guideline 2016 (2073 B.S.) has also been approved in the same fiscal year. 
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The main objectives of the program are to increase the production and productivity of fruits 
through quality sapling production, orchard area expansion and strengthening thereby resulting 
in self-reliant on major fruits (Mango, Litchi, Banana, Mandarin Orange, Acid Lime, Lemon, 
Apple etc.) through a decade long program on fruits. Programs listed are as follows:

� Quality saplings production program: Farm/centers, private sectors, tissue culture, 
screenhouse construction, training and visits.

� Fruit pocket area expansion program: Site selection, training, fruit saplings distribution, 
high density planting.

� Emerging fruit crop promotional program: Site selection, training, fruit saplings 
distribution, high density planting.

� Import of potential fruit varieties: Import of propagating materials (rootstocks and scion), 
multiplication and production of saplings in farm/centers 

� Value chain program on fruits: Production, post-harvest, grading, storage, processing and 
marketing

� Horticulture tourism promotional program: Model farm development, fruit-based tourism 
industry development

� Technology transfer program: Trainings and tours, seminars, exhibition, publication of 
technical matters on fruits

� Research programs on (i) varietal characterization and development, (ii) farmer’s problem 
oriented, and (iii) socio economic analysis of fruit production

� Envisaged impact of fruit decade on fruit production is shown in Figure 1. Before the 
start of the decade program i.e. in the 2015/16, the area under fruits was 1,57,199 ha 
and productive area was 1,10,586 ha and the production of fruits was 9,76,481 MT. 
After the completion of fruit decade program, the area is expected to be 2,79,083 ha, the 
production is expected to rise to 20,02,821 MT in business as usual. After the intervention 
the production is expected to rise to 29,94,593 MT. 
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Figure 1. Envisaged impact of fruit decade on fruit production
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During the first five years of fruit decade, quality saplings production program was emphasized 
for the expansion of fruit orchards as short term strategy and next five years was emphasized 
for new technology transfer and post-harvest handling and processing industries development. 

Programs implemented in line with Fruit Decade
In the first year of fruit decade (2016/17): The Nursery development programs were 
implemented through the District Agriculture Development Offices (10 districts for temperate 
fruits, 10 districts for warm temperate fruits, 19 districts for citrus fruits and 10 districts for 
tropical fruits (Table 1).

Table 1. Fruit sapling production infrastructure development programs in 2016/17

S. 
No.

Fruit 
categories Major fruits

Number of  
nurseries per 

district
Districts

1. Temperate 
fruits

Apple, Walnut, 
Apricot 

One nursery 
per district 
=10

Jumla, Humla, Dolpa, Mugu, 
Kalikot, Mustang, Manang, 
Rasuwa, Solu and Baitadi

2.
Warm 
Temperate 
fruits

Pomegranate, Hog-
plum, Kiwi, Pear, 
Persimmon

Two nurseries 
per district 
= 20

Dolakha, Sindhupalchowk, Ilam, 
Bhaktapur, Sindhul, Dhading, 
Salyan, Dailekh, Kathmandu, 
Makawanpur

3. Subtropical 
fruits

Citrus (Mandarin 
Orange, Acid Lime 
and Sweet Orange)

One nursery 
per district 
=20

Bhojpur, Udaipur, Terhathum, 
Dhankuta, Palpa, Baglung, 
Kaski, Chitwan, Ramechhap, 
Kavrepalanchowk, Gorkha (2 
sets of nurseries), Tanahun, 
Syangja, Arghakhanchi, Salyan, 
Dailekh, Doti, Dadeldhura, 
Kailali, 

4. Tropical fruits Mango, Litchi, 
Banana and Papaya

One nursery 
per district 
=20

Bara, Rautahat, Siraha, Saptari, 
Sarlahi, Rupandehi, Banke, 
Bardia, Surkhet, Kanchanpur

In the second year of fruit decade (2017/18): Private Nursery Development Program of Fruit 
Development Directorate was implemented through farms and centers at Sarlahi, Janakpur, 
Trishuli, Daman, Marpha and Palpa. Program aimed to establish and strengthen nurseries in 
their command districts. Budgets were allocated to government farms for farm infrastructure 
construction, strengthening farm roads, fencing and nursery infrastructure construction and 
strengthening screen houses, glass houses and net-houses.

In the third year of fruit decade (2018/19): Fruit Plantation Area Expansion Program was 
implemented. A guideline on Fruit Plantation Area Expansion in public and private lands 
was prepared and followed. Major objectives were import substitution and export promotion 
through commercial fruit cultivation area expansion. Proposals were called from 15 districts 
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for plantation in private lands in which area of plantation should be at least 10 hectares in a 
block. Kiwi, Pomogranate, Mandarine orange, Acid lime and Mango were the priority crops 
for plantation.

Citrus Nursery Improvement Program
NCFD had implemented Citrus Nursery Improvement Program where Screen houses 
constructed for citrus saplings production (Ramechhap, Sindhuli, Gorkha, Lamjung). In the 
2020/21 (B.S. 2077/2078), screen house construction program was implemented through 
Provincial Government (AKCs) in 29 districts. There are several citrus development programs 
being implemented through the conditional grants at the Provincial and Local Level (Table 2).

Table 2. List of citrus development program being implemented with the support of NCFD at 
the Provincial and Local Level

Fiscal 
Year 
(BS)

Programs Activities Provincial Level Local 
Level 

Budget 
Allocation 

(NPR)

2075/76

Extension 
of fruit 
cultivation 
program in 
public and 
private land

Extension of 
mandarin orange 
and acid lime fruit 
cultivation

2076/77
Citrus nursery 
strengthening 
program

Construction of nine 
screen houses

Ramechhap - 4

Sindhuli - 5
- -

2077/78

Mandarin 
orange fruits 
nursery 
strengthening 
program

Area expantion of 
citrus fruits - 171 243,975.00

Establishment of 
new nurseries - 231 48,050.00

Improvement of old 
nursery - 102 25,075.00
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Fiscal 
Year 
(BS)

Programs Activities Provincial Level Local 
Level 

Budget 
Allocation 

(NPR)

2078/79
Citrus crops 
promotion 
program

Improvement of old 
screen houses - 29 22,000,000.00

Mandarin 
orange orchard 
management 
and plantation of 
saplings

- 82 -

Commercial 
mandarin orange 
cultivation

- 34 3,450,000.00

2079/80

Commercial 
citrus fruits 
extension 
program

Mandarin orange 
and acid lime fruit 
saplings plantation

- 30 28,820.00

Citrus nursery 
strengthening 

11 Districts 
(Khotang, 
Okhaldunga, 
Ramechhap, 
Kavrepalanchok, 
Gorakha, 
Parbat, Myagdi, 
Arghakhanchi, 
Gulmi, Salyan, 
Dadeldhura)

- 11,100,000.00

Citrus fruits 
saplings 
production 
program

Construction of 
screen house

Floriculture 
Development 
Center, 
Godawari, 
Lalitpur

- 8,500,000.00

2080/81

Citrus fruits 
farming 
promotional 
program

46 Districts - -
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PCR and CTV testing programs
NCFD is providing necessary counseling every year to the citrus nursery and citrus orchard 
owners through Citrus Greening Disease (CGD) and Citrus Tristeza Virus (CTV) testing 
program. These testing programs have been started in Warm Temperate Horticulture Center, 
Kirtipur in Kathmandu and Citrus Fruit Development Center, Palpa under NCFD.

Development of Protocol/Procedure/Guideline
NCFD has been implemented CGD and CTV testing protocol approved by MoALD. Similarly, 
NCFD has been developed a guideline as a Greening Affected Orchard/Plant Uprooting and 
Replantation Procedure (Karyabidhi) to give relief to the citrus orchard owners. Equally, 
NCFD has been developed a protocol of Citrus Bud-wood Certification Program which is 
under approval from the Ministry. Also, Farmers' Registration Procedure under Nepal-China 
Protocol has been developed and under the approval of the Ministry.

Publication of citrus related documents
NCFD has been promoted citrus fruits sub-sector through the seminar and publication of 
several citrus related books and documents as well. In this order, NCFD has been published 
Cultivation Practices of Citrus Fruits and Post-harvest Management of Citrus Fruits. 

On the recommendation of the Ministry at the initiative of the NCFD, the Government 
of Nepal has declared Mandarin Orange as the National fruit. NCFD in collaboration with 
NHS organized a Seminar on Mandarin orange and a Compendium on Mandarin orange under 
the title "Mandarin Orange: History, Science and Technology in Nepal" is under publication. 

Programs run by Provincial and Local Level Governments
As the country has adopted the federal system, government agriculture organizations have  
undergone massive restructuring, all regional agriculture directorates and district agriculture 
development offices have been dismantled and instead agriculture related ministry, agriculture 
development directorate are established in every province and 51 Agriculture Knowledge 
Centers (AKCs) are established throughout the country in the FY 2018/19. Therefore, the 
implementation modality of the fruit decade as given in the guideline is also affected. In the 
provinces, horticulture programs including fruit development programs have been proposed 
and implemented based on their strength of human resources and budget availability. To some 
extent, radio programs were aired to create mass awareness regarding the fruit decade program, 
technical information regarding various aspects of fruit cultivation including quality planting 
materials were broadcasted depending on the season. Area expansion of certain fruits through 
subsidy programs and contract farming were also done by some of the AKCs and province 
level farms. Federal guidelines of fruit development programs have been used as guiding 
documents for the preparation of their own guidelines. Area expansion of certain fruits were 
continued in the FY 2019/20 by some of the AKCs and province level farms. 
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The FY 2018/19 was the first year for local level bodies (municipalities). Agriculture sections 
with limited human resources are also conducting fruit development programs based on their 
perceived importance and priority. 

As government agriculture organizations have undergone massive changes, Fruit Decade 
programs, and modality need some revisions and need to be adjusted accordingly. Clear cut 
roles and responsibilities are to be provided at every level (local, provincial, federal). More 
campaigns are required on the ‘Fruit Decade’ at all levels of the governments in order to bring 
a momentum, then only increase in area and productivity of fruits will be accelerated thereby 
aid in import substitution of major fruits.

Citrus related activities under Provinces
Directorate of Agriculture Development (DoAD), Sudurpaschhim Pradesh has been promoting 
commercial citrus production mainly mandarin orange and strengthening citrus nursery in the 
mid-hills of Doti, Dadeldhura, Bajura and Kailali (DoAD, 2021/22). Likewise Directorate of 
Agriculture Development (DoAD), Koshi Pradesh has envisioned the potentialities of area 
expansion, production and export promotion of mandarin orange particularly in Dhankuta, 
Ilam and Panchthar districts. Programs on citrus orchard management and strengthening, 
management of citrus decline, citrus insect-pests, diseases and acid lime production promotion 
have been implemented through Agriculture Knowledge Centers of Bagmati, Karnali, Lumbini 
and Gandaki Province in line with Fruit Decade Program (DoAD, 2022/23).

Nuts and Fruits in Hilly Areas Project (NAFHA, 2022 - 2029 AD)
National Centre for Fruit Development (NCFD) is implementing seven years (2022 to 2029 
A.D.) project entitled “Nuts and Fruits in Hilly Areas (NAFHA)” with financial assistance 
from the Asian Development Bank (ADB), Global Agriculture and Food Security Program 
(GAFSP) and the Government of Nepal. The project will increase agricultural income of 
approximately 40,000 beneficiary farm households in 100 municipalities from 34 district of 
five provinces – Koshi, Bagmati, Gandaki, Karnali and Sudurpashchim. The outputs of the 
project are: Output 1: Institutional capacity for nursery and horticulture sector management 
improved; Output 2: Production and productivity of project farmers increased; and Output 3. 
Value addition to hilly area horticulture produce enhanced. The project will also improve the 
institutional capacity for managing the nursery and horticulture sector. This will be mainly 
achieved by developing about 10,000 ha of climate- resilient fruit and nut orchards providing 
value addition to the nuts and fruits produced by about 30,000 farmer households and 1,000 
ha of vegetable and nutritious crop cultivation. The project focuses on ten fruit crops namely 
Apple, Walnut, Pecanut, Almond, Kiwi, Mandarin orange, Sweet orange, Acid lime, Avocado, 
and Macadamia nut.  Mandarin orange is one of the main targeted fruit crops which alone covers 
2600 hectares (26%) out of the total 10,000 hectare of targeted area expansion. Similarly, the 
project will strengthen the institutional and technical capacity of 12 government horticultural 
resource centers (3 from NCFD, 4 from provinces and 5 from NARC) which will help in 
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production of recommended standard quality saplings and implementation of the fruit nursery 
certification system in the country.

Variety registration and declaration of national fruit
A milestone of R&D activities on the varietal development and evaluation of mandarin orange 
was achieved when Khoku Local variety, the first variety of mandarin orange registered by the 
government in 2018 (ALD, 2023) followed by registration of Banskharka local and  Paripatle 
Agaute Suntala-1 variety of mandarin orange in 2024 (ALD, 2024). On April 12, 2024 (Chaitra 
30, 2080 BS), Government of Nepal declared Mandarin Orange as the national fruit of the 
country. It shows a strong concern of Nepal government for the promotion of mandarin orange 
in the country. 

Conclusion  
Development and promotional activities undertaken in the past has contributed a lot to attain the 
present status of mandarin orange in the country in respect to area expansion, production and 
productivity increment, market networking and the income and employment generation of the 
different value chain actors involved in mandarin orange value. One level of capacity has been 
established in the country towards institutional development, human resource development, 
research development and education sector, despite realization of policy limitation towards 
addressing the issue of citrus decline and quality control of mother stock and nursery plants 
maintained in the citrus nurseries in absence of nursery act. To date, the level of progress in 
the mandarin orange development and promotion is still not sufficient to meet the market 
demand, import substitution, limited options in the variety, seasonal availability of fresh 
mandarin orange only for few months, inadequate postharvest facilities and storage, citrus 
greening disease still a great threat, non-availability of healthy and quality saplings and very 
limited experts roster in hand are some of the notable challenges in the promotion of mandarin 
orange in the country. At present, inadequate human resource management for horticulture 
extension and technical service delivery to the mandarin orange growers at the farmer's level 
and absence of effective mechanism to maintain strong cooperation and coordination among 
three tiers of government has been taken in to account as a policy constraint to accelerate the 
growth of the citrus industry in the country. 

Suggestions
	Continued R&D support program is needed for varietal development and evaluation. 

More collaborative and action research should be conducted by NARC together with 
academic institutions and government farm/centers in the country.

	Structural arrangement for the citrus development has been downsized as compared 
to past efforts. Lead institution/organization should be established to look after citrus 
development activities in the country.

	Formulation of nursery act is an urgent need to regulate quality maintenance of the mother 
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stocks, nursery sapling production and distribution. 
	Strategy should be developed to address the issue of citrus decline in farmers field.
	Mechanism of horticulture extension should be developed for timely delivery of 

appropriate technology and quality technical service to the farmers at grass root level.
	Roaster of citrus experts should be prepared and maintained to make avail the experts' 

service in the promotion of  citrus, mandarin orange in particular.
	A National Fruit Program should be formulated and implemented in collaboration of 

federal, provincial and local government with full political commitment and direct policy 
support.

	Capacity enhancement of grassroot level frontline agriculture technicians should be done 
in a regular basis.
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Abstract 

National Citrus Research Program (NCRP), Paripatle, Dhankuta, is one of the commodity 
research programs of Nepal Agricultural Research Council (NARC), implementing research and 
development works exclusively in citrus crops. The objective of the paper is to summarize the 
present research programs and achievements of NCRP, Dhankuta. Research programs include, 
germplasm collection, evaluation and maintenance, development of technologies on nursery 
production and management, management of disease and insect pest, high density planting (HDP) 
and development of post-harvest storage technologies. Till now, about 44 different accession of 
mandarin orange has been collected and evaluated out of which three varieties namely, ‘Khoku 
Local’, ‘Banskhark Local’ and ‘Paripatle Agaute-1’ mandarin orange has been registered and 
recommended for commercial cultivation in Nepal. Use of plastic tunnel along with foliar 
application of GA3 and nitrogen has been recommended for faster growth citrus rootstock to 
attain the graftable size within one year of seed sowing. In mandarin orange, grafting with shoot-
tip method achieved 77.78% success while veneer method achieved 82.08% success rate. When 
comparing dates of grafting, 13th of January produced the highest graft  success (96.11%) and the 
lowest mortality rate (0.29%). Technologies on citrus nursery and orchard has been developed 
principally on disease and insect pest management. The management of Huanglongbing (HLB) 
is becoming most challenging as the population of citrus psylla, vector of HLB, is increasing in 
lower belt of citrus growing areas of Nepal. Therefore, NCRP, Dhankuta is giving top priority 
in production of disease free planting materials under the hi-tech poly house using disease free 
mother stocks. 

Keywords: Mandarin orange, Germplasm, Mother plant, Field gene bank
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Introduction
Citrus is the important fruit crop of Nepal occupying 27% area of the total fruit area.  It is 
cultivated in 49,306 ha area of which 32,317 ha is productive from where about 3,06,149 
mt fresh fruit is produced. The yield of citrus crop is 9.47 mt/ha. Out of 77 districts, citrus 
crops are being cultivated in 69 districts of which commercial production of the citrus is 
concentrated in about 48 districts. Out of total area of citrus, mandarin orange covers about 
27,982 ha of which 19,481 ha area is productive which produces 185,346 mt fresh fruit having 
a productivity 9.51 mt/ha (MoALD, 2023). 

Citrus industry of Nepal is encountering several biotic and abiotic problems resulting in the 
decline of orchards. Decline resulting from diseases like Huanglongbing, root rot, citrus 
canker, gummosis, powdery mildew, etc., insect pests such as citrus scale, aphids and white 
fly are considered biotic factors while drought, poor plant nutrient management are considered 
abiotic factors. To address these problems, a separate commodity program has been established 
at Paripatle, Dhankuta with the name National Citrus Research Program (NCRP).

NCRP was established under NARC in line with the idea of   conducting special research 
on crops and commodities. Before this, the program was working in various organizational 
formats. First of all, in 2018 BS, a “Citrus Research Center” was established at Paripatle, 
Dhankuta under the Department of Agriculture. In the fiscal year 2023/24, it was renamed 
as “Horticulture Research Center” with the plan of extending the research area to other 
horticultural crops. Again, with the aim of extensive implementation of its program, it was 
changed to “Dhankuta Agriculture Center”. Later, Citrus Development Program established 
at Pokhara in 2029 B.S. was transferred to Paripatle, Dhankuta in 2031 B.S. In 2048 B.S. 
the office of the Citrus Development Program was shifted to Kirtipur, Kathmandu and only 
the farm and office of the “Dhankuta Agriculture Center” were kept in Dhankuta. As per the 
decision of the Government of Nepal to conduct all the research programs related to agriculture 
from the National Agricultural Research and Service Center (NARSC), this office was also 
placed under the same service center. Later, in 2048 BS, the service center was abolished and 
the Nepal Agricultural Research Council was established. The center was renamed Agriculture 
Research Center, Dhankuta under the council and has been functioning as the "National Citrus 
Research Program" since 2057 BS (NCRP, 2023).

Mandarin orange germplasm available at NCRP 
About 44 accessions of mandarin orange have been collected and maintained at the field gene 
bank of the NCRP, Paripatle, Dhankuta to date (Table 1).
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Table 1. List of different varieties/lines of mandarin orange at NCRP, Paripatle, Dhankuta till 
March, 2024 

S.N. Accession  
No. Variety/Line Source  Remarks

Mandarin Orange

1 NCRP-01   Khoku Local Khoku, 
Dhankuta

Released, Local mid-season 
variety of Dhankuta

2 NCRP-02   
Kinnow (King 
orange × willow leaf 
mandarin orange)

Pakistan Suitable for Terai region of 
Nepal

3 NCRP-03   Frutrel Early Unknown High yielding early variety

4 NCRP-04  Unshiu JICA, Japan Early maturing Satsuma 
mandarin orange        

5 NCRP-05   Miyagawawase JICA, Japan Early maturing Satsuma 
mandarin orange        

6 NCRP-06   Okitsuwase JICA, Japan
 Early maturing Satsuma 
mandarin orange registered as     
‘Paripatle Agaute-1’

7 NCRP-08   Pongan ICIMOD Tangerine     

8 NCRP-09   Kamala Dhankuta Hybrid between mandarin 
orange and pomelo

9 NCRP-10  Banskharka local LAC, Lumle Registered mid-season variety 
for mid-hill of Gandaki province

10 NCRP-11   Sikkime Suntala Tehrathum Have high TSS and TSS/TA ratio    

11 NCRP-12   Calamondin Unknown Hybrid of Kumquat and 
mandarin orange

12 NCRP-80   Satsumawase INRA-CIRAD, 
France 

Satsuma mandarin orange
Early maturing variety

13 NCRP-81   Satsuma Mino INRA-CIRAD, 
France 

Satsuma mandarin orange
Early maturing variety

14 NCRP-82   Satsuma URSS INRA-CIRAD, 
France 

Early maturing variety
Early maturing variety

15 NCRP-88   Fortune INRA-CIRAD, 
France 

Most aromatic and sweet 
mandarin orange

16 NCRP-89   Kara INRA-CIRAD, 
France 

Very late maturing and richly 
flavored variety 

17 NCRP-90   Nova INRA-CIRAD, 
France 

Very sweet mandarin orange
50% fruit color change in mid-
October (Ashwin)
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S.N. Accession  
No. Variety/Line Source  Remarks

18 NCRP-91   Pixie INRA-CIRAD, 
France 

Late ripening and seedless 
mandarin orange

19 NCRP-92   Dancy INRA-CIRAD, 
France 

Medium sweet flavor and super 
easy to peel

20 NCRP-93   Avana INRA-CIRAD, 
France 

High quality, juicy and seedy 
mandarin orange variety

21 NCRP-94 Page INRA-CIRAD, 
France 

TSS >11%, 50% fruit color 
change in mid-October

22 NCRP-95 Satsuma Okitsu INRA-CIRAD, 
France 

Extra early ripening and cold 
resistant variety of mandarin orange

23 NCRP-97   
Clementine 
mandarin orange 
Hernandina

INRA-CIRAD, 
France 

50% fruit color change in third 
week of October  

24 NCRP-98   Clementine mandarin 
orange Oraval

INRA-CIRAD, 
France 

50% fruit color change in second 
week of October 

25 NCRP-99   Clementine mandarin 
orange Commune

INRA-CIRAD, 
France 

TSS >11.5%, 50% fruit color 
change in second week of 
October

26 NCRP-100   Clementine mandarin 
orange Marisol

INRA-CIRAD, 
France 

50% fruit color change in third 
week of October  

27 NCRP-101 Clementine mandarin 
orange Nules

INRA-CIRAD, 
France 

50% fruit color change in mid-
October 

28 NCRP-112 Gorkhali Suntala Gorkha, 
Nareswor Local, mid-season ripening

29 NCRP-114 Khoku muted 
mandarin orange

NCRP, 
Dhankuta 

Large leaved bud muted 
mandarin orange

30 NCRP-121 Daisy mandarin 
orange Australia

Mid-season mandarin 
orange with an attractive dark 
orange rind

31 NCRP-122 Avana-Aprino Australia Few seeded mandarin orange variety 

32 NCRP-123 Imperial Australia Has a tendency to produce 
higher yields on alternate years

33 NCRP-124 Murcott Kirtipur It is a tangor, or mandarin 
orange× sweet orange hybrid

34 NCRP-125 Oota Pongan Kirtipur

35 NCRP-126 Yashida Pongan Kirtipur

36 NCRP-127 Selection-79 Kirtipur
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S.N. Accession  
No. Variety/Line Source  Remarks

37 NCRP-128 Selection-04 Kirtipur

Mandarin Orange Tangor (C. reticulata × C. sinensis)

38 NCRP-102 Ellendale INRA_CIRAD, 
France Maturity is late midseason 

39 NCRP-103 Murcott INRA_CIRAD, 
France Late maturing mandarin orange

40 NCRP-72 Ortanique INRA_CIRAD, 
France 

Originated in Jamaica
Conical-shaped fruit, with a thin 
but leathery rind with adheres 
rather tightly and is tough to peel

41 NCRP-07   Murcott JICA, Japan Late maturing mandarin orange

Mandarin Orange Tangelo (Dancy tangerine ×Pomelo)

42 NCRP-73 Minneola INRA_CIRAD, 
France 

Stem-end neck, which tends to 
make the fruit appear bell-shaped

43 NCRP-74
Orlando

(Dancy tangerine 
×Duncan grapefruit)

INRA_CIRAD, 
France 

TSS 12.51%, TA 1.21%, Juice 
48.76%

44 NCRP-75 Seminole INRA_CIRAD, 
France 

Easy to peel, less seedy and juicy 
fruit

TSS 12.43%, TA 1.43%, Juice 
51.18%

Technologies developed at NCRP, Paripatle, Dhankuta

Varietal development 
Three varieties of mandarin orange have been developed by NCRP, Paripatle, Dhankuta until 
now. Among them, ‘Khoku Local’ and ‘Banskharka Local’ are the mid-season mandarin orange 
varieties cultivated predominately in the mid-hill region of Nepal and harvesting season starts 
from Mangsir through Magh while Paripatle Agaute-1 mandarin orange is an early-season 
mandarin orange and harvesting period starts from Bhadra through Ashoj. It was selected from 
the Satsuma mandarin orange (Citrus unshiu) and recommend for the areas 800 to 1400 masl 
altitude throughout the mid-hill of Nepal (NCRP, 2023). 

Enhancing trifoliate orange seedling growth 
Trifoliate orange is the most popular rootstock for propagating majority of the citrus fruit in 
Nepal. Under open field condition, plant take 2-3 years for attaining suitable size for grafting 
therefore, a study was made by Acharya and Pakka (2019) to enhance germination of seed and 
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reported 80% germination under raised bed and open side plastic tunnel condition as compared 
to 46% under closed tunnel and raised bed condition. They reported, 1st week of September 
to 1st week of October was the suitable time for seed sowing of trifoliate orange for achieving 
good germination under the condition of Paripatle, Dhankuta and similar climatic tract. Under 
plastic tunnel, graftable size could be achieved within a year of seed sowing (Shrestha et al, 
2013). Chalise et al. (2012) reported that use of gibberellins (GA3) and nitrogen at the rate 120 
ppm and 400 kg nitrogen/ha enhanced the trifoliate rootstock seedling growth. 

Evaluating success of grafting 
Saplings are produced with splice grafting techniques onto different rootstock of one to two 
years old seedlings. Winter season grafting is done mostly in December to January months. 
Chalise (2010) recorded 77.78% and 82.08% graft success with shoot-tip (splice) and veneer 
method of grafting. While comparing different dates, he observed the highest graft take success 
(96.11%) and the lowest mortality rate (0.29%) on 13th January grafting at Paripatle, Dhankuta. 
Mother stock grown inside the screen house is the source of scion for grafting. About 8-10 
months old scions are used in grafting. Rootstock grown under the plastic tunnel are mostly 
used in grafting as open conditions does not support the optimum growth of the rootstock 
seedling. Most of the grafting is done with the bench method at 15-25 cm height on rootstock. 
In another study Chalise et al. (2013) reported 16 cm grafting height was the optimum grafting 
height for graft success (99.37%) and sapling growth of acid acid lime grafted on to trifoliate 
orange seedling rootstock at Paripatle, Dhankuta. 

After grafting, grafts are planted in the bed prepared 15 days before grafting supplied with 
well-rotten FYM or compost at the rate of 5 kg/m2 plot. Immediately after planting beds are 
covered with a Jute sheet and irrigated thoroughly followed by covering of the bed with a 
transparent plastic sheet above the jute sheet. Jute sheets hold moisture and plastic sheets 
stop escaping moisture from inside of the tunnel. This helps rising temperature and humidity 
inside the bed creating the optimum condition for a union of the graft. In the initial days of 
the transplanting of grafts inside the bed, is daily irrigated, and after one-week irrigated on 
alternate days and decreased in subsequent days. About 45 days are required for the healing 
of the union. When the temperature rises in Falgun-Chaitra, removal of plastic sheets is done 
sub-sequentially to avoid the wilting of a sapling. A jute sheet is allowed up to Jestha to save 
the sapling from damage of hailstorms (Chalise et al., 2013). 

Considering the availability of short duration of grafting time of winter-season, an experiment 
was conducted to propagate citrus fruits inside the screen house onto the trifoliate rootstock 
grown in polybag with different methods of grafting in rainy season (July). The result showed 
that there was 90% success in acid acid lime (Sunkagati-2) with veneer method, 80% success 
in Avana mandarin orange with veneer method and 35% success in Khoku mandarin orange 
with T-budding when grafted on 17th of July (NCRP, 2022). This have proved that farmers can 
propagate citrus in rainy season also but structure should be protected as this is the peak rainy 
season of the year. Mother stocks are grown under screen houses to get the healthy scion for 
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grafting. Recommended cultural practices are followed for optimum growth of the mother 
stock. Regular plant protection measures, irrigation and plant nutrient management activities 
are followed inside the screen house. PCR for detecting the Huanglongbing disease is done 
once a year based on the symptoms of the malady (NCRP, 2023). 

Managing Huanglongbing 
Huanglongbing (HLB) or citrus greening is the most devastating disease of citrus of the world 
(Bove, 2006) and is a vector-borne disease transmitted by Asian Citrus psyllid (ACP). It is 
becoming a threat to the citrus industry of Nepal as well. Many research reports indicated 
that HLB incidence could be minimized with the intercropping of citrus with guava. Bettie et 
al. (2006) and Gottwald et al. (2010) reported that infestations of ACP and the consequence 
incidence of HLB are greatly reduced in citrus when interplanted with guava. They further 
reported that guava volatiles or phytotoxins might be responsible for reducing infestations of 
the ACP in citrus. Putative guava volatiles may interfere with the ACP’s ability to locate and 
infest citrus grown next to guava or might repel ACP away from citrus. Putative guava toxins 
might negatively affect the biology of the ACP interfering with their reproduction in citrus. 
In another study, Hall et al. (2008) reported the effect of guava on adult ACP and found adult 
ACP released into cages containing only citrus generally moved faster to citrus than when 
either guava or cotton was present. Similarly, they also reported that a greater number of adults 
were consistently observed on citrus over time in cages with only citrus as compared to in 
cages with citrus in the presence of guava or cotton. 

NCRP has been doing research from past 3 years to control the spreading of the disease in new 
and healthy orchard by intercropping guava in mandarin orange orchards. Study was carried 
out in Ilam district, Godak area since FY 2073/74 to prevent the transmission of disease from 
infected orchard to newly established healthy mandarin orange orchard. In the 5th year of 
mandarin orange plantation, no any citrus ACP vector was recorded from the research plot. 
Similarly, there was no any incidence of citrus greening disease too. NCRP will continue this 
research for another few years because normally greening disease appears after 2-3 years of 
establishment of orchard (NCRP, 2023). 

Plant protection measures 

Huanglongbing
Huanglongbing is a bacterial disease and was first reported in South China in 1943 and found 
severe losses in the major citrus producing regions, threatening the sustainability of the whole 
citrus zone (Bove, 2006). In Nepal it is reported from several citrus production areas. The current 
control practices include the use of healthy sapling, inspection and systematic eradication of 
infected plants from the plantations, monitoring, and control of ACP with chemical and cultural 
methods, especially intercropping citrus orchards with white-fleshed guava, use of disinfected 
tools during intercultural operations in the orchards. Use of chemicals like Zinkicide has been 
practiced but results are not satisfactory till now (NCRP, 2023). 
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Citrus canker 
Citrus canker is also a bacterial disease caused by Xanthomonas campestirs p.var Citri and is 
generally found in the acid acid lime plantations of Terai and the mid-hills of Nepal. Under the 
neglected conditions, it is also one of the major cause of decline of the orchard. Infection is 
abundant in the spring to summer rainy season as compared to winter. The present management 
practice includes the use of healthy scion, production of canker-free saplings in the nursery, 
use of Bordeaux mixture and antibiotics regularly in the orchard, pruning off infected branches 
and disposing of them. Being the medium of dissemination, the control measures of leaf miner 
is being conducted at NCRP, Dhankuta (NCRP, 2023).  

Citrus tristeza virus 
Citrus tristeza virus (CTV) is caused by the virus and major occurrences are found in acid 
acid lime and lemon plantations. Brown citrus aphids are the vector of the disease contributes 
in the spreading of the disease to healthy plants. Therefore, biosecurity majors include the 
use of healthy planting materials, the use of disinfected tools during the pruning and other 
intercultural operations in the orchard, the control of citrus aphids with systemic insecticide 
as well as using ladybird beetle as a predator in organic production practices. There has been 
no chemical control of CTV till now, thus use of healthy saplings and careful handling of 
agricultural tools during intercultural operations are the prime things to be considered for 
managing CTV (NCRP, 2023).

Phytophthora disease
Phytophthora root rot, collar rot, crown rot, or brown rot are the major diseases of the citrus 
orchard and are one of the major causes of the citrus orchard decline. It is soil-borne fungal disease 
and transmitted through planting material with soil, agricultural tools, and equipment, animal’s 
movement from a diseased orchard to a healthy orchard, agricultural machinery tools, etc.  The 
present practices to manage phytophthora disease in citrus orchards include the use of healthy 
planting materials and growing media, disinfection of agricultural tools and machinery equipment 
and tools, use of phytophthora disease tolerent rootstocks line trifoliate orange and its relatives, 
treatment of the infected orchard trees with Bordeaux mixture, especially drenching on root zone. 
The use of bio-control agents like Pseudomonas are also found effective in organic citriculture. To 
reduce the risk of spread of the disease, precaution should be followed before the entry of human 
as well as animals to the healthy orchard from infected ones (NCRP, 2023).  

Citrus mite
Citrus mites are becoming a major threat to the citrus industry of Nepal in recent years. Mites are 
associated with the discoloration of fruit resulting in poor market value of fruit. Among citrus 
mites, Phyllocoptruta oleivora (Ashmead) produces a multitude of brown-reddish black spots 
on the fruit surface. Nymphs and adults of the mite congregate around the gland cells and suck 
sap there resulting in bronzing of the rind and also hardening which reduces its marketability 
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(Singh et. al., 2013). Fruits of upper branches are more preferred than those on lower branches. 
Singh et. al., (2016a) reported that Brevipalpus sp. of mite causes damage to citrus fruits and 
is associated with rind disorder. It is reported that water stress often aggravates the problem 
of mites. Citrus leaf mite prefers citron, acid lime, and sweet orange more. Biocontrol agents 
like B. suturalis, H. variegata, A. cardoni, S. nubilus, P. flexibilis, Stethorus aptus Kapur, 
predatory bug, Geocoris sp., green lacewing, Chyrsoperla spp. and predatory mites have been 
recorded. The most important natural enemies of citrus mites are predacious mites, Euseius 
hibisci (Chant), Agistemus sp., Amblyseius hibisci (Chant) and A. cucumeris (Oudemans). 
Conserve coccinellid beetles viz., Scymnus gracilis Savioskaya, Stethorus pauperculus Weise 
and predatory thrips viz., Scolothrips sp. (Singh, 2017a). Chemical control of mite include 
the use of ethion 50 EC @ 2 ml or fenazaquin 10EC @ 1.5 ml or Rogar 30 EC @ 1.34 ml or 
buprofezin 25 EC @ 1 ml or triazophos 40 EC @ 1 ml of water.  Two sprays of propargite 
57 EC @ 0.057 percent or wettable sulfur 85 DP @ 2-3 g or dicofol 18.5 EC @ 1.5-2 ml or 
oxydemeton methyl 30 EC @ 1.5 ml/l of water or fenpyroximat 5 AS @ 1 ml/l or abamectin 
1.8 EC @ 0.5 ml/l or spiromecifen @ 0.75 ml/l or neem oil @ 5 percent or petroleum spray 
oil (2 cent percent) are effective. The first spray is recommended at the initiation of pest 
infestation and the second spray 15 days thereafter (AICRP, 2017). Spraying with the above 
pesticides at the button stage/marble stage and lemon-sized fruiting stages as prophylactic 
treatment is recommended. The spraying of chemicals after the appearance of symptoms is of 
no use. 

Citrus scale insect
Citrus scale insects are sucking types of insects and cause damage to every part of the tree. 
Under high population conditions of the scale, severe leaf fall is seen in the orchard. Scale 
insects affect trees mainly by sucking sap from the above ground part of a tree, injecting toxic 
saliva into the tree, make avenues to develop sooty mold on the surface of stem, branches and 
leaf affecting the photosynthetic activities of leaves. Severe damaged and neglected orchard 
starts declining. The management strategies include a healthy production system of saplings, 
monitoring of the scale in orchard tree and use of petroleum products or mineral oil to the 
plant @ 10-12 ml/liter of water. Combined application of systemic insecticides like Rogor 
@ 1.5-2 ml/lit water with mineral oil is more effective than sole application of mineral oil or 
insecticide for controlling scale. The appropriate time of application of the chemical pesticide 
and oil is before the appearance of flush, especially in January-February and May-June. During 
spraying, thorough application of insecticide and mineral oil to the above-ground part of the 
tree is recommended (NCRP, 2023).  

Leaf miner 
Leaf miner problem is severe in the nursery as compared to the orchard. The damage caused 
by leaf miner is in the photosynthetic activity of leaf therefore they affect the growth of the 
nursery plant. The spray timings of insecticide against them are most important in managing 
leaf miner because before entering in leaf tissue, it is highly susceptible to the toxic effect 
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of pesticides. Foliar application of neem oil @ 1-5 ml or imidacloprid 17.8 SL @ 0.5 ml or 
phoslone 35 EC @ 1.5 ml or fenvalerate 20 EC @ 1.0 ml or spinosad 45 SC @ 0.34 ml or 
novaluron 10 EC @ 0.7-0.87 ml or cypermethrin 10 EC @2 ml or thiamethoxam 25 WG @ 
0.32 g or triazophos 40 EC @ 2.5 ml or chlorpyriphos 20 EC @ 3.75 m1 per liter of water 
or petroleum spray oil @ 1.5 per cent or thiodicarb @ 0.75 per cent or fish oil rosin soap @5 
g per liter water in flushing season by directing at the new flush checks the pest. The same 
chemicals should not be sprayed repeatedly as it enhance the development of resistance (Singh 
et al., 2016a, Singh et al., 2016b).

Citrus fruit fly
About ten types of fruit fly species have been reported from Nepal (Sharma et al., 2015), 
among them, the Chinese citrus fly (Bactrocera  minax Enderlein) is a major problem of 
the citrus industry of Nepal, China and Bhutan (Bhandari et al., 2017). Chinese citrus fly is 
an oligophagous pest feeding exclusively citrus fruit (Xia et al., 2018) and prefers tight to 
loose skin fruit of citrus (Drew et al., 2007, Dorji et al., 2006). The control measures include 
area-wide control program including the use of protein bait for controlling female flies, safe 
disposal of the infested fruit for controlling pupation of the maggot and clean cultivation of the 
citrus orchard to prevent adult oviposition. According to Adhikari et al. (2021), protein bait is 
generally applied from May to July. Commercial protein bait, Great fruit fly bait, manufactured 
in Ecoman Biotech, China of composition of 25% protein hydrolysate plus 0.1% Abamectin 
was a prime source of protein bait. Ready to spray solution of the commercial protein bait is 
prepared using one part of the bait material with 2 parts of water and mixed thoroughly before 
applying with sprayer to the tree (Adhikari and Joshi, 2020).

Constraints 
	Lack of qualified human resources is the main problem in conducting research activities 

smoothly. At present, most of the laboratories are at non-operating stage due to shortage 
of human resources. 

	Prevalence of the citrus psylla in huge population is becoming a challenge in management 
of the Huanglongbing disease of citrus. Citrus psylla is becoming one of the greater threat 
to the citrus industry of Nepal. 

	Lack of international organizations in citrus sector like AVRDC for vegetable, ICARDA 
for dry land agriculture, CIMMYT for wheat and maize, is becoming a constraints in 
introduction of the promising citrus varieties in Nepal.  

Way forward 
	Varietal introduction: Promising citrus varieties resistant to problematic diseases should 

be introduced, evaluated and recommended for cultivation to the citrus farmers.

	Improvement in sapling production system: The present production system is very costly and 
time consuming, therefore efficient method of grafting should be identified and recommended.
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	Development of orchard management technologies through organic method: The use of 
chemical pesticides have negative effect on environment and human health, so organic 
technologies should identified and recommended to farmers. 

	Study of suitability of different rootstock to different species of citrus crop: At present, use 
of trifoliate orange for grafting may not be suitable for terai region, therefore alternative 
rootstock should be identified and recommended for grafting. 

	Regular disease diagnosis and suggestion to the farmers on its management

	Monitoring of recently emerged problems and their solutions: Regular monitoring of 
HLB, CTV, Chinese citrus fly, Asian Citrus Psylla, fruit sucking moth  should be done to 
protect orchard from havoc. 

Conclusion
National Citrus Research Program, Paripatle, Dhankuta, Nepal is performing collection, 
maintenance, evaluation and registration of citrus species including mandarin orange at the 
station. Out of 44 germplasm of mandarin orange, three varieties have been registered and 
recommended for commercial cultivation in Nepal. Moreover, technologies regarding sapling 
production and nursery management, management of important insect pest and diseases of 
citrus species have been developed and recommended for commercial production in Nepal. 
Still varietal development and advanced technologies  have to be developed. 
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;/sf/L b//]6df u'0f:t/Lo kmnkm"nsf la?jf tyf t/sf/L aLp ;'ne tl/sfaf6 pknAw u/fO{ ;]jf k'¥ofpFb} cfPsf] 
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 � g]kfnsf] kmnkm"n If]qnfO{ k|lt:kwL{ agfpFb} ljBdfg kl/j]zdf klxrfg :yflkt u/fpg] .
 � k|b]z / :yfgLo txdf kmnkm"n ljsf;sf nflu ;xsfo{ / ;dGjo ug]{ .
 � s]G›sf sfo{If]qleq /x]sf g;{/Lx?nfO{ u'0f:t/Lo / ljlzi6s[t ;|f]t s]G›sf] ?kdf ljsf; ug{'sf ;fy} If]qkmn 

lj:tf/ ug{ ;xof]u ug]{ .
 � afujfgL ;DaGwL k|lzIf0fsf nflu k|lzIfs pknAw u/fpg] .
 � k|fljlws ;]jf :ynut nIo cg';f/ / s]G›af6 dfu eP adf]lhd k|bfg ul/g]] .

bL3{sflng p2]Zo

 � ;'Gtnfhft kmnkm"nsf] pTkfbg / pTkfbsTj j[l4 u/L s[ifssf] cfo:t/ a9fpg] . 
 � afujfgL ljsf;sf] dfWodaf6 e"–Ifo x'g af6 arfO{ jftfj/0f ;+/If0fdf ;xof]u k'¥ofpg] .  
 � afujfgLdf cfwfl/t ;fgf, demf}nf tyf 7"nf pBf]ux? :yfkgf u/fpg ;xof]u k'¥ofO{ /f]huf/Lsf] cj;/df j[l4 

u/fpg] .  
 � kmfd{÷s]G›x?df ;kmn ePsf tyf Jofj;flos ?kdf ;kmnl;4 kmnkm"nsf hftx? qmdzM /lhi6«]zgsf] nflu 

;dGjo ug]{ .
 � hd{Knfhd ;+sng Pj+ ;Dj4{g ub}{ hfg] .

sfo{ lj:t[tLs/0f

s]lG›o:t/sf] sfof{no ePsf] x'+bf pknAw hgzlQm, cfjZostf / ah]6 pknJwtf cg';f/ ;'Gtnfhft kmnkm"n 
pTkfbg x'g] b]z} e/sf If]qx? sfo{If]q leq kb{5g\ . o; s]G›af6 jif]{gL kmnkm"n tkm{ ;'Gtnfhft -;'Gtnf, h'gf/, 
sfutLsf ljleGg hft_, ljleGg km"nsf la?jfx? dfu cg';f/ laqmL ljt/0f ub}{ cfO/x]sf] 5 . 

o; s]G›df pRr kxf8b]lv t/fO{df x'g] kmnkm"nx? w]/} dfqfdf kmNb} cfO/x]sf] b]Vg kfOG5, h:t} cfFk, lnrL, s6x/, 
:ofp, gf:kftL, cf?, cf]v/, cf?av8f, ;'Gtnf, sfutL, h'gf/, s]/f, ef]u6], skmL cflb /x]sf 5g\ . 

s]G›n] k|ljlw ljsf; tkm{ klg sfo{x? ub}{ cfO/x]sf] 5 . s]G›n] bIf hgzlQm ljsf;df 6]jf k'Ug] p2]Zon] jflif{s ?kdf 
s[ifs:t/ tyf :yflgo txdf sfo{/t k|fljlwsx?sf] nflu tflndx? ;d]t ;~rfng ub}{ cfO/x]sf] 5 . h;af6 bIf 
hgzlQm pTkfbg x'gdf 6]jf k'Ug] cfzf lnOPsf] 5 .

s]Gb|af6 ;+rflnt ultlalwx? 

 � ;'Gtnf, sfutL, h'gf/ nufot cGo ;'Gtnfhft kmnkm"nx?sf :j:y Pj+ u'0f:t/Lo la?jf pTkfbg tyf laqmL 
ljt/0f .

 � s]G›sf] :yfkgf sfnb]lv g} s[ifsx?nfO{ u'0f:t/Lo kmnkm"nsf la?jf tyf t/sf/L aLp pknAw u/fp+b} cfPsf] . 
 � cf=j= @)&$÷&% b]lv of] s]G› k"0f{tM ;'Gtnfhft kmnkm"nsf] ;Gbe{df /fli6«o :t/sf] s]G›sf] ?kdf :yflkt 

eO{ k|ljlw ljsf; Pj+ lj:tf/, u'0f:t/Lo la?jf pTkfbg tyf ljt/0f, s[ifs tyf g;{/L wgLx?sf] nflu tflnd 
;~rfng, ;'Gtnfhft kmnkm"nx?sf hftLo ;+/If0f, ;Dj4{g, k|fljlws ;]jf 6]jf k|bfg ug]{ cflb o;sf d'Vo 
ultljlwx? /x]sf 5g\ .

 � ;'Gtnfhft kmnkm"nx?sf] hd{KnfHd ;+sng tyf ;Dj4{g ug]{ p2]Zon] Field Gene Bank :yfkgf .
 � s]G› kl/;/leq ;'Gtnfhft kmnkm"n afx]s lnrL, cfFk, s6x/, gf:kftL, xn'jfj]b cflb kmnkm"nx?sf] ;+/If0f 

Pj+ ;Dj4{g .
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 � ljleGg lsl;dsf kmnkm"ndf 
cfwfl/t gd"gf 3/af/L au}+rf, 
;'Gtnfhft kmnkm"nx?sf] hftLo 
k/LIf0f .

 � tGt' k|hgg k|of]uzfnf :yfkgf 
e} ?6:6s pTkfbg sfo{ yfngL 
ul/Psf] .

 � ;'Gtnf, h'gf/ / sfutLsf dfpaf]6 
Ans :yfkgf u/L ltgLx?sf] 
Joj:yfkg sfo{ e}/x]sf] .

:yflgo k|fs[lts tyf ;+/lIft cfg'jf+lzs hftx?

kmd{ leq nufO{Psf kmnkm"n af]6 la?jfx?sf] lsl;d / hftx?

tflnsf @= s]Gbleq nufOPsf kmnkm"n af]6 la?jfx?sf] lsl;d / hftx?

l;=g+= kmnk"mn hft
nufO{Psf] jif{  

-lj= ;+=_

;+Vof hDdf af]6 
;+Vofkmn]sf] gkmn]sf]

!=
;'Gtnf

pG;' -;T;'df Dof08fl/g, 
cf]lsT;'jf;], ldofufjf;]_

2047, 2062, 2064, 
2071, 2080

32 6 38 

lsGgf] 2057 6 4 10

vf]s' 2062, 2068 10 9 19

gfuk'/ 2064 1 4 5

:yflgo 2061, 2064, 2071 32 23 55

d/s6 2072 4 – 4

of]l;bf kf]ªsfg, cf]tf 
kf]ªsg 2072 4 – 4 

kf]G;L/; kf]dfO/f] @)&& ! !

sfnfdlG›g ;'Gtnf @)&* ! ! @

sdnf ;'Gtnf @)&* @ @

lrlt nDh'Ë @)&* ! !

d]l/;f]n ;'Gtnf @)*) @ @

l;lSsd] ;'Gtnf @)&* ! !

af;vs{ ;'Gtnf @)*) @ @

:ofËhf :yflgo @)*) @ @

hDdf () %* !$*

lrq != ;'Gtnf la?jf ljt/0f ;+Vof -sndL tyf aLh'_
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l;=g+= ljj/0f hft
nufO{Psf] jif{  

-lj= ;+=_

;+Vof hDdf af]6 
;+Vofkmn]sf] gkmn]sf]

2= h'gf/

jflzË6g g]en 2061, 2064 14 2 16

Eofn]lG;of n]6 2061, 2064 9 – 9

:yflgo 2051, 2064, 2068 44 21 65

kfOgPKkn 2061 8 – 8

dfN6f An8/]8 @)&* ! !

6}+uf]/ @)&* ! !

hDdf &% @% !))

3= sfutL

:yflgo 2051, 2064, 2069, 
2071

14 88 102

o"/]sf 2057, 2064 6 – 6

;'gsfutL–! 

2078 – % %

@)&( – !) !)

@)*) – !^ !^

;'gsfutL–@ 

2078 – $ $

@)&( – !@ !@

@)*) – #@ #@

t]x|y'd :yflgo @)&* $ $

hDdf @) !&! !(!

4. ef]u6] :yflgo ;+sng 2044, 2061 8 – 8

5. lald/f] :yflgo ;+sng 2 ! 3

6. u|]k k|m'6 2057 2 – 2

7. cGo 2062, 2064 9 3 12

8. d'Gtnf nfDrf] gfudL 2055 1 6 7

9.
ltgkft] 
;'Gtnf 2067 86 14 100

10. cDaf

l;8n]; 2029 7 – 7

OnfxfafbL 2026 50 – 50

/]8kmN; 2026 20 – 20

hDdf && - &&

11. gf:kftL

kmlk{Ë 2051 6 - 6

jf6{n]6 2051 10 - 10

xf];'O{÷sf];'O{ 2060 - 8 8

hDdf !^ 8 24
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l;=g+= ljj/0f hft
nufO{Psf] jif{  

-lj= ;+=_

;+Vof hDdf af]6 
;+Vofkmn]sf] gkmn]sf]

12. cfFk

bzx/L 2032 50 10 60

aDa} u|Lg 2032 25 5 30

cfd|kfnL 2059 2 - 2

dfNbx 2032 40 5 45

kmhnL 2032 6 - 6

nf]sn 2032 10 5 15

hDdf !## 25 158

13. lnrL

d'hˆkm/k'/ 2042 23 15 38

zfxL 2041 10 - 10

l;8n]; 2045 ! - 1

hDdf #$ 15 49

14. s6x/ :yfgLo 2030 8 - 8

15. cgf/ a]bfgf 2062, 2071 3 5 8

16. cf?av8f
d}ynL 2027, 2045 3 - 3

u|Lgu]h 2045 2 - 2

hDdf % - 5

17. cf]v/ lyg;]n 2027 8 - 8

18.
d]sf8]ldof 
g6

2030 5 - 5

19. xn'jfj]b
nf]sn 2045 8 - 8

lh/f] 2065 0 3 3

hDdf * 3 11

20. skmL

c/flasf 2060 58 - 58

PNnf] s6'/f 2060 7 - 7

nfO{a]l/sf 2060 - 5 5

hDdf ^% 5 70

21. nx/] cfFk 2076 3 3

22. lsjL 2076 3 3

23. 8«fug k|m'6 2076 12 12

24. lkmh'jf 2076 5 5
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hd{KnfHd la?jfx?sf] ljj/0f

s_  ;'GtnfM lsGgf] ;'Gtnf, sfnfdG›Lg ;'Gtnf, sf/f ;'Gtnf, vf]s' ;'Gtnf, sdnf ;'Gtnf, pG;' -cf]lsT;'jf;]_, 
d]l/;f]n ;'Gtnf, l;lSsd] ;'Gtnf, kf]lG;/; ;'Gtnf, gfuk'/ ;Gt/f, gf]ef ;'Gtnf, cf]tfkf]Íg ;'Gtnf, afF;vs{ 
;'Gtnf, :yflgo ;'Gtnf, wgs'6f :yflgo, :ofËhf :yflgo, lrlt nDdh'Ë :yflgo

v_  h'gf/M jflz+6g g]en, dfN6f An8 /]8, 6]+uf]/, Eofn]lG;of n]6, kfOgfkn, :yflgo

u_  cldnf]M lga'jf, lald/f], a›L cldnf], o"/]sf n]dg, sgf{v§f, ef]u6] uf]vf{nL

3_  d'GtnfM uf]nf], nfDrf]

ª_  ?6:6sM /+uk'/ nfOd, tLgkft] ;'Gtnf, l;6«]Gh, gfO6] Hofld/, sf7] Hofld/

r_  k]kLgf] d]ng

aLp la?jf tyf la?jfhGo pTkfbg tyf dfpaf]6x?sf] ;+/If0f

a8–p8 k|dfl0fs/0f k|ljlwaf6 la?jf pTkfbgsf] nflu cfjZos kg]{ ;fog, ?6:6s pTkfbg / sndL ug{sf] nflu $ 
j6f hfnL 3/ /x]sf] 5 . kmfd{leq ljleGg ;'Gtnfhftsf la?jfx? ;+/If0f ul/Psf] 5 .

gljg tyf cg's/0fLo sfo{x?

tGt' k|hgg k|ljlwaf6 ?6:6s la?jf pTkfbgsf] z'?jft, l;6«; lu|lgË /f]u klxrfgsf] nflu kmd{ leq lk=l;=cf/= 
k/LIf0f z'? ePsf] .

la?jf :j:ytfsf k|of;x?

;fogsf] nflu :j:y / lg/f]uL af]6af6 ;fogx? ;+sng, k|of]u x'g] cf}hf/÷pks/0fx? lgd{nLs/0f u/L k|of]u ug]{ 
ul/Psf], aLh' la?jf pTkfbgsf] :j:y / lg/f]uL af]6 af6 kmn 5gf}6 u/L aLp lgsfNg] tyf aLp pkrf/ u/L la?jf 
hdfpg] sfo{ e}/x]sf] .

afnL ;+/If0fsf ljlwx?
 � au}rfsf] ;/;kmfO{ / plrt vghf]t tyf afnLsf cjz]if gi6 ug]{
 � oflGqs t/Lsf– kf;f] yfKg] 
 � h}ljs t/Lsf– 6«fOsf]8«dfsf] k|of]u
 � cfsif{0fo'St /f;folgs kbfy{sf] k|of]u–k|f]l6g a]6
 � /f;folgs laiffbLsf] k|of]u  

;d:of tyf r'gf}tLx?
 � l;rfO{sf] ;d:ofM kmfd{leq l;rfO{sf nflu :jR5 kfgLsf] cefj
 � afFb/sf] k|sf]k
 � k|of]uzfnf ;~rfngsf nflu :yfoL hgzlQm gePsf]
 � sndL la?jfx?sf] a9bf] dfu
 � /f]u÷sL/fx?sf] ;d:ofM d'Vo /f]ux? Sof+s/, v/fg] /f]u, 8ofDkLË ckm tyf sL/fx? lnkm dfOg/, nfxL ls/f, 

sTn] sL/f, ldnLau, kt]/f], uaf/f]
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 � kof{Kt dfqfdf hfnL 3/sf] cefj
 � kmfd{sf] pko'Qm hUuf gePsf]

cfufdL of]hgf tyf /0fgLlt
 � kmfd{sf] pTkfbsTj j[l4 ug{ pknAw l;ldt >f]t ;fwgsf] pRrtd k|of]u  
 � kmfd{af6 pTkfbg x'g] la?jfx?nfO{ a8–p8 ;l6{lkms]zg ljlw dfkm{t la?jf pTkfbg ug]{
 � aLh' la?jfsf] pTkfbg sd ub{} n}hfg]
 � ;'Gtnfhft kmnkm"nsf] hftLo ;+/If0f Pj+ ;Dj4{g ug]{ 
 � sfo{d'vL cWoog k/LIf0f -Action Oriented Research_ ;~rfng ug]{ 
 � k|ljlw x:tfGt/0f ;DaGwL tflnd ;~rfng ug]{ 
 � ;'Gtnfhft kmnkm"n ljsf;sf] nflu ;/f]sf/jfnfsf] ;dGjodf afXo ;]jfsf ultljlwx? ;~rfng ug]{ 
 � ;'Gtnfhft kmnkm"n ljsf; ;DaGwL /fli6«o gLlt tyf of]hgf th{'df ug{ s]G›nfO{ k[i7kf]if0f ub}{ hfg] 
 � s]G›n] l;+rfO{sf] nflu ;f]em} k|of]u ug]{ u/]sf] 9nsf] kfgLnfO{ ljleGg kf]v/Ldf Sedimentation u/L z'4Ls/0f 

u/]/ k|of]u ug]{ bL3{sflng ;f]r /x]sf]

;Gbe{ ;fdu|L
 � jflif{s k|ult k|ltj]bg k'l:tsf . @)*) . ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkf .
 � jflif{s k|ult k|ltj]bg k'l:tsf . @)&( . /fli6«o kmnkm"n ljsf; s]G›, sLlt{k'/, sf7df08f} .
 � jflif{s k|ult k|ltj]bg k'l:tsf . @)&( . ;'Gtfnfhft kmnkm"n ljsf; s]G›, kfNkf .
 � jflif{s k|ult k|ltj]bg k'l:tsf . @)&* . ;'Gtfnfhft kmnkm"n ljsf; s]G›, kfNkf .
 � ;fx, /fdabn . @)%) . ;'Gtnfhft kmnkm"n k|lzIfs Dofg'on . s[lif ljefu, s]=s[=tf=s]=÷h=lj=s[=cf=, 

xl/x/ejg, nlntk'/ .
 � yfkf, af]d axfb'/ . @)&& . ;'Gtnfhft kmnkm"n v]tL . ;'Gtnfhft kmnkm"n ljsf; s]G›, kfNkf .
 � ;'j]bL, km"n k|;fb, gf/fo0f vgfn, dx]z h}zL . @)^) . PsLs[t ;'Gtnf afnL Joj:yfkg . s[lif tyf kz' lj1fg 

cWoog ;+:yfg, cg';Gwfg lgb]{zgfno, kxf8L s[lif cg';Gwfg ;d"x, lrtjg .
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Introduction
Among different sectors of agriculture, horticulture sector has always been a prioritized sector 
of the government. Establishment of horticultural development farms/research stations at 
different agro-ecological zones was the turning point for horticulture sector in the country. 
During 1960-73 AD, 14 horticulture farm/stations were established throughout the country. 
The main objective of these farms/station were to introduce exotic species and varieties of 
different fruit crops and establish progeny-cum-demonstration orchards, multiply fruit saplings 
for distribution to the farmers, conduct trials and studies, and provide training and technical 
services to the farmers (Shrestha and Verma, 1998). 

Status of Mandarin Orange at Warm Temperate  
Horticulture Centre, Kirtipur

Tara Sharma*, Shova Sharma, Padam Prasad Adhikari and Srijana Bhandari

Warm Temperate Horticulture Centre, Kirtipur, Kathmandu, Nepal
*Corresponding Author : sharmatara236@gmail.com

Abstract 

Horticulture sector has received prime importance since the starting of agricultural development in 
Nepal. The Warm Temperate Horticulture Center (WTHC) is one of the government farms directly 
involved in production and distribution of mandarin orange saplings all over the country since 
its establishment. Management of mother block for scion and rootstock production, distribution 
of trifoliate orange seeds to the nurseries involved in citrus sapling production, technology 
dissemination by means of trainings, publications and technical advices, laboratory facilities 
for PCR and ELISA tests are the mandarin orange related major activities being conducted by 
this farm. Due to its prime location in the country, it has facilitated in providing its services to 
large number of farmer and acts as technology dissemination and learning center. With increasing 
market demand for mandarin orange, growers are in search of different varieties in order to extend 
the harvesting period. Early and late maturing different varieties of mandarin orange are being 
maintained by the farm inside the screen houses. Therefore, in coming days, WTHC needs to 
focus its activities to develop and disseminate these varieties of mandarin orange.

Keywords: Government farm, Mandarin orange, Learning center, Dissemination, Varieties



478
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

With the realization of need of overall development of horticulture sector, Kathmandu 
Anusandhan Bagaicha was established in 1961 AD by then His Majesty of Government 
of Nepal in joint collaboration with Government of India. One year later, it was named as 
Horticulture Research Center, Kirtipur. It was reconstructed, renamed and assigned with 
different responsibility with time and again. Since 2018 AD, with the implementation of 
federalism in Nepal, it has been named as Warm Temperate Horticulture Center (WTHC) and 
working as a national resource center for warm temperate and citrus fruits in the country under 
National Centre for Fruit Development (NCFD) and Department of Agriculture (DoA). The 
major objectives of this center are as below:

	Production and distribution of quality planting materials of warm temperate and citrus 
fruits.

	Technical service to the nurserymen and orchard grower.
	Collection, conservation and maintenance of fruit germplasms.
	Technology dissemination by means of training and publications.
	Monitoring and supervision of nurseries for the production of quality planting materials.

In Nepal, different species of citrus i.e. mandarin orange, acid acid lime, sweet orange, lemon, 
pummel etc. are being cultivated in wide geographical area from 100m of terai to 1500m 
of mid hill area (Tomiyasu et al., 1997). Among them, mandarin orange ranks first in terms 
of area and production. The Horticulture Development Project (HDP), implemented with 
financial and technical assistance from JICA/Japan government during 1985AD-1997AD, 
had considered mandarin orange as one of the prioritized fruits and conducted many research 
activities on it. Major achievements of HDP on mandarin orange are highlighted below 
(Horticulture Development project-phase II, 1997): 

	Different varieties of mandarin orange were introduced and performance trials were 
conducted at different agro-climatic conditions. Varieties with superior qualities were 
selected for further distribution to farmers.

	Studies were conducted to know the effects of altitude on fruit quality, effects of leaf 
numbers on bearing habit, effects of storage conditions on fruit quality, the optimum stage 
of maturity for harvesting etc.

	Samples of local Suntala collected from different parts of country were analyzed for fruit 
quality and plants with better quality fruits were selected as mother plants.

	Recommended USDA, trifoliate orange and Kali Jyamir as best rootstock for mandarin 
orange but the Kali Jyamir being susceptible to phytophthora only the trifoliate orange 
came into practice and still continued.

	Establishment and functioning of soil lab, pomology lab, pathology lab, entomology lab 
and tissue culture lab. 
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Ongoing activities of WTHC on mandarin orange

Production and distribution of quality planting materials of mandarin orange
The planting materials of mandarin orange 
used were mostly raised by seeds and grown 
in open field. Now a days, the demand for 
grafted saplings is increasing and WTHC 
has prioritized the mandarin orange saplings 
production by grafting with the use of trifoliate 
orange as rootstock and scion with desired 
varietal quality. The saplings are raised inside 
the screen house and distributed to the farmers 
during rainy season. Figure 1 shows the saplings 
distribution record of mandarin orange during the last five fiscal year. Following are the major 
practices followed by WTHC for the production of mandarin orange saplings at the center:

	Trifoliate seedlings are produced in primary nursery and later transplanted to poly bags.
	One year old trifoliate orange seedlings are used as rootstock.
	Scions are taken from mother plants fruited at least for two years grown inside the screen house
	Mother plants are tested with PCR for citrus greening every year. 
	Saplings are raised in poly bag inside the screen house.

Production and distribution of trifoliate orange seeds
HDP has selected trifoliate orange as the best rootstock for Citrus in Nepal. Since then it is widely 
being used for the production of grafted saplings 
of citrus all over Nepal. At present, WTHC is 
serving as the major resource center of trifoliate 
orange for the private nurseries and government 
farms also. The production and distribution 
record of trifoliate orange seeds by WTHC in 
the last five fiscal years is presented in Figure 2. 

Mother plant management inside screen 
house
All together 60 mother plants of three different citrus species i.e. mandarin orange orange, acid 
acid lime and sweet orange are being raised inside screen house. Among them 37 plants belong 
to 8 different varieties of mandarin orange orange (Table 1). These mother plants are maintained 
with proper layout and tagging. The management of mother stock is done regularly to encourage 
the growth of large number of quality scions. Also the mother plants are tested for Huanglongbing 
(i.e. PCR test for citrus greening) every year before grafting. 

Figure 1. Mandarin orange saplings distribution record of 
WTHC

Figure 2. Production and distribution record of  
trifoliate orange seeds
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Table 1.  Details of mandarin orange mother plants maintained inside screen house
S.N. Varieties No. of plants

1 Nepali Suntala 2
2 Yosida Ponkan 7
3 Ohta Ponkan 7
4 Murcott 6
5 Thai Tangerine 4
6 Kinnow 3
7 Kirtipur Selection 3
8 Okitsuwase (Satsuma mandarin) 5

Total 37

Management of rootstock block
The rootstock block of trifoliate orange consists of 800 plants which are being managed 
regularly. By considering the increasing demand of trifoliate orange seeds, new plants are 
transplanted every year. Similarly, there is a well-established rootstock block of Troyer 
Citrange but the seed production is not satisfactory. 

Collection, conservation and promotion of citrus germplasm
Most of the germplasm of mandarin orange available at WTHC were introduced during the 
period of HDP in 1985 AD to 1997 AD and few of them were collected from different parts 
of the county. The citrus/mandarin orange species with varied characteristics found during the 
field visits are collected and maintained in the pot inside the glass house. If the performance of 
potted plants observed good they will be multiplied to the open field also.

Technical guidance to the nursery men and orchard grower 
The farm provides technical guidance to the private nursery and nursery owner for the 
production of quality planting materials of citrus/mandarin orange. Similarly, mandarin orange 
growers are supported technically for the production of quality fruit and postharvest activities. 
The farm also conducts residential and onsite trainings on nursery and orchard management 
of citrus/mandarin orange for the participants from all over the country.

Facility of PCR and ELISA test 
The leaf samples of mandarin orange tree received from different parts of the country are 
tested for Huanglongbing (i.e. Polymerase Chain Reaction : PCR) at molecular lab of WTHC. 
Similarly the Enzyme-linked Immunosorbent Assay (ELISA) test helps in identification of 
Citrus Tristeza Virus (CTV). PCR and ELISA test has become more accessible and ensured 
timely identification of diseased plants from different part of the country with the establishment 
of these laboratories. 
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Strength of WTHC for the production of mandarin orange saplings
	Self-reliant in terms of rootstock and scion: The rootstock seeds and scion required for the 

production of quality saplings of mandarin orange are available within the farm.

	Screen houses: the farm owns seven screen houses, two of them are being used as mother 
plant block while five are being used for raising rootstock, seedling and grafted saplings. 

	Technical human resources: The farm is strong in terms of technical human resource as 
the grafters working in the field are well trained and experienced. Also the office team 
consist of six Subject Matter Specialists (SMS) led by Senior Horticulture Development 
Officer (SHDO) and supported by JT/JTAs.

	Lab facilities: The center consist of six laboratories i.e. soil lab, pomology lab, pathology 
lab, entomology lab, molecular lab and tissue culture lab. Combined effort of these 
laboratories will be very helpful for the production of quality planting materials of 
mandarin orange.

	Farm location and accessibility: As it is located in the capital city of Nepal, it has easy 
access to the inputs and technologies. Also, the regular guidance and supervision from 
higher authorities helps in its better performance. Similarly, farmers from all over the 
country have easy access to come and learn as per their requirement. 

Weakness/challenges for the production of quality planting materials of 
mandarin orange
	Increasing demand of trifoliate orange seeds: The demand for trifoliate orange seeds is 

increasing with the increasing demand of grafted saplings. So, fulfilling this demand with 
the existing blocks of rootstock and annual production is not sufficient.

	Insufficient number of screen house and their maintenance: Since the saplings of all the 
citrus species have to be raised inside the screen house, the number of saplings couldn’t 
be increased with the existing structures. Also, the regular maintenance of those structures 
is costly and even the small leakage may create huge problems.

	Lack of proper irrigation system: The mother plants or the saplings inside the screen house 
have to be irrigated regularly but the center doesn't own the permanent source of irrigation 
water. So, irrigating the plants during the dry period (i.e. Chaitra to Jestha) becomes very 
problematic.

	Provision of permanent technical manpower at laboratories: For the smooth operation of 
molecular and PCR laboratories of the center, permanent position for lab human resource 
should be created. 

	Increasing risk of insect pests and diseases: Species of mealy bugs, scale insects, aphid, 
leaf miner, powdery mildew, shooty mold, blight, damping off etc are major insect and 
pest observed in the field of WTHC. 
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Way forward
	The increasing demand of  trifoliate orange seeds can be addressed; 

i) By increasing the production of trifoliate orange seeds with the new plantation.

ii) By working on the alternatives of trifoliate orange such as citrange, rangapur acid 
lime etc. 

iii) Private sector should be encouraged towards trifoliate seed production.

	Collaboration should be made with higher authorities for the construction of new 
infrastructures such as screen house and irrigation facilities.

	There should be provision of bio-technician permanently in the organogram of WTHC.

	On-farm demonstration and trial program should be started all over the country for the 
dissemination of different best varieties of mandarin orange.
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/fli6«o kmn ;'GtnfM tYo k[i7
(Fact Sheet of Mandarin Orange: The National Fruit)

/fli6«o kmnkm"n ljsf; s]Gb|, sLlt{k'/, sf7df08f}+
/fli6«o s[lif cfg'jf+lzs ;|f]t s]Gb|, v'dn6f/, nlntk'/

zfGtf sfsL{, afns[i0f hf]zL, ofds'df/L >]i7 / ;"o{ k|;fb a/fn
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tYo k[i7 
;'Gtnf -Mandarin orange, Citrus reticulata 
Blanco, Diploid; 2n=2x=18_

;'g h:t} kx+]nf] / tnf tnf h;/L kmNg] ePsf] x'Fbf 
;'Gtnf gfd /x]sf], ;'gsf] h:t} /ª / sdfO klg ;'gsf] 
h:t} cyf{t klxn] klxn] ;'Gtnf klg tf]nfsf] efp 
h;/L hf]lvg] ePsf]n] ;'g;Fu t'ngf ubf{ ub}{ ;'gtf]nf 
gfd /x]sf] / xfn ;'Gtnf gfd /xg uPsf] eGg] egfO{ 5 .

;'Gtnfsf] kmn slnnf]df k|fo cldnf] / l5lKkb} uPkl5  
la:tf/} u'lnof] x'G5 . kmnsf] leqL efudf laofF / 
/;o'Qm s];|f x'G5 h'g hft cg';f/ afSnf] jf kftnf] 
x'g] ub{5 . ;'Gtnfsf] /+usf] ;'Gb/tf, km"n / kmnx?sf] 
;'uGw ;fob cGo s'g} klg kmnkm"ndf kfOb}g . To;}n] 
;+;f/sf nf]slk|o tyf cTolws dfqfdf v]tL ul/g] 
kmnkm"nx?df ;'Gtnf cu|:yfgdf cfpg] ub{5 .

Psbd k|rlnt / ljleGg 7fpFx?df k|of]u ePsf] zAb 
;'Gtnf, h:t} ;'Gtnf /Ë, ;'Gtnf ;DaGwL y'k|} uLt, 
sljtfx?, dfG5]sf] gfd, syf, g]kfnsf] ;'g, cflb 
k|rngdf /x]sf] kfOG5 . ;'Gtnf ;DalGwt y'k|} d]nf, 
dxf]T;j, k|bz{gL, kj{, h:tf sfo{x? cfof]hgf ul/b} 
cfPsf] .

km}nfj6 

pTklt M g]kfnsf] dWo kxf8 -k|frLg sfnb]lv h+unaf6 
NofP/ vf]s'df v]tL ul/Psf]_ 
;'Gtnf v]tL x'g] prfO{M @))–@))) ld6/ 
;'Gtnf v]tL x'g] lhNnf M ^^ 
;'Gtnf ks]6 If]q M ^) lhNnfdf (*( ks]6 If]q

Jofj;flos ?kdf ;'Gtnfsf] v]tL ePsf] lhNnfx?M 
tfKn]h'Ë, kfFry/, t]x|y'd, wgs'6f, Onfd, ef]hk'/, 
vf]6fË, pbok'/, ;+v'jf;ef, ;f]n'v'Da', cf]vn9'Ëf, 
l;Gw'nL, /fd]5fk, sfe|]knf~rf]s, lrtjg, g'jfsf]6, 
uf]/vf, ndh'Ë, DofUbL, tgx'+, sf:sL, kj{t, afUn'Ë, 
:ofËhf, gjnk/f;L, kfNkf, u'NdL, c3f{vfFrL, ?s'd, 
Ko'7fg, /f]Nkf, ;Nofg, b}n]v, hfh/sf]6, s}nfnL, 
88]Nw'/f, 8f]6L, afh'/f, aemfË, a}t8L, bfr{'nf / c5fd .
 \

lrq != ;'Gtnf v]tLn] cf]u6]sf] If]q -cf=j=@)&*÷&(_
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If]qkmn / pTkfbg 

;'Gtnf v]tL ;DaGwL tYofÍ cf=j= @)&*÷&( 

s'n If]qkmnM @&*(@ x] 

pTkfbgzLn If]qkmnM !($*! x] 

s'n pTkfbg M !*%#$^ 6g

pTkfbsTj M (=%! 6g÷x] 

Oltxf; 
;'Gtnfdf ljsf; sfo{ M @)!& ;fnaf6 cf}krfl/s 
?kdf  z'? -kf]v/f / wgs'6f af6_ 

h}ljs ljljwtf 
/}yfg] hftx? M ^) 

lab]zL hftx? M $#

btf{ ePsf hftx? M # -vf]s' :yfgLo, afF;vs{ :yfgLo 
/ kl/kfTn] cuf}6] -pG;'_ 

;'Gtnfhft -cldnf]_ kmnkm"nx? cGtu{t M ;'Gtnf, 
d'Gtnf, h'gf/, df};d, sdnf, sfutL, lga'jf, Hofld/, 
ef]u6], lald/f], u|]kk|m'6

of]ubfg / u'0f 
s'n s[lif ufx{:y pTkfbgdf of]ubfg M )=(^Ü
k|lt af]6 pTkfbg M @%)) bfgf 
kmnsf] tf}n M $) b]lv !&& u|fd

Ps kl/jf/n] a9Ldf lnPsf] cfDbfgLM &% nfv, 
vf]6fËdf #& s/f]8eGbf a9Lsf] ;'Gtnf pTkfbg
;'Gtnfsf] d"No -af]6df_ M ? *) k|lt s]hL 
sfa{g l:yl/s/0f M )=@$–!=@@ 6g÷ x] -wgs'6fdf 
vf]s' ;'Gtnfn]_
afFRg] pd]/ M $))± jif{
tfhf ;'Gtnf kfOg] dlxgf M ebf}b]lv kmfNu'0f;Dd  
ahf/df g]kfnL ;'Gtnf kfOg] dlxgf M ebf}b]lv 
a}zfv;Dd

;a}eGbf a9L pTkfbg lbg] afnL M ;'Gtnf 
;'Gtnfhft dWo] ;'Gtnf M k|d'v kmn
k|;f/0f M aLp / xfFufaf6 
:jfb M clt ld7f] 
pkef]Qmf M ;a} ju{, pd]/, / cj:yfsf dflg;n] vfg ldNg] 
;'Gtnfdf cg';Gwfg M lj=;+= @)@( ;fnaf6 
sndL la?jf pTkfbg M lj=;+= @)@^ ;fnaf6 
pkof]u M tfhf pkef]u, /;, cGo k|zf]lwt kl/sf/, 
ljleGg lqmd agfpg, cf}iflwsf] ?kdf, pkxf/, ;'Gb/tfsf] 

lrq @=  ljut !) jif{sf] cjlwdf ;'Gtnf kmnkm"nsf] If]qkmn / pTkfbg l:ylt
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nflu, h+unL hgfj/sf] nflu cfxf/ / af;:yfg, afx|} 
dlxgf xl/ofnL x'g] x'gfn] jftfj/0f / df6f] ;+/If0f . 

g]kfnL ;'Gtnfsf] ljz]iftf M cGo b]zsf] eGbf dL7f], 
/l;nf] / ;'Gb/ ;lxt jf:gfbf/Ù ;a}eGbf a9L ?rfPsf] 
kmn, k|fËfl/s pTkfbg k|0ffnL, g]kfnsf] ;'Gtnfsf] :jfb 
ljZjdf pTkfbg x'g] ;'Gtnfx¿ eGbf laNs'n leGg / 
cToGt :jflbnf] /x]sf] 5 .

ljljw

Psbd rNtLsf] uLt M ;'gs} efp 5 ;'Gtnf ef/Lsf] 
–:j/ s'GtL df]Qmfg 

;+/If0f M % j6f eGbf a9L lkmN8 lhg a}+sdf #) eGbf 
a9L /}yfg] hftx? ;+/If0f 

dxŒj 
;'Gtnf, g]kfnsf] Ps dxŒjk"0f{ Jofj;flos kmnkm"n 
afnL xf] . ;'Gtnf ljleGg kf}li6s tTjx?n] el/k"0f{ 
kmnkm"n xf] h;df le6fldg P, la / ;L k|z:t dfqfdf 
kfOg] ub{5 / oL kf}li6s tTjx? dfgj :jf:Yosf] nflu 
clt dxTjk"0f{ dflgG5g\ . ;'Gtnfdf /]zfsf] dfqf a9L 
kfOG5 h;n] slAhotnfO{ sd ug{'sf ;fy} 5fnfdf 
rdskg klg Nofpg] ub{5 . ;'Gtnfdf kfOg] t]n s:d]l6s 
k|of]hgsf] nflu pkof]u ul/G5 . ;'Gtnfsf] 5'§} wfld{s 
Pj+ ;fF:s[lts dxŒj ;d]t /x]sf] 5, h;cg';f/ z'?df 
7"nf] PsfbzLaf6 ;'Gtnf vfg] ul/G5 eg] ;'GtnfnfO{ 
afnfrt'b{zLdf k|of]u ul/g] ;taLhdf klg k|of]u ug]{ 
ul/G5 . x/]s k"hfcfhfdf k|of]u ul/g] k|;fb dWo]sf] Ps 
k|d'v kmn ;'Gtnf xf] .

lrq #= u'NdL lhNnfsf] w'sf]6 ufpFkflnsf, gofF ufpFdf sdn yfkfsf] 3/df /x]sf] ;a}eGbf k'/fgf af]6 -s/La $)) jif{ k'/fgf]_ 
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Abstract 

Mandarin orange (Suntala in Nepali) is the topmost fruit of Gandaki Province in terms of area 
coverage, income generation and preference of farmers. Gandaki Province has been leading other 
provinces in terms of area of cultivation and production. Among the area covered by fruits, 55% 
has been occupied by citrus fruits only. Mandarin orange alone covers around 79% and 82% of 
the total citrus area and production, respectively. Therefore, it is a major income generating fruit 
crop of farmers in this province. Due to favorable agro-climatic conditions, mandarin orange 
is commercially cultivated in nine out of eleven districts and the provincial government has 
recognized it as one of the prioritized crops. In addition to regular provincial programs, one 
super zone and three zone programs have been implemented for citrus fruits development by 
the federal government through Prime Minister Agriculture Modernization Project. Similarly, 
Nuts and Fruits in Hilly Areas Project has prioritized mandarin orange and acid acid lime by 
covering 27 local levels in 8 districts of the province. Although there is an increasing trend in 
the area and production over the years, the productivity is yet to meet its potential. In spite of 
regular efforts for the development of this sector, there are many challenges for area expansion, 
good harvest and market management. This article focuses on identification of challenges, policy 
gaps, potentials, and provides recommendations for sustainable improvement of overall aspects 
of mandarin orange.  

Keywords: Citrus decline, Commercialization, Livelihood, Orchard management, Value chain 

Introduction
Citrus is one of the major fruits not only in Nepal but also in the Gandaki Province in terms 
of area cultivated, income generation, and preference of farmers. Nationally citrus fruits 
contribute about 1.52 percent to AGDP which is 29.5 percent of total fruits sector’s contribution. 
Mandarin orange solely contributes about 18.8 percent and 63.3 percent among total fruits and 
citrus fruits respectively (MoALD, 2023). The government of Nepal has declared mandarin 
orange as the national fruit of Nepal on 12 April, 2024.
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Among the seven provinces, Gandaki Province has been leading other provinces in terms of 
area of cultivation and production of mandarin orange. In Gandaki Province, out of the total area 
covered by fruits, 55% has been occupied by citrus fruits only. Mandarin orange alone covers 
around 79% and 82% of the total citrus area and production respectively (MoALD, 2024). 
It is estimated that citrus grower of Gandaki sold mandarin orange of around 3000 million 
Nepalese rupees in the fiscal year 2022/23. Hence mandarin orange is considered as one of the 
major income- generating fruit crops that greatly supports for the upliftment of livelihoods and 
family nutrition in this province. The favorable agro-climatic condition allows the cultivation 
of mandarin orange commercially in nine districts among eleven districts except Manang and 
Mustang. The Government of Gandaki Province identified mandarin orange as one of the most 
prioritized crops in the agriculture sector (PPPC, 2019). Similarly, Provincial government has 
also established the Horticulture Development Resource Centre in Gandaki province realizing 
the need of an organization directly related to the development of fruit sector.

Prime Minister Agriculture Modernization Project (PMAMP) and Nuts and Fruits in Hilly 
Areas Project (NAFHA) are the major projects being implemented in addition to regular 
provincial program for raising production and productivity of citrus along with other crops. 
Although, there is an increasing trend in the area and production over the years, the productivity 
is not satisfactory in comparison to its potential. In spite of regular efforts for the development 
of this sector, farmers are facing many obstacles for the area expansion, good harvest and 
the market management. Though, there is great potentiality of expanding the area under fruit 
crops particularly mandarin orange in Gandaki province, the trend of agricultural land being 
abandoned is in increasing trend. In this scenario, it is crucial to study and analyze trend of 
area coverage, production and yield over the years as well as identify the major constraints 
of mandarin orange sector. The findings from this study will help to identify the policy gaps, 
reform the existing policy and prioritization of the problems. This study suggests practical 
solution and supports to take necessary actions to increase the production and productivity of 
mandarin orange and improving its value chain in Gandaki Province. It focuses on the present 
status and future directives that are recommended to be adopted for self-sufficiency and export 
promotion of mandarin orange.

Materials and methods
Primary data on fruit production and planting material regarding the mandarin orange were 
collected from Agriculture Knowledge Centres (AKCs) of each citrus growing district 
of Gandaki Province. Time series secondary data of area, production and productivity 
were obtained from the reports and publications of Ministry of Agriculture and Livestock 
Development (MoALD) and Provincial Policy and Planning Commission (PPPC) of Gandaki 
Province.  Similarly, information on imported quantity and value of citrus commodity was 
compiled from the records of Department of Customs, Government of Nepal. The collected 
data were analyzed using Microsoft Excel.
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Result and Discussion

Salient features of Agriculture in Gandaki Province
The general scenario of agriculture sector in the Gandaki Province (Table 1) shows that 24 
percent of the total cultivable land is abandoned and only 37.76 percent of the cultivated land 
is irrigated. Among the total fruit cultivated area, citrus fruit (55 percent) is leading to other 
fruits. Mandarin orange alone contributes about 79 percent and 82 percent area and production 
respectively among the total citrus fruits. The figure illustrates that mandarin orange is the most 
important fruit crop of Gandaki Province in terms of both area, production and preference of the 
farmers. It is due to favorable agro-climatic condition for the cultivation of mandarin orange and 
commercial cultivation as a major source of income generation of the farmers in the province.

Table 1. Selected indicators of agriculture sector in Gandaki Province (FY 2022/23)

S.N. Selected Indicators Area and 
Production Percentage (as compared with)

1 Total area of Gandaki Province (ha) 2191781 14.67 (area of Nepal)

2 Total cultivable land area (ha) 487823 22.2 (area of Gandaki province)

3 Total cultivated land area (ha) 370591 76 (total cultivable area)

4 Abandoned agricultural land (ha) 117231 24 (total cultivable area)

5 Total irrigated area (ha) 139935 37.76 (total cultivated area)

6 Year-round irrigated land (ha) 71614 19.3 (total irrigated area)

7 Horticultural crops area (ha) 68475 18.5 (total cultivated area)

8 Fruit cultivated area (ha) 18395 27 (area under horticultural crops)

9 Area of citrus fruits (ha) 10195 55 (total area under fruit)

10 Area of mandarin orange (ha) 8032 79 (total citrus fruit)

11 Production of mandarin orange (mt) 55196 82 (total citrus fruits)

12 Production of mandarin orange (mt) 55196 42 (total fruits)

Area, production and productivity of mandarin orange
Area, production and productivity of mandarin orange in Gandaki as compared to other 
provinces of Nepal

Gandaki Province is leading in the total area, productive area and production of mandarin 
orange over other provinces (Table 2). The total area (8032 ha), productive area (5230 ha) and 
production (50850 mt) in Gandaki province is the highest among the seven provinces followed 
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by Koshi Province. Productivity of mandarin orange in Gandaki Province (10.55 mt/ha) is 
slightly higher than the national average productivity (10.01 mt/ha). Gandaki Province ranks 
fourth in terms of productivity after Karnali, Lumbini and Bagmati Provinces, respectively. 

Table 2. Province wise area, production and productivity of mandarin orange in Nepal  
(FY 2022/23)

S.N.  Name of 
Province

Total area 
(ha)

Productive 
area (ha)

Production 
(mt)

Productivity 
(mt/ha)

% of 
total

1 Koshi 6952 4705 39254 8.34 24.4
2 Bagmati 4393 3269 29349 8.98 15.4
3 Gandaki 8032 5230 55196 10.55 28.2
4 Lumbini 3896 3244 36068 11.12 13.7
5 Karnali 3542 2391 27826 11.64 12.4
6 Sudurpashchim 1636 1058 11503 10.87 5.8
7 Total 28451 19897 199196 10.01 100

Area, production and productivity of mandarin orange in different districts of  Gandaki 
Province

Total area and productive area of mandarin orange (Figure 1) in Gandaki Province is 8032 
ha and 5230 ha respectively in the fiscal year 2022/23. The highest total and productive area 
was found in Syangja followed by Tanahun and Gorkha respectively. Syangja, Tanahun and 
Gorkha districts altogether contribute 58 percent and 61 percent of total and productive area 
of mandarin orange in the province. The figure indicates that commercialization of mandarin 
orange is comparatively higher in these districts compared to other districts.

Figure 1. District wise total and productive area of mandarin orange in Gandaki province (FY 2022/23)

Similarly, production of mandarin orange follows the same pattern as that of total and 
productive area in Gandaki Province (Figure 2). Syangja district stands as the highest producer 
of mandarin orange (17031MT) followed by Tanahun (12976 MT) and Gorkha (5968 MT). 
The average productivity of mandarin orange is 10.55 MT/Ha. In terms of productivity, 
Tanahun is leading in the province (12.9 MT/Ha.) followed by Syangja (11.5 MT/Ha.).  Only 



491
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Tanahun, Syangja and Baglung exceed the provincial average productivity of mandarin orange. 
The lower productivity might be due to old orchards, citrus decline caused by poor orchard 
management practices and citrus greening disease.

Figure 2. District wise production and productivity of mandarin orange in Gandaki province (FY 2022/23)

Area, production and productivity of mandarin orange of Gandaki, Province in last ten 
years

The data on mandarin orange cultivation of Gandaki Province over the last ten years shows 
that the total area under mandarin orange has slightly increased from 7883 Ha. to 8032 Ha. 
(Figure 3a) and the productive area has decreased from 5275 Ha. to 5230 Ha. Increase in total 
area indicates that the demand for planting material is also increasing. Decrease in productive 
areas during the 10 years period might be due to very old orchard and citrus decline problem. 

Figure 3a. Trend of total area and productive area in the last 10 years of Gandaki province. 

The trend of production (Figure 3b) and productivity (Figure 3c) of mandarin orange shows 
that there is up and down over the period of time.  The total production of mandarin orange 
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in the base year was 48047 MT which has increased to 55196 MT in the year 2023/24. The 
average productivity of mandarin orange over the last ten years is 9.91 MT/Ha. The lowest 
and the highest productivity was found in the year 2015/16 (8.19MT) and 2020/21 (11.66 
MT) respectively (Figure 3c). The abrupt decrease in the productivity might be mainly due to 
adverse weather conditions of the specific year. 

Figure 3b. Trend of total area and productive area in the last 10 years of Gandaki province 

Figure 3c. Trend of total area and productive area in the last 10 years of Gandaki province 
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Projects for mandarin orange in Gandaki Province
Prime Minister Agriculture Modernization Project (PMAMP, 2016 - 2026)

Pocket, block, zone and super-zone under PMAMP

PMAMP is a 10 years’ project (2017-2025) being implemented throughout the country by 
Ministry of Agriculture and Livestock Development from the internal funding and human 
resources of Government of Nepal. Under the PMAMP project, there are 30 pocket programs, 
20 block programs (Table 3) and 3 zone and one super-zone program (Table 4) that are 
established in Gandaki province. 

Table 3. Local levels Pocket and Block program of mandarin orange under PMAMP.

S.N. District Pocket program implemented 
Local Level and ward no.

No. 
of 

pocket

Block program implemented 
Local level

No. of 
Block

1 Gorkha Siranchok-2 1 Siranchok, Gandaki, Sahid 
Lakhan 3

2 Lamjung - - Sundarbazar 1

3 Tanahun Ghiring-3, 5; Byas-9 3 Myagde, Byas, Shuklagandaki, 
Aanbukhairani, Devghat 5

4 Kaski Rupa-1, Annapurna-8 2 Pokhara-21,22,23 1

5 Syangja Aandhikhola-6 (2), Walning-2, 10; 
Galyang- 5, 6,7, 10; Chapakot-5 9 Waling, Galyang, Biruwa, 

Fedikhola, Aandhikhola 5

6 Parbat
Paiyun-1, 3,6,7; Falebas-9, 
Mahashila-1,2,5; Kushma-3, 11; 
Jaljala-7,9; Modi-5, Bihadi-5

14 Modi, Mahashila 2

7 Myagdi - - Beni, Malika 2

8 Baglung Galkot-3 1 Jaimini 1

  Total 30 20

One super-zone program and 3 zone programs on mandarin orange have been implementing 
in different local levels of Gandaki province (Table 4). Total number of beneficiaries, gender 
participation status, involvement of farmers’ groups and cooperatives, expansion of total 
mandarin orange area, support to establish citrus nursery and annual saplings production and 
total program budget expenditure in each zone is presented (Table 5). 
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Table 4. Super-zone and zone  program on citrus including mandarin orange under PMAMP.

Zone/Super-zone Super-zone Zone
District Syangja Gorkha Nawalparasi East Myagdi

Start date 2075/76 2074/75 2075/76 2075/76

Program 
implemented in 
Local Level

All local level 
of the district

Gorkha, Sahid 
Lakhan, 

Panungtar-9,10; 

Gandaki, Bhimsen 
Thapa

Bulingtar 1-6, 
Baudikali 1-6, 
Gaindakot-18, 
Madhybindu- 8 and 
15, Hupsekot-5, 
Devchuli-6

Myagdi- Beni, 
Raghuganga, 
Annapurna, 
Mangala; Parbat- 
Jaljala; Baglung- 
Baglung and 
Kathekhola

Area expansion of citrus fruit including mandarin orange under PMAMP

After the implementation of PMAMP program, expansion of the highest total area of citrus 
fruits (2000 Ha.) as well as mandarin orange (1200 Ha.) was found in super-zone implemented 
Syangja district followed by Nawalparasi East. Similarly, highest area of citrus orchard 
improvement (1200 Ha.) was also found in Syangja (Figure 4). It might be due to nature of the 
component i.e. super-zone, more budget and more suitable area for the expansion of mandarin 
orange in Syangja district.

Figure 4. Area expansion of citrus fruit incuding mandarin orange under PMAMP

Beneficiaries of PMAMP in Gandaki Province:

The number of households obtaining benefits from different zone and super zone has reached 
7676 till now out of which the highest number of beneficiaries (36%) from Nawalparasi East 
and lowest (16%) in Myagdi district (Table 5).  
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Table 5. Number of beneficiaries of super-zone and zone program under PMAMP

S.N. Particulars
Syangja Gorkha Nawalparasi Myagdi

TotalSuper 
zone Zone Zone Zone

1 Number of Households 
benefited by the project 2415 1250 2791 1220 7676

2 Female 930 672 1004 356 2962
3 Male 1485 578 1787 864 4714

4 Total Farmers group involved in 
the project 63 56 33 58 210

5 Total Farmers cooperatives 
involved in the project 12 22 5 19 58

6 Citrus orchard established after 
the start of the project (Ha.) 2000 190 487 400 3077

7
Total mandarin orange area 
expansion after the start of 
project (Ha.)

1200 150 431 353 2134

8 Orchard improvement of citrus 
fruit (Ha.) 1200 350 350 140 2040

9 Support to establish citrus 
nursery (No. of nurseries) 11 10 3 15 39

10 Total citrus plant produced by 
the supported citrus nursery 100000 144000 90000 48000 382000

11 Total program budget 
expenditure till date (NRs.’000) 158100 53867 35266 38007 285240

Figure 5. Gender participation in zone/super-zone in different districts
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From the perspective of gender inclusion in the program activities of four districts, participation 
of female farmer is 38.6 percent. The highest percentage of female participation was found in 
Nawalparasi East (53%) and the lowest (29%) was found in Myagdi (Figure 5).

Figure 6. Involvement of farmers’ group and cooperatives in zone and super-zone programs

At present, group approach is the common approach adopted for the implementation of 
agricultural program in Nepal. The highest number of farmers’ (63) group involvement in the 
program was found in super-zone implemented in Syangja district followed by Myagdi (58). 
However, the highest involvement of agricultural cooperatives was found in Gorkha followed 
by Myagdi (Figure 6). 

Nuts and Fruits in Hilly Areas (NAFHA) project

Government of Nepal is implementing seven years’ project from 2022 to 2029 entitled “Nuts 
and Fruits in Hilly Areas (NAFHA)” project in five provinces of Nepal except Madhesh and 
Lumbini including 34 districts and 100 Local levels. Under NAFHA Project, estimated total 
area expansion of mandarin orange in Nepal is 2600 hectare out of which Gandaki Province 
alone consists of 800 ha (30.6%) in 27 local level of 8 districts (Table 6). In Gandaki Province, 
the total target of area expansion of different fruit is 2500 hectare of which 800 hectares (32%) 
is allocated for mandarin orange (PAM, 2022). From this figure, we can conclude that federal 
government also prioritized mandarin orange production in Gandaki province. 

Total Farmers’ group-210

Agri. Cooperatives- 58

Figure 7a. Types of nursery structure  Figure 7b. Nurseries in different altitudes
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From the perspective of gender inclusion in the program activities of four districts, participation 
of female farmer is 38.6 percent. The highest percentage of female participation was found in 
Nawalparasi East (53%) and the lowest (29%) was found in Myagdi (Figure 5).

Figure 6. Involvement of farmers’ group and cooperatives in zone and super-zone programs

At present, group approach is the common approach adopted for the implementation of 
agricultural program in Nepal. The highest number of farmers’ (63) group involvement in the 
program was found in super-zone implemented in Syangja district followed by Myagdi (58). 
However, the highest involvement of agricultural cooperatives was found in Gorkha followed 
by Myagdi (Figure 6). 

Nuts and Fruits in Hilly Areas (NAFHA) project

Government of Nepal is implementing seven years’ project from 2022 to 2029 entitled “Nuts 
and Fruits in Hilly Areas (NAFHA)” project in five provinces of Nepal except Madhesh and 
Lumbini including 34 districts and 100 Local levels. Under NAFHA Project, estimated total 
area expansion of mandarin orange in Nepal is 2600 hectare out of which Gandaki Province 
alone consists of 800 ha (30.6%) in 27 local level of 8 districts (Table 6). In Gandaki Province, 
the total target of area expansion of different fruit is 2500 hectare of which 800 hectares (32%) 
is allocated for mandarin orange (PAM, 2022). From this figure, we can conclude that federal 
government also prioritized mandarin orange production in Gandaki province. 

Total Farmers’ group-210

Agri. Cooperatives- 58

Table 6. NAFHA project implementing districts and Local level in Gandaki Province

S.N. District Local level
1 Gorkha Aarughat, Palungtar, Siranchowk
2 Lamjung Besishahar, Madhya Nepal, Marsyangdi, Rainas, Sundar Bazar
3 Tanahun Myagde, Rishing
4 Kaski Madi, Pokhara, Aannapurna
5 Syangjaa Biruwa, Chapakot, Galyang
6 Parbat Jaljala, Kushma, Modi, Phalebas
7 Myagdi Annapurna, Beni 
8 Baglung Badigad, Galkot, Jaimini, Kathekhola, Nisikhola

Status of citrus nurseries planting materials of mandarin orange in Gandaki 
Province
There are a total of 53 private nurseries (Table 7a) producing seedlings/saplings of mandarin 
orange in Gandaki province. Among them, 48 are registered and 5 are unregistered. The highest 
number of nurseries are found in Myagdi district (13) followed by Baglung (10) and Syangja 
(10). Considering the structure of nursery, 27 nurseries produced the nursery plants in screen 
house, 3 nurseries produced in plastic house, 10 nurseries have both open nurseries as well as 
screen house and 13 nurseries produced orange saplings/seedlings in open nursery (Figure 7). 
Considering the altitude of nursery place, 5 nurseries are established below 800m, 21 nurseries 
are between 800m-1200m and 27 nurseries are above 1200m. Nine nurseries below 1200m are 
producing the mandarin orange sapling in open nursery (Figure 7b).

Total citrus fruit sapling/seedling produced in Gandaki province during the FY 2022/23 is 
798920 out of which 235478 (29.5%) are grafted and rest are produced from seed. Among the 
total citrus plant produced in Gandaki province in 53 private nurseries, 470849 (59 %) are of 
mandarin orange. The share of grafted and seeded plants of mandarin orange is 24 % and 76 
% respectively.

Table 7. Status of citrus nurseries in Gandaki province

District No. of citrus nurseries
Orange sapling produced

Total
Grafted From Seed

Gorkha 4 12000 44000 56000

Lamjung 2 4000 0 4000

Tanahun 2 500 32000 32500

Kaski 3 1150 15000 16150

Syangja 10 54700 38500 93200

Nawalparasi East 6 17499 23300 40799
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District No. of citrus nurseries
Orange sapling produced

Total
Grafted From Seed

Parbat 3 13000 18000 31000

Myagdi 13 10800 180000 190800

Baglung 10 0 13400 13400

Total 53 111649 359200 470849

Status of pests and diseases of mandarin orange in Gandaki province
Assessment of economically important insect pests and diseases of mandarin orange in Gandaki 
province is done during the Provincial Agricultural Technical Working Group (PATWG) 
meeting held on 2080/12/11 in Gandaki province. The major diseases of mandarin orange 
as identified are: Huanglongbing (Citrus greening HLB) (Candidatus liberobacter asiaticus) 
foot and root rot (Phytopthora parasitica, P. citropthora, P. palmivora), Citrus canker 
(Xanthomonas citri) gummosis (Phytophthora spp), sooty mould (Capnodium oleaginum). 
Among this citrus decline has been a major and contemporary shortcoming in our province 
for growing mandarin orange and citrus greening disease has been a major mishap for citrus 
decline. In order to identify the orchards with infection of citrus greening Plant Protection Lab 
of Gandaki Province PPL had completed testing over 126 samples from various regions based 
on following primers.

Name of the Primer Sequence (5’-3’)
Forward (Las606) GGAGAGGTGAGTGGAATTCCGA

Reverse (LSS) ACCCAACATCTAGGTAAAAACC

Out of 126 samples tested in two different fiscal years 47 samples were found positive.

Likewise, the major insect pests of mandarin orange are: Citrus Chinese Fly Bactocera minax, 
Citrus psylla; Diaphorina citri, Citrus Stink bug; Rhynchocoris Poseidon, Citrus Leaf miner; 
Phyllocnistis citrella, Leaf mining beetle, Throscoryssa citri. In recent years, Citrus Chinese Fly 
Bactocera minax has been damaging around 20-30% of total citrus fruit in Gandaki Province. 

Table 8. Prioritized insect pests and diseases of mandarin orange in Gandaki province

S.N. Prioritized insect pests  Prioritized diseases
1 Chinese Citrus Fly HLB (Citrus Greening Disease)

2 Asian Citrus Psylla Foot and Root Rot

3 Scale insect Citrus Canker

4 Leaf Miner Powdery Mildew

5 Citrus Stink Bug Sooty mold

6 Fruit Sucking Moth Felt disease
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Strength, weakness, opportunities, and threats of mandarin orange sector in 
Gandaki Province
Strength 
•	 Agricultural is considered as second most prioritized sector among the seven key 

drivers of prosperity of Gandaki Province.  (Tourism, Agriculture, Energy, Industry, 
Infrastructure, Human Resource Development and Good Governance).

•	 First five-year plan ( FY 2076/77-2080/81 BS) of Gandaki province declared mandarin 
orange as priority crop.

•	 Establishment of Horticulture Development Resource Centre in Gandaki province.
•	 Enforcement of Nursery Management Directive, 2080 according to the provision of 

Provincial Agri-Business Promotion Act, 2077. (18 Nursery inspectors in placed)
•	 Establishment of Agriculture and Livestock Regulation unit in Tanahun (Aanbu 

Khaireni) and Malunga (Syangja).
•	 Mandarin orange grading machine operation and establishment of processing industry in 

Syangja district
•	 The government of Nepal announced the years 2016/17 (2073/74 BS) to 2025/26 

(2082/83 BS) as the fruit decade.
•	 Private nurseries started producing quality saplings.
•	 There are 14 cold storage and 73 cold room in Gandaki province with the storage 

capacity of 8270 MT.
•	 Implementation of fruit orchard improvement/management program.

Weakness
•	 Inadequate human resource.
•	 Work on fruit research is inadequate and extension program is very general.
•	 Poor nursery infrastructure. 
•	 Less production of adequate quantity of disease-free quality saplings.
•	 Only 24 % of the total sapling produced is grafted.
•	 Poor orchard management practices (nutrient, water, disease pest) resulting lower 

productivity.
•	 Lower productivity of mandarin orange due to many reasons
•	 Post-harvest loss 
•	 Fragmented/Scattered production pockets and limitation of land for big orchard 

establishment.
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Opportunities
•	 Favorable Agro-climatic condition.
•	 Commodity of comparative advantage.
•	 Food and nutrition security and environment conservation.
•	 Import substitution and export promotion of quality fresh fruits.
•	 Pokhara as a capital city of tourism in Nepal.
•	 Agreement between Nepal and China for exporting mandarin orange (Syangja district).
•	 Mid-hill highway is under construction from east to west.
•	 Increased access to road and transportation.
•	 Gandaki province has direct market access to India and China for export.
•	 Abandoned land utilization in the mid-hills.
•	 Increased fruit demand due to nutrition consciousness.
•	 Increased urban population and income of middleclass people.
•	 Possibility of generating employment opportunity, improve income and poverty 

reduction.

Threats
•	 Regulation of the quality standard of saplings 
•	 Introduction and spread of insect pest and diseases during import and internal 

distribution of saplings 
•	 Citrus greening disease (CGD).
•	 Destruction of CGD infected orchard.
•	 Migration and occupational shift.

Major issues of mandarin orange sector in Gandaki Province
•	 Inadequate research works (varieties with higher yield and maturity period).
•	 Inadequate/very less production of quality planting materials.
•	 Capacity development of technicians as well as farmers.
•	 Absence of Nursery Act/Directive at national level.
•	 Destruction of CGD infected orchard and replantation.
•	 Post harvest losses due to poor handling and facilities. 
•	 Seasonal market glut and import from other countries.
•	 Lack of private sectors’ investment.
•	 Poor coordination among three tiers of government.
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Recommenation
•	 Formulation and enforcement/strict implementation of Nursery Act/ Directive. 
•	 Support for the production of quality planting materials.
•	 Research on varietal identification and improvement. 
•	 Development of technological package of practices (PoP) for sustainable and   effective 

disease pest management by DoAR, Lumle and HRS, Malepatan. 
•	 Capacity enhancement for better orchard management practices.
•	 Reduction in post-harvest losses through improved post-harvest facilities.
•	 Institutional strengthening for research, production and marketing.
•	 Coordination, collaboration and cooperation among three tiers of  government.
•	 Making conducive policy to attract private sectors for commercial plantation and post 

harvest facilities including processing industries
•	 Development of policy to utilize abandoned private and public land to convert in to fruit 

orchards.
•	 Policy of leasing government land to private sector for long-term. 
Conclusion
Mandarin orange is the major strategic fruit crop of the Gandaki province with a competitive 
and comparative advantage. The cultivated area, productive area and production of mandarin 
orange has increased from 7883 ha to 8032 ha, 5275 ha to 5230 ha and 48047 mt to 55196 
mt respectively within the period of 10 years from 2013/14 to 2022/23 however, productivity 
showed some fluctuations. Despite many initiatives taken by the government for the development 
of the mandarin orange sub-sector by implementing different projects, the condition of the 
orchards and the orchard owners has not been improving as expected. The quantity and value 
of the import of mandarin orange and its value-added products have been increasing day by 
day but the potential cultivation area is being fallow due to the disease infestation, orchard 
management problems, lack of proper value addition technique, and many other factors. The 
sector needs to be strengthened by the research-based problem identification, situation analysis 
and the impactful recommendations.
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Abstract 

Citrus fruits are not only a vital component of the human diet, providing essential nutrients like 
vitamin C, but they also hold significant economic value. In Nepal, citrus cultivation is an integral 
part of the fruit farming, contributing to both local and national economies. Citrus nurseries 
underpin this industry by providing the necessary quality and true-to-type planting materials, 
thus forming the foundation of successful citrus farming. This article explains the status of citrus 
nurseries existing all over the country. The information about total number of nurseries and 
production status of citrus saplings are based on the record provided by the private nurseries to the 
National Centre for Fruit Development (NCFD) for last four years (FY 2076/77 to 2079/80). Based 
on the record, a total 569 citrus nurseries are currently operating out of 667 total fruit nurseries. 
Both governmental farms as well as private nurseries are producing citrus saplings, however 
contribution of private nurseries is significantly higher (98%). Although the private nurseries 
play a vital role for production and supply of citrus planting material in the country, it does not 
represent the actual situation of the total production and supply of the saplings. This situation 
prevails due to the voluntary system for record submission by the private nurseries, supported by 
government mechanism. The rules and regulation for effective monitoring and supervision of the 
private nurseries are yet to be approved by the government. As a result, there is no legal binding 
for private nurseries, leading to production and distribution of substandard saplings throughout 
the country. These problems can be overcome by development and implementation of citrus 
budwood certification system for quality sapling production and nursery guideline for proper 
monitoring and supervision of the nurseries for quality assurance.

Keyword: Nurseries, Saplings, Citrus budwood certification system, Nursery guideline

Introduction
Citrus is one of the main fruit crops of Nepal contributing about 21.61 percent of the total 
plantation area (MoALD, 2078/79). Among citrus, mandarin orange is predominant which 
share about 60.5 percent of total citrus production in the country. The unique topography and 
agroclimatic condition of mid hills of Nepal have made it possible to grow many kinds of 
citrus fruits. At present, all the 48 districts (more than 100  ha. of commercial orchards per 
disctrict) of mid-hill region are producing citrus fruits in considerable amount. Citrus fruits in 
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the mid hill region have now become business proposition and many pockets of citrus have 
been developed. This has increased the social acceptability and consumption of citrus in Nepal 
(FAO, 2011).

Despite the importance of citrus farming in Nepal, it faces several challenges. Disease and pest 
infestation are the major problems and citrus fruits are highly susceptible to a range of diseases 
and pests. Among the diseases and pests, Citrus Greening (Huanglongbing) and Citrus Tristeza 
Virus (CTV) diseases play vital role for citrus decline that threaten the sustainability of citrus 
farming. Huanglongbing (HLB) is one of the serious problems of citrus in Nepal, caused by a 
gram-negative phloem restricted bacterium, Candidatus Liberibacter asiaticus. Citrus decline 
due to the presence of HLB disease affect up to 39-55% were found infected in Pokhara valley 
first. Citrus decline in Kaski, Lamjung, Gorkha, Syangja and Tanahu are mainly caused by the 
greening disease and it is spreading very fast and posting a great threat to citrus orchard. CTV 
is another disease responsible for decline where lime is highly susceptible (FAO, 2011).

The pathogen of these diseases (HLB and CTV) is primarily transmitted through infected 
budwood and insect vector. No resistance rootstocks to HLB have been reported so far and 
neither any chemical have been found effective for controlling this disease (Bove, 2006). 
Roistachar (1996) reported that the greening is the number one disease of citrus in Nepal 
and stated that “Greening will destroy citrus industry in Nepal slowly but surely if necessary 
measures are not taken in time” and suggested to implement the “Certification Program”.

Nursery is a place where planting material, such as seedlings, saplings, cuttings, etc., are 
raised, propagated, multiplied, nourished until they are ready for sale or transplanting at 
a permanent place in a field. The primary objective of a citrus nursery is to produce high-
quality, disease-free planting material that can ensure robust growth and high yields when 
transplanted to orchards. However, there is a lack of awareness about graft- transmissible 
diseases, improved technique of citrus sapling production such as grafting techniques and 
scientific nursery management system among the nurseryman. Most of the private nurseries 
are in open field hence the planting materials are affected with several diseases and pests  
easily spread to new area. Many nurseries lack the resources to effectively manage these 
diseases and pests, leading to the propagation of infected plants. Thus, the scarcity of certified, 
disease-free planting material is a major issue. Nurseries often rely on locally sourced seeds or 
cuttings, which may carry pathogens that results in the spread of diseased planting materials 
and reduces the overall productivity of citrus orchards.

Current scenario of citrus sapling production
Both government farm/centers and private nurseries are involved in citrus sapling production. 
Status of citrus sapling production by both institutions are presented below. 

Government farms producing citrus saplings
Government farms serve as resource center for the source materials, demonstration and 
training centers, where farmers can learn about modern cultivation practices, pest and disease 



505
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

management, healthy sapling production, nursery management technologies and many more. 
These farms often collaborate with research institutions like the Nepal Agricultural Research 
Council (NARC) to introduce new varieties and technologies. It also produces and distribute 
disease-free and high-yielding saplings to farmers across the country. Currently, following 
federal and various provincial government farms are involved in citrus sapling production.

Table 1. Government farms producing citrus sapling 

S.N. Name of the farm/centers
Annual production 
of citrus saplings 

(2079/80)
Remarks

1 Farm/centers under Federal government

1.1 Tropical Horticulture Center, Sarlahi 2000 Acid lime

1.2 Warm Temperate Horticulture Center, Kirtipur 25000
Acid lime, 
mandarin 
orange, sweet 
orange

1.3 Citrus Fruit Development Center, Palpa 30000
Acid lime, 
mandarin 
orange, sweet 
orange

Sub Total 1 57000

2 Farms under the Provincial governments

2.1
Tropical Horticulture Nursery Development 
Center, Janakpur

3000 Madhesh 
Province

2.2 Spices Crop Development Center, Panchakhal 5000 Bagmati 
Province

2.3 Floriculture Development Center, Godawari 25000 Bagmati 
Province

2.4
Sub-tropical Horticulture Development Center, 
Trishuli

10000 Bagmati 
Province

2.5
Horticulture Development Resource Center, 
Kaski

5000 Gandaki 
Province

Sub Total 2 48000

Total 105000

Research stations under NARC producing citrus saplings
In addition to federal and provincial level farms, research farm stations under NARC are also 
producing citrus saplings. Under NARC, following farm/centers are involved in citrus sapling 
production.
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Table 2. Citrus sapling production under NARC in FY 2079/80

SN Name of the Research Centers No. of Saplings

1 National Citrus Research Program, Dhankuta 36000
2 Agriculture Research Directorate, Lumle, Kaski 5000
3 Horticulture Research Center, Dailekh 5000

Total 46000

Private nurseries involved in citrus sapling production
Private nurseries are critical players in the citrus industry, producing the majority of 
saplings used by farmers. These nurseries range from small, family-run operations to larger, 
commercially oriented enterprises. It also contributes to the local economy by creating 
employment opportunities and supporting secondary businesses. They often collaborate with 
government and research institutions. These nurseries involved in citrus sapling production is 
presented in table below.

Table 3. Number of private nurseries involved in sapling production

SN Provinces
Number of private nurseries

Total Citrus sapling producers

1 Koshi 140 130

2 Madhesh 146 146

3 Bagmati 103 103

4 Gandaki 79 77

5 Lumbini 49 42

6 Karnali 100 56

7 Sudur Pashchim 50 15

Total 667 569

Table 3 shows that total of 667 private nurseries currently engaged in fruit sapling production 
among which majority of them are involved in citrus sapling production. However, this 
is not a complete data as it only summarized based on the information provided by these 
nurseries voluntarily. There are more nurseries involved in sapling production than the above-
mentioned because of many governmental institutions involved in nursery registration process 
and these nurseries operate in their own way. There is no legal provision to regulate these 
private nurseries.
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Quantity of sapling production by private nurseries
Private nurseries produce a significant number of citrus saplings annually (Table 4).

Table 4. Quantity of sapling production by private nurseries

Province
Seedling Production Sapling production

Orange Acid Lime Others Orange Acid Lime Others
Koshi 416000 821500 77000 106700 87500

Madhesh 67000 2049200 41000 15000 250000

Bagmati 20500 512000 5000 57500 45300 50500

Gandaki 249500 404500 20000 91900 59800 3000

Lumbini 307650 554000 17700 22400 10700 3500

Karnali 288600 696800 12000 1500

Sudur Paschim 15000 40500 24000 2000 500

Total 1364250 5029500 184700 307500 455300 57000

Contribution of government farms and private 
nurseries in citrus sapling production 
As compared to governmental farm/centers, private 
nurseries are playing dominant role for citrus sapling 
production and distribution in Nepal. Table 5 shows 
the contribution of private nurseries in citrus sapling 
production which are very high, contributing to about 
98 % of the total production. This indicates that private 
nurseries are major stakeholders of sapling production 
which cannot be overlook while implementing the 
programs related to healthy sapling production and supply.

Table 5. Contribution of sapling production by government farms and private nurseries

SN Source of sapling production
Sapling production

Quantity Percentage

1
Government farms including NARC 
Research Centers (total)

  151000 2.0

2 Private nurseries (total)  7398250 98.0

 Total 7549250 100

Location of citrus nurseries for sapling production 

Majority of citrus nurseries in Nepal are located in the mid-hill regions, where the 

Figure 1. Contribution of Government 
farm/centers and private nurseries in 
citrus saplings productions
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climatic conditions are favorable for citrus cultivation. Recently, there is a trend of citrus 
sapling production without considering the minimal technical parameters. Such unsuitable 
locations/conditions for citrus sapling production can impact the health and quality of the 
saplings. Table 5 shows the provincial total citrus sapling production in Terai region as an 
example of this critical issue. The data shows that about 33% of total sapling production was 
done in Madhesh Pradesh where citrus is not cultivated and saplings are generally sold to hilly 
regions.

Table 5. Location of sapling production by private nurseries

Province Total no. of sapling production Percentage of Sapling production
Koshi 1508700 20.28
Madhesh 2422200 32.63
Bagmati 690800 9.21
Gandaki 828700 11.2
Lumbini 915950 12.37
Karnali 998900 13.2
Sudur 
Paschim 82000 1.11

Total 7398250 100

Factor affecting the quality sapling production
Technology adopted by private nursery 
Mother plant management, soil preparation, selection of rootstocks and scions, propagation 
techniques, pest and disease management, irrigation management are major management 
practices of fruit nurseries. Very few nurseries have followed technical parameters and 
scientific nursery management practices while running their nursery. In contrast, traditional 
methods are prevalent in majority of citrus nurseries where most of the private citrus nurseries 
are in open field hence are affected with several diseases and pests. Very few private nurseries 
construct screenhouse /greenhouse facilities for disease-free sapling production. There is a 
lack of awareness about improved technique such as grafting techniques, pest and disease 
management especially graft-transmissible diseases such as HLB and CTV and its vector 
control, leading to the propagation of infected saplings resulting low quality planting material 
production which are easily spread to new area through its distribution. 

Disease and pest infestation
Citrus plants are highly susceptible to a range of diseases and pests. Some of the most 
problematic diseases include: Citrus Greening, Citrus Tristeza Virus. 

Citrus Greening (Huanglongbing): It is one of the serious problems of citrus in Nepal and 
caused by a gram-negative phloem restricted bacterium, affect up to 39-55% were found 
infected in Pokhara valley. Citrus decline in Kaski, Lamjung, Gorkha,Syangja and Tanahu 
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are mainly caused by the greening disease and it is spreading very fast and posting a great 
threat to citrus orchard. Similarly, Citrus Tristeza Virus (CTV) disease is another disease 
responsible for decline of sweet orange and lime is highly susceptible to CTV. The pathogen 
of these diseases is graft and vectors (Citrus psylla and Brown citrus aphid), transmissible. No 
resistance rootstocks to HLB have been reported so far and neither any chemical have been 
found effective for controlling this disease (Bove,2006). Roistachar (1996) and Adhikari et 
All (2022) reported that the greening is the no. one disease of citrus in Nepal and stated that 
“Greening will destroy citrus industry in Nepal slowly but surely if necessary, measures are 
not taken in time” and suggested to implement the “Certification Program”.

Regulatory and policy challenges 
Fruit sapling production is completely a technical matter that required to follow certain 
technical norms under the guidance and supervision of concerned authority for quality and 
healthy sapling production.  The current system of fruit nurseries registration by different 
institutions, such as local level, Cooperatives, Firms, Office of Small and Cottege Industries, 
Companies Act and no system of linking them in technical authority mislead the nurseries to 
follow technical aspects of sapling production. There is no single door system and/or   legal 
binding for sapling production, monitoring mechanism to regulate these nurseries. This 
situation further panelizes by not formulating rules/regulation and responsible organization to 
regulate them for quality sapling production as well as distribution. Though the Seed Act 2045 
and Regulation 2069 implemented for quality control of seed sector which is mainly focused 
on cereal and vegetable crops, not addressing the specific nature of fruit crops. It indicates the 
lack of stringent quality control measures and certification system to this sector, ultimately 
affects the standardization of planting material. 

In addition, sapling distribution through different entities (Floriculture nurseries, Forest related 
offices, NGO/INGOs and supplier companies) rather than producers/nurseries may further 
deepen the problem by not following the rules of quality sapling distribution. 

Possible strategies to address the current problems
Addressing the challenges of quality citrus sapling production by nurseries requires a 
comprehensive approach that includes technical, financial, and policy interventions:

Technical interventions
Disease management 

Implementation of integrated pest management (IPM) practices can help control pests and 
diseases. This includes:

•	 Cultural practices: Implementing practices such as crop rotation, proper spacing, and 
sanitation to reduce disease incidence.

•	 Regular monitoring: Early detection of disease and pest outbreaks through regular 
monitoring.
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•	 Biological control: Using natural predators and parasites to control pest populations.

•	 Chemical control: Judicious use of pesticides and fungicides to manage severe pest 
and disease infestations.

Implementation of disease testing programs

Disease testing programs have significantly improved the health and quality of citrus saplings. 
Early detection and management of diseases have reduced the spread of infections, leading to 
healthier sapling production. Thus, the government has to implement disease testing programs to 
detect and manage common citrus diseases, such as CTV and greening. These programs involve 
regular testing of saplings and mother plants using advanced techniques like ELISA and PCR.

Strengthen private nurseries through training and capacity building program 

Providing regular technical training and capacity building programs for nursery operators 
can enhance their technical capabilities for which the government and other concerned 
organizations should collaborate on it. This includes: 

•	 Training: Training programs should focus on various aspects of citrus sapling 
production, including modern production practices, grafting techniques, pest and 
disease management and infrastructure development. 

•	 Extension services: Strengthening agricultural extension services to provide on-site 
support and advice to nursery operators.

Capacity enhancement to technicians (Three tiers of Government)

The government conducts regular training programs for concerned technicians and local level 
human resources as well. The program covers various aspects such as virus indexing, shoot tip 
grafting technology, citrus budwood certification system, nursery inspection,  pest and disease 
management and handling.

•	  Knowledge exchange: Facilitating knowledge exchange programs with nurseries in 
other regions or countries to learn best practices. 

Promoting research and development 

Investing in research and development can address the specific challenges faced by the citrus 
nursery sector. This includes:

•	 Disease resistance: Researching and developing disease-resistant citrus varieties.
•	 Best practices: Identifying and promoting best practices in nursery management.
•	 Technological innovations: Developing and disseminating technological innovations 

to improve nursery productivity and efficiency.

Financial support and subsidies
Providing financial support to nurseries can help them invest in better infrastructure and 
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technology. This includes:

•	 Access to credit: Facilitating access to credit through micro-finance institutions and 
banks.

•	 Grant and subsidized loans: Offering grants and/or subsidized loans to nurseries can 
help private nurseries invest in essential infrastructures such as screen houses and other 
technologies. These measures will enhance their production capacity and quality of 
saplings

Strengthening regulatory framework and government support
Enhancing the regulatory framework and providing government support can significantly 
boost the citrus nursery sector. This includes:

•	 Policy development: Developing and implementing policies that support nursery 
development and quality control.

•	 Establishing a responsible organization to regulating sapling production: A 
responsible organization should be recognized to oversee the quality sapling production, 
distribution, and regulation. This organization should have the authority to implement 
and enforce regulations, conduct inspections, and maintain disease free quality sapling 
production in the country. 

•	 Establishment of certified nurseries:  Establishing certified nurseries and enforcing 
stringent quality control measures that produce disease-free planting material is 
essential. It should cover an establishment of mother plant orchards under screen house 
with disease-free plants for propagation as well as rootstock and saplings production 
inside screen house. 

•	 Regulatory frameworks: The government has to establish regulatory frameworks 
to ensure the quality and authenticity of citrus saplings. These frameworks include 
guidelines for sapling production, certification standards, and certification system 
implementation. Gandaki Province has good start; Regulation and Nurseries Record 
updates

•	 Implementation of citrus budwood certification system: Introducing a citrus 
budwood certification system (CBWCS) will ensure the genetic purity and health of 
saplings. Certified budwood must meet government standards for type and freedom 
from graft-transmitted pathogens. The certification system will improve sapling 
quality, reduce the spread of diseases, leading to healthier orchards and higher yields. 
The implementation roadmap should include steps for establishing the organization 
responsible for implementing Citrus Budwood certification program, defining its 
mandate, and engaging other related stakeholders. Collaboration with 3 tiers of 
government agencies, private nurseries, and research institutions will be crucial for 
success.
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•	 Regular inspections: Conducting regular inspections and quality checks by government 
agencies to enforce standards to citrus nurseries

Conclusion
Citrus nurseries are crucial to the success of the citrus fruit industry in Nepal. Both Government 
and private nurseries contribute to sapling production while contribution of private citrus 
nurseries is significant. Production and distribution of pathogen free planting materials 
by implementing citrus budwood certification system is crucial for sustainability of citrus 
farming. It provides the foundation for healthy and productive citrus orchards, contributing 
significantly to the local and national economy. However, the sector faces several challenges, 
including disease and pest infestation, lack of quality planting material, insufficient technical 
knowledge, regulatory mechanisms, financial constraints and so on. To address the challenges, 
future strategies should be focused on strengthening private nurseries, regulating sapling 
production, implementing budwood certification systems and establishing a responsible 
organization. Training and capacity enhancement programs have to be effective in improving 
the technical skills of nursery operators. These measures will improve nursery practices, better 
resource accessibility, and stronger regulatory support can ensure the production of high-
quality, disease-free citrus sapling, leading to increase yields and higher-quality fruits. This, in 
turn, can boost the profitability of citrus farmers, create more employment opportunities and 
enhance the overall growth of the citrus sector in Nepal.
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Abstract 

Mandarin orange (Citrus reticulata Blanco) is the major sub-tropical fruit popularly grown in 
slopy terraces of mid-hills which has high domestic and foreign market potentialities. This study 
aimed to analyze the trends of area, production, yield and import of citrus with a particular focus 
on mandarin orange in Nepal. Secondary data on citrus production published by the Ministry of 
Agriculture and Livestock Development, Singhadarbar, Kathmandu was used for trend analysis. 
Similarly, data on the import of mandarin orange was taken from the Department of Customs. 
The results from Sen’s slope showed that the production of overall citrus increased at the rate of 
8334.48 mt/year. Gandaki province recorded the highest area (8032 ha) under mandarin orange 
cultivation followed by Koshi (6952 ha) and Bagmati (4393 ha) provinces. Also, Gandaki province 
had the highest (55195.75 mt) mandarin orange production followed by Koshi (39254.10 mt) 
and Bagmati (29348.65 mt). The Compound Annual Growth Rate (CAGR) for import quantity 
and import value is negative which means the import of mandarin orange is decreasing by 10% 
annually. The Nepalese mandarin orange sector is developing and in the long term, there is an 
opportunity for self-sufficiency in mandarin orange. 

Keywords: Mandarin orange, Man-Kendall test, Sen’s slope, Import, CAGR, Trend analysis

Introduction
Fruits contribute about 7% of total agriculture's gross domestic product (MoALD, 2022). Of 
the many cultivated fruits of Nepal, citrus is the major fruit grown in Nepal. It ranks first in sub-
tropical fruits and contributes to about 20.78 % of the total fruit production in Nepal (MoALD, 
2023). The major citrus species grown in Nepal are mandarin orange (Citrus reticulate Blanco), 
sweet orange (Citrus sinensis), acid lime (Citrus aurantifolia Swing), lemon (Citrus lemon), 
pummelo (Citrus grandis), citron (Citrus medica), and rough lemon (Citrus jambhiri Lush.). 
Recently, the area under fruit production has been increasing; however, productivity remains 
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stagnant because of insufficient healthy saplings, poor access to market information and price 
uncertainty.

Among the citrus fruits, mandarin orange is one of the major sub-tropical fruits of Nepal which 
is grown throughout the mid-hall region. It is popular for its nutritive value and its superior taste 
(Shrestha, 1996). It is cultivated in 27002 hectares (ha) of land area with annual production 
and productivity of 198,406 metric tons (mt) and 10.80 mt per hectare respectively which 
contributes almost 0.85% in AGDP (MoALD, 2021). Climate suitability, soil conditions, and 
market suitability favor the production of high-quality mandarin orange in Nepal. Compared 
with the national productivity mean of India and China, production and productivity are not 
satisfactory besides having suitable topography and climatic conditions. 

The key determinants of mandarin orange production are unavailability of high-yielding and 
resistant cultivars, quality planting materials, lack of efficient and sustainable soil and pest 
management measures, land fragmentation, lack of proper storage facilities, and a reliable 
market system (Dhahal et.al., 2023). There is an utmost need for policy intervention though 
formulated plans and policies are limited to only paperwork (Sapkota et.al. 2017). This 
study aimed to access and analyze the status and trend of area, productive area, production, 
productivity and import of citrus with a particular focus on mandarin orange in Nepal. For the 
study, we collected secondary data from “Statistical Information on Nepalese Agriculture” 
published by MoALD from 1994/95 to 2022/23. 

Materials and method
Data collection
Time series secondary data of production, area and productive area is taken from the MoALD. 
The 28 years of past data were used for the analysis. Data was entered in MS Excel. Necessary 
statistical inferences were made by using XLSTAT. The Mann-Kendall test (M-K test), Sen’s 
slope method, and standard normal homogeneity (SNH) test were used for trend analysis. 
Additionally, the Compound Annual Growth Rate (CAGR) was computed to study the trend 
of mandarin orange imports in Nepal.

Results and discussion
Trends of citrus area, production, and yield in Nepal
The trends of citrus area, production and yield in Nepal have been presented in Table 1. The 
result showed that the area, productive area, and production of citrus have a significantly 
increasing trend/decreasing trend/undermined. The significant change points for the area, 
productive area, production, and productivity of citrus were detected from 1994/95 to 2022/23. 
The results from Sen’s slope showed that the production of overall citrus increased at the rate 
of 8334.48 mt whereas results from Sen’s slope showed that the productivity of overall citrus 
increased at the rate of -0.021 mt/year 
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Table 1. Trends of citrus area, production and yield in Nepal

Parameters Minimum Maximum Mean Median S.D.
Coefficient 
of variance 

(CV)%

Pearson’s 
coefficient 

of skewness

Area (ha) 14600 50200 31892 31556 11842.8 37.134 0.101

Productive 
area (ha) 8488 33554 19670.98 21198.50 7963.46 40.48 0.124

Production 
(mt) 83375 317910 195430 217320 74201.8 37.97 -0.004

Productivity 
(mt/ha) 8.79 11.37 10.05 10.01 0.78 7.76 0.047

Table 2. Mann-Kendall test (M-K test), Sen’s slope of citrus in Nepal

Parameters p-value Kendall’s 
tau Sen’s Slope Trend Significance

Area (ha) <0.0001** 0.983 1439.301 Increasing Significant

Productive area (ha) <0.0001** 0.972 945.276 Increasing Significant

Production (mt) <0.0001** 0.852 8334.480 Increasing Significant

Productivity (mt/ha) 0.536 -0.088 -0.021 Decreasing Non-significant

Area, production and yield of mandarin orange in Nepal in the last five years
The area under mandarin orange cultivation in six provinces of Nepal has been presented in 
Figure 1. It shows that in the last year (2021/22), Gandaki province recorded the highest area 
(8032 ha) under mandarin orange cultivation followed by Koshi (6952 ha) and Bagmati (4393 
ha) provinces. In the same year, Lumbini province accounts for 3896 ha, Karnali accounts for 
3542.04 ha, and Sudurpachhim accounts for 1635.66 ha, respectively.
The production of mandarin orange in six provinces of Nepal has been presented in Figure 
2. It shows that in the last year (2021/22), Gandaki province had the highest (55195.75 mt) 
mandarin orange production followed by Koshi (39254.10 mt) and Bagmati (29348.65 mt). 
The production trends in the other four provinces have also increased in recent years. The 
mandarin  orange production in Lumbini province was 36067.64 mt, Karnali 27825.73 mt, and 
Sudurpachhim 11503 mt, respectively.
The yield of mandarin orange in six provinces of Nepal has been presented in Figure 3. In 
the last year, the highest productivity (11.64 mt/ha) of mandarin orange has been observed in 
Karnali province, followed by Sudurpachhim province (10.87 mt/ha) and Gandaki province 
(10.55 mt/ha).
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Figure 1. Area of mandarin orange in Nepal in the last five years

Figure 2. Production of mandarin orange in Nepal in the last five years

Figure 3. Yield of mandarin orange in Nepal in the last five years
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Compound annual growth rate (CAGR) of mandarin orange import quantity and import value
The CAGR is the mean annual growth rate of an investment over a period longer than one 
year. It's one of the most accurate ways to calculate and determine returns for individual 
assets, investment portfolios, and anything that can rise or fall in value over time. The CAGR 
can be used to calculate the average growth of a single investment.

The CAGR is a mathematical formula that provides a smoothed rate 
of return. CAGR is used in this study to describe the rate at which 
import will grow in long run. CAGR results help to evaluate past 
import occurred over a specific time or estimate future imports.

The CAGR of import quantity and import value was computed from 
year (F.Y.) 2075/76 to 2079/80 using M.S. Excel. The results show 

CAGR of import quantity is -10% and the CAGR of import value was -6 %. Table 3 shows 
computed compound annual growth (CAG) based on the CAGR of import quantity and import 
value for each year. CAGR for import quantity and import value is negative which means the 
import of mandarin orange is decreasing by 10% annually. The Nepalese mandarin orange 
sector is developing and in the long term, there is the opportunity for self-sufficiency in 
mandarin orange. 

Table 3. CAGR of mandarin orange import quantity and import value

F.Y. (B.S) Import quantity 
(Kg)

CAG 
(Quantity)

Import value 
(Rs)

CAG (Import 
value)

2075/76 24128590 24128590 1122189720 1122189720

2076/77 22635161 21603714.34 1207900905 1057244969

2077/78 26072236 19343047.94 1371252143 996058780.1

2078/79 23080897 17318943.3 1271974970 938413634.3

2079/80 15506646 15506646 884104600 884104599.8

CAGR -10%  -6%  

Figure 4. The trend of Import (in Kg) of mandarin orange

Where:
EV = Ending value
BV= Beginning value
n= Number of years 
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Conclusion
This study indicated that the area, productive area, and production of citrus have a significantly 
increasing trend/decreasing trend/undermined. The significant change points for the area, 
productive area, production and productivity of citrus were detected from 1994/95 to 2022/23. 
The results from Sen’s slope showed that the production of overall citrus increased at the rate 
of 8334.48 mt/year. Gandaki province recorded the highest area (8032 ha) under mandarin 
orange cultivation followed by Koshi (6952 ha) and Bagmati (4393 ha) provinces. Also, 
Gandaki province had the highest (55195.75 mt) mandarin orange production followed by 
Koshi (39254.10 mt) and Bagmati (29348.65 mt). The CAGR for import quantity and import 
value is negative which means the import of mandarin orange is decreasing by 10% annually. 
The mandarin orange sector is developing and in the long term, there is the opportunity for 
self-sufficiency in mandarin orange in Nepal. 
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kxf8L kmnkm"nsf] /fhf Û /fli6«o kmn ;'Gtnf .

s] uof}{ / dfl;Fb} 5g\ , slxNo} ljrf/ uof}{ .

yfFqmf agfO{ emfnkft nfof}, sf]bf] ds} 5of}{ ..

/fli6«o kmn ;'Gtnf,

s7} lg lar/f Û /fli6«o kmn ;'Gtnf .

sf]xL eG5g\ sf:sL :ofËhf, sf]xL eG5g\ ;Nofg .

xft ;dfO{ cl3 a9f}+, gu/L cNofË dNofË ..

/fli6«o kmn ;'Gtnf,

b]znfO{ lrgfpg] Û /fli6«o kmn ;'Gtnf .

-ehg_
/fli6«o kmn ;'Gtnf 

aiff{ ofddf af]6 /f]kf}+, lxpFbdf uf]8d]n .

dnhn u/f}+ au}+rfdf, ldnfpF tfnd]n ..

/fli6«o kmn ;'Gtnf,

pTkfbg a9fpF x} Û /fli6«o kmn ;'Gtnf .

ltgkft]sf] ?6:6s, ;fog /fd|f] rflxG5 .

aLh' x}g sndL la?jf, vf]hL vf]hL nfO{G5 .. 

/fli6«o kmn ;'Gtnf,

8fF8}df kmnfO{G5 Û /fli6«o kmn ;'Gtnf .

w]/} l9nf kmn gl6kf}+, ;dosf] Vofn u/f}+ .

d"No >[ª\vnf u'Gb} a'‰b}, a]r lavg u/f}+ ..

/fli6«o kmn ;'Gtnf,

xfd|f] b]zsf] uf}/j Û /fli6«o kmn ;'Gtnf .

;'Gtnfsf] x|f; ;d:of, emg\ emg\ a9\b} hfnf .

kft emnf{ kmn emnf{, af]6 ;'Sb} hfnf ..

/fli6«o kmn ;'Gtnf,

hf]ufpF ;a} ldnL Û /fli6«o kmn ;'Gtnf .

;Fw} x/fe/f Û /fli6«o kmn ;'Gtnf .

s] 5 lg ltd|f] rfnf Û /fli6«o kmn ;'Gtnf .

xfd|f] b]zsf] uf}/j Û /fli6«o kmn ;'Gtnf .

b]znfO{ lrgfpg] Û /fli6«o kmn ;'Gtnf .

cfq]o kß
afujfgL ljsf; clws[t

lztf]i0f afujfgL ljsf; s]Gb|, dfkmf{, d':tfË
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;'g s} efp 5 ;'Gtnf ef/Lsf]

rfvL hfg' eGg] dg [sf/L]! sf]

vf]O t a'6 h'Qf

sltGh]n wfFp5f} bfO{ w/fg wgs'6f

w/fg em5f}{ wgs'6f efs]/

aN5L bfpdf ;'Gtnf /fv]/

bf}/f eG5f} 6flNbg csf]{ 5

5fgf] 6fNg] ;kg} rsf]{ 5

vf]O t a'6 h'Qf

sltGh]n wfFp5f} bfO{ w/fg wgs'6f

/x/ afFwL sx/sf] [vsg]@ df

dg af]S5f} sL 3/ af]S5f} 9fs/df

3/sf] b'Mv 3/}df ltg tnf

slxn] xf]nf ;'gsf] efp ;'Gtnf

vf]O t a'6 h'Qf

sltGh]n wfFp5f} bfO{ w/fg wgs'6f

of] bfh'sf] ld/ld/] cfFvf
ld/ld/] cfFvf
s:tf] d]/f] laufof]{ lbdfu
g/f]pm dfofn'

ld/ld/] cfFvf -@_
s:tf] d]/f] laufof]{ lbdfu
g/f]pm dfofn'

of] alxgLsf] ;'l/nf] efsfn]
;'l/nf] efsfn]
5ftL lrof]{ ufhn' cfFvfn]
g/f]pm dfofn'

;'l/nf] efsfn] -@_
5ftL lrof]{ ufhn' cfFvfn]
g/f]pm dfofn'
sl/dfdf gefsf] s'/f
gefsf] s'/f
an u/]/ x'b}g xh'/
g/f]pm dfofn'

gefsf] s'/f -@_
an u/]/ x'b}g xh'/
g/f]pm dfofn'
ul/an] nfPsf] 8f]/f]
nfPsf] 8f]/f]
8f]/f] l5Gof] dg eof] Psxf]/f]
g/f]pm dfofn'

nfPsf] 8f]/f] -@_
8f]/f] l5Gof] dg eof] Psxf]/f]
g/f]pm dfofn'

of] bfh'sf] ld/ld/] cfFvf

ufosM– k|la0f u'?ª

uflosfM– ladfs'df/L b'/f

;'g s} efp 5 ;'Gtfnf ef/Lsf]

uflosfM– s'GtL df]Stfg

-uLt_
;'Gtnf ;DaGwL s]xL uLtx?

of] bfh'n] lxt u¥of] d l;t
lxt u¥of] d l;t
clv/Ldf h'u hfg] sf] l;t
g/f]pm dfofn'

lxt u¥of] d l;t -@_
clv/Ldf h'u hfg] sf] l;t
g/f]pm dfofn'

nfn' kft] km'n]/ nfn eof]
km'n]/ nfn eof]
cfh d]/f] hf]uLsf] rfn eof]
g/f]pm dfofn'

km'n]/ nfn eof] -@_
cfh d]/f] hf]uLsf] rfn eof]
g/f]pm dfofn'

vfp t eg] ;'Gtnf kfgL
;'Gtnf kfgL
gvfp eg] b'a}sf] Hofg hfg]
g/f]pm dfofn'

;'Gtnf kfgL -@_
gvfp eg] b'a}sf] Hofg hfg]
g/f]pm dfofn'
b'a}sf] Hofg hfg]
g/f]pm dfofn'
b'a}sf] Hofg hfg]
g/f]pm dfofn'

;+snsM zfGtf sfsL{
k|d'v 

/fli6«o kmnkm"n ljsf; s]Gb|, sLlt{k'/, sf7df08f}+
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/fli6«o kmnk"mn ;'Gtnf xf] xfd|f], 
of] lg0f{o clt g} ef] /fd|f] .

jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;'Gtnfsf] eljio /fd|f] 5,
v]taf/L ;a} vfnL xfd|f] 5 . 
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL 
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;'Gtnf v]tL hfg]df ug{,
kg{] 5}g c/adf dg{ .

jgsf] sfkmn jgs} r/LnfO{, 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;'Gtnf v]tL u/]/} hfg] xf],
afh] /f]Kg] gftLts vfg] xf] .
jgsf] sfkmn jgs} r/LnfO{, 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

lgjf{xd'vL v]tL 5 xfd|f],
;'Gtnfdf cfDbfgL 5 /fd|f] .
jgsf] sfkmn jgs} r/LnfO,{ 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

To;}n] t ca Jofj;flos v]tLdf nfUg'5,
cfly{s ljsf; ug{nfO{ hfUg' 5 . 

jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

/f]kf}F ;'Gtnf sDd/} s;]/,
cfˆg} kl/jf/ ufpF 3/d} a;]/ .
jgsf] sfkmn jgs} r/LnfO{, 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;'Gtnf v]tL u/]/ hfg] xf],
cfO lk Pdsf] k|ljlwdf nfUg] xf] .

jgsf] sfkmn jgs} r/LnfO{ 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

:jR5 afnL pTkfbg u/f}+,
ljifflbsf] e/df gk/f}+ .

jgsf] sfkmn jgs} r/LnfO{, 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;3g v]tL k|ljlwdf hfg] xf], 
;'Gtnf pTkfbg a9fP/} nfg] xf] .
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

/f]u sL/f cfPdf eufcf}+ x},
u'0f:tl/o la?jf nufcf}+ x} . 
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

ug'{ eGbf ljb]zsf] gf]s/L,
u/f}+ a? ;'Gtnf s} rfs8L .
jgsf] sfkmn jgs} r/LnfO,{ 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

ljb]z u} kl;gf gaufpF,
ul/aL / c1fgtf oxLF eufpF .
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

vf8L d'n's ghfpF x} ca t,
guO{ ljb]z oxLF aufpF /ut .
jgsf] sfkmn jgs} r/LnfO{, 
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

;'Gtnfsf] dxTj a'em]/,
u/f}+ v]tL em/L d} ?em]/ .

jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

s[ifsnfO{ pGgt k|ljlw lbpF,
laqmL ug{] lhDdf xfdLn] lnpF .
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

af/L 6f/L ;'Gtnf nfpg' 5,
ufpFa];Ldf olx uLt ufpg' 5 .
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

eGb]p ;/sf/ s[ifsnfO{ olx s'/f,
ltd|f] dfu ;a} x'G5 oxLF k"/f
jgsf] sfkmn jgs} r/LnfO{,
c? afnL Ps l;hg eP gL
;'Gtnf af]6 afr'Gh]nLnfO{ ..

-uLt_ ;'Gtnf af]6 afr'Gh]nLnfO{

b|f]0f /fh sfˆn]
cfhLjg ;b:o

g]kfn xl6{sNr/ ;f];fO{6L, nlntk'/
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-sljtf_
;'Gtnf v]tL

;'Gtnf hft kmnk"mnsf], s] s] j0f{g u/f}+ .

vfnL 5g\ x} 8fF8f kfvf, ;a}df kmnk"mn e/f}+ ..

vfBtTj kf]if0fdf, of] -;'Gtnf_ t ;f/} wgL .

af/L e/L af]6 nufP, cfpF5 w]/} dgL -k};f_ ..

s:tf] 7fpFdf v]tL ug{], eGg] s'/f hfg .

*)) dL= dflysf] kxf8, o:tf afnL 5fg .. 

blIf0f–klZrd df]x8fsf], af]6 rfF8} d5{ .

To;}n] t k"j{–pQ/ df]x8fsf], kfvf] 5fGg' k5{ ..

v]tL ubf{ k|fËfl/s, v]tL ug{] u/f}+ .

/f;flogs ljif xf]Og, lgdsf] emf]n 5/f}+ ..

;'Gtnf hft kmnk"mndf, nufpF x} dg .

o;sf] v]tL ug{ hfg], sdL x'Gg wg ..

ufpF 3/sf v]taf/L, ;'Gtnfn] e/f}+ .

af9L klx/f] aftfj/0f, ;+/If0f u/f}+ ..

cN5L xf]Og hfFul/nf], xfdL aGg' k5{ .

v]tL u/] af]6af6, k};f cfkm} em5{ ..

hfg] xf]Og ljb]z ca, ufpFd} a:g] u/f}+ .

afFemf /x]sf v]taf/L, kmnk"mn af]6n] e/f} ..+

;a}n] ufpF d} h'uf8 u/f}+, bfd / /f]huf/L .

ljb]zLsf] d'n's uO{, lsg af]S5f} ef/L ..

sf]xL g;{/L, sf]xL au}rf, sf]xLn] laqmL ug{] .

/f]huf/LnfO{ cGt st}, e/ ug'{ gkg{] ..

ufp{ a:t' 3/d} kfn], k|fËfl/s dn aG5 .

ghfpF efO{ ljb]z egL, cfˆg} bfOn] eG5 ..

htL w]/} k|fËfl/s dn, ptL w]/} kmn .

:jR5 kmnk"mn -;'Gtnf_ vfg kfP, cfpF5 w]/} an ..

3/df ;w}+ kmnkm"n, vfg] afgL a;fpF .

o'jf, kfsf, s]6fs]6L, ;a}sf] d'xf/ x;fpF ..

/fli6«o kmn ;'Gtnfsf], k|rf/ k|;f/ u/f}+ .

/f]u sL/f nfu] eg], h}ljs ljif 5/f}+ ..

:jR5÷tfhf kmnk"mn vfg kfP, Åi6k'i6 tg .

cfˆgf] :jf:Yo s:tf] /fVg], cf–cfkm"n] eg ..

3/sf] jl/kl/ ;an], ;'Gtnf af]6 ;f/f} .

kl5 km]/L n]6 xf]nf, cfhnfO{ lj6 ef/f}+ ..

b|f]0f /fh sfˆn]
cfhLjg ;b:o

g]kfn xl6{sNr/ ;f];fO6L, nlntk'/
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-sljtf_ ;'Gtnf
-5Gb M cg'i6'k\_

;'Gtnf u'0fsf] vfgL u'0f}n] sxnfpF5

kmn emg\ ;'ge}mF x'G5g\ b]Vt} lrQ /;fpF5 . 

kxf8L e":ynL sfGnf, kfvfdf eL/df /dL

kmNb5g\ ;'Gtnf dL7f yf]/} :ofxf/df klg .

d"No ldNnf gldNnfsf] 5}g lrGtf ls;fgdf

laSt5g\ h] hlt kmN5g\ ;'Gtnf zfg dfgdf . 

vfPdf ;'Gtnf lgTo cfFvfsf] t]h a9\b5

;kf5{ d'6'sf] :jf:Yo ;du| /f]u x6\b5 . 

:jfbdf kmnsf] /fhf of] g} xf] zlQmsf] 3/

;d[l4sf] oxL ;|f]t ls;fgL dgsf] e/ . 

To;}n] ;'Gtnf /f]kf}F, ;'Gtnfn] e/f}F u/f

lehfcf}F >dn] df6f] v'n"g\ xfd|L a;'Gw/f . 

ejfgL vltj8f
s[lif k|;f/ clws[t 

s[lif ljefu, xl/x/ ejg, nlntk'/
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International Trade and Intellectual Property Rights on 
Nepalese Mandarin Orange

Devendra Gauchan

Institute of Agriculture and Animal Science, Tribuvan University, Kathmandu

A paper presented in the 14th National Horticulture Conference, Kritipur,  
Kathmandu, April 24-25, 2024, Nepal
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Presentation outline
• Background: Boosting International Trade & IPR
• Status of Trade of mandarin orange and other Citrus Fruits
• Trend of Import and Export Trade of Mandarin Orange in the past 15 years (2008-2022)
• Trade Destination of Mandarin Orange
• Types of IPR tools and their use in promoting export and innovation in the trade of 

mandarin orange
• Challenges, Issues and Gaps in IPRs
• Suggested Actions

Role of international trade and intellectual property rights (IPRs)
• International trade is vital for stimulating agricultural and economic development
• Boosting export trade of mandarin orange is essential to enhance income and generate 

employment of people in rural mid Hills in Nepal
• IPR facilitates innovation, enhance market access and incentivize people in the trade of 

the products
• IPR tools can boost export trade through commercialization and conservation by exploiting 

functional traits of diverse, unique specialty native varieties and their cultural heritage
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Average 3 years import & export of orange, mandarin orange & other citrus  
fruits (2020-2022)

HS Code and Commodity Import Value 
(NRs)

Export Value 
(NRs)

Trade Balance 
(NRs)

08054000-Grapefruit 15,796.00 0.00 -15,796.00

08051000-Oranges 1,314,642,846.00 117,959.67 -1,314,524,886.33

08055000-Lemons and limes 805,715,855.67 487,399.00 -805,228,456.67

33011300-Essential oils of lemon 458,836.00 0.00 -458,836.00

20083000-Citrus fruits, prepared or 
preserved 25,167,924.00 4,669.67 -25,163,254.33

08059000-Citrus fruits 154,803,279.33 304,606.67 -154,498,672.67

08052000-Mandarins (including 
tangerines and satsumas)

0.00 0.00 0.00

08052900-Others (Mandarin oranges, 
tangerines and satsumas),

3,115,435.00 0.00 -3,115,435.00

Total Value (NRs) 2,303,919,972.00 914,635.00 -2,303,005,337.00

Import trend of mandarin orange, lemons & acid lime and citrus fruits in 
the last 15 years (2008-2022)

Import Trend of Mandarin, Orange, Lemons & Lime 
and Citrus Fruits in the last 15 Years (2008-2022)

Devendra Gauchan, PhD 5
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Export trend of orange, lemons & acid lime and citrus fruits in the last 15 years  
(2008-2022)

Export Trend of Orange, Lemons & Lime 
and Citrus Fruits in the last 15 Years (2008-2022)

Devendra Gauchan, PhD 6
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Trade destination: imported countries (2020-2023)

Imported countries in recent 3 years in Nepal
Commodity 2023 2022 2021 2020

Orange India, Egypt, South 
Africa, China

India, Egypt, 
South Africa

India, Egypt, 
South Africa

Inda, Egypt, 
South Africa, 
China

Mandarin orange China India India, Uganda India

fruits India India India, 
Indonesia

Citrus prepared 
& preserved Thailand

Egypt, India, 
Israel, Thailand, 
South Korea

Egypt, India, 
Thailand

Egypt, India, 
Thailand

Grape fruits India India India India

Lemon & Limes India -India, Singapore India India

Essential Oils of 
Lemon India India India, USA, 

Malaysia India

Orange Qatar Qatar Bangladesh UK

Mandarin orange - - - India

Citrus fruits India India India -

Citrus prepared
& preserved India, Bangladesh - - UAE

Lemon & Limes USA - - UK

Essential Oils of 
Lemon USA - - -

Major issues and opportunities for international trade
• Import of mandarin orange is increasing rapidly until 2020 (some decline after 2020), 

however, export is very negligible and irregular.
• Nepal is exporting increasing value of Fruit Juice (NRs 6 Billion in 2022/23), the share or 

orange Juice is 15% in 2022-23.
• Declining trend of unique traditional varieties and associated traditional knowledge of 

mandarin orange. With better incentives and policy framework (IPRs mainly GI & FRs), 
they can be conserved and protected from further decline.
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• Need to make separate import and export custom data for sweet orange and consolidated 
data for mandarin orange . The HS code 08051000is being used for Oranges which seems 
to be combined of sweet orange and mandarin orange.

• A great opportunity exists to boost export trade of mandarin orange by increasing 
production volume, value chain strengthening and trade facilitation such as Nepal-China 
Trade Protocol and with Other Countries (Qatar, UAE etc.)

IPR tools for commercialization, conservation and trade
• Patent
• Plant Breeders Rights
• Farmers Rights
• Trademark
• Geographical Indication (GI)

Note: Industrial design, copy rights, and trade secret 
are not very common in agriculture

IPR for boosting export trade of mandarin orange
• Mandarin orange cultivars can be protected through patents, plant breeders' rights and 

the products by trade marks and GIs
• Protection may be also granted for the specific products, brand names, or geographical 

indications
• Trade marks are used to protect brand names, logos, and other identifiers that distinguish 

goods or services from those of competitors
• Geographical indications (GI), used in product marketing, are comparable to a trade 

mark.
• Farmers rights can provide both legal rights of protection and recognition or rewards to 

farming communities



532
Oltxf;, lj1fg / k|ljlw

g]kfnL ;'GtnfM
History, Science and Technology in Nepal

Mandarin Orange :   

Drivers of international trade, commercialization and conservation in 
mandarin orange
• IPR Policy, Institution, 

Investment, technology and 
human resources are critical 
for commercialization and 
conservation of unique Nepalese 
mandarin orange

• IPRs are vital for 
Commercialization and 
facilitating Innovations. Investors 
and donors find difficult to invest 
in agribusiness innovation in 
countries where IPR policies and 
institutional framework are poor or absent.

Gaps and issues in IPR for commercialization and trade
• Poor financial, institutional and human resource capacity for development and 

implementation of IPR
• Lack of legal framework for PVP rights, Farmers Rights and GI Rights
• Poor Investment and limited Priority setting on the development and promotion of 

Trademark on agri products
• Trade off between commercialization and conservation of native cultivars
• Insufficient information, awareness and knowledge on the relevance of IPR in day-to-day 

business for SMEs
• High costs associated with registering, obtaining, enforcing and monitoring IP rights

Suggested actions
• Formulate PVP & FRs and GI laws and Implement GI certification and support Trademark 

Registration and Organic Certification process for boosting export
• Identification, characterization and mapping of geo-linked functional traits with specific 

culture, traditional knowledge and use
• R&D Investment on selection, improvement and registration of unique native farmers 

varieties and their location-specific commercialization
• Strengthen SPS related laboratory facilities, human resource and institutional capacity for 

export testing and certification of mandarin orange products
• Reward, recognition and incentivizing custodian farmers and communities to conserve, 

use and promote diverse unique native varieties
• Improve trade relations, trade facilitation and trade treaty including trade infrastructure 

to access international market linkages to boost export trade of mandarin orange and its 
products (e.g Juice)
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Program Schedule
Day One (12 Baishakh 2081)
Session: I
Chairperson : Dr. Shanta Karki, Chief, NCFD
Facilitator : Mr. Dinesh Sapkota, SHDO, VDC

Activity Presenter Time

Participants arrival, registration and breakfast Ms. Tara Sharma
Ms. Manita Tamang 8:00-8:30 AM

Session start Mr. Dinesh Sapkota 8:30
Session chair Dr. Shanta Karki 8:30-8:40
Welcome address and Seminar objectives Mr. Gopal P. Shrestha 8:40-8:50
Geographical indication survey report of mandarin 
orange: Kaski Mr. Surya Prasad Baral 8:55-9:10

Geographical indication survey report of mandarin 
orange: Arghakhanchi Ms. Shiva Aryal 9:10-9:25

Geographical indication survey report of mandarin 
orange: Dailekha Ms. Manita Tamang 9:25-9:40

Geographical indication survey report of mandarin 
orange: Sankhuwasabha Ms. Shova Sharma 9:40-9:55

Geographical indication survey report of mandarin 
orange: Parbat Mr. Jeevan Subedi 9:55-10:10

Geographical Indication of mandarin orange: 
Solukhumbu Ms. Kabita Sharma 10:10-10:25

Discussion and Closing All 10:25-10:40

Session II
Chairperson : Dr. Kishor Dahal, Assistant Dean, IAAS, TU
Facilitator : Mr. Surya Prasad Baral, SFDO, NCFD

Activity Presenter Time

Orchard management of Mandarin Orange Mr. Kaushal K. Poudel  
Mr. Padma Nath Atreya 10:40-10:55

Soil and nutrient management of mandarin orange Dr. Ramita Manandhar 10:55-11:10
An assessment of soil nutrients status and determination 
of most limiting nutrient

Ms. Asha Dhakal 11:10-11:25

Effect of application of micro-nutrients on plant growth 
and fruit set in mandarin orange

Ms. Rubisha Bastola 11:30-11:45

Fruit fly in the citrus ecosystem of Nepal Dr. Dev Raj Adhikari 11:45-12:00
Discussion and Closing All 12:00-12:15
Lunch All 12:15-01:00
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Inaugural Session III
Chairperson : Mr. Gopal P. Shrestha, President, Nepal Horticulture Society 
Facilitator : Ms. Yam Kumari Shrestha, SHDO, NCFD

Activity Presenter Time
Seat taking by Chief Guest - Honorable Agriculture 
Minister, MoALD; Special Guests - Honorable Member, 
NPC; Respected Secretaries, MoALD; ED, NARC,; Deans, 
AFU and TU, Guests - Joint Secretaries, MoALD; DG, 
DDG, DoA; Chiefs, NCFD and NCPVSD and all invited 
dignitaries

Yam Kumari Shrestha 1:00-1:10

National anthem and opening Chief guest 1:10-1:20
Welcome remarks Dr. Shanta Karki 1:20-1:30
Mandarin Orange:  The National Fruit Dr. Shanta Karki 1:30-1:45
  Song/Bhajan: National fruit Mr. Padma Nath Atreya 1:45-1:55
वैदिक कृषिमा सुन्तलाको स्थान Mr. Basu Dev Kafle 1:55-2:05
Prize distribution Chief guest 2:05-2:15
Few words Farmers 2:15-2:25
Remarks Secretary, MoALD 2:25-2:35
Remarks Hon. Member, NPC 2:35-2:45
Speech Hon. Agri. Minister 2:45-3:00
Thanks giving and closing of inaugural session Chairperson 3:00-3:05
Tea break All 3:05-3:20

Session IV
Chairperson : Mr. Bhairab Raj Kaini, Former President, NHS
Facilitator : Ms. Ranju Maharjan, HDO, DoA

Activity Responsible Person Time

Government policy and program support for mandarin 
orange promotion

Mr. Gopal P. Shrestha 3:20-3:40

Status of mandarin orange research in National Citrus 
Research Program, Dhankuta

Mr. Basant Chalise 3:40-3:55

Status of mandarin orange in Warm Temperate Horticulture 
Centre, Kirtipur

Ms. Tara Sharma 3:55-4:10

Status of mandarin orange research in Horticulture Research 
Center, Dailekh

Mr. Netrahari Ghimire 4:10-4:25

Status of mandarin orange in Citrus Development Center, 
Palpa 

Mr. Jogendra Kandu 4:25-4:40
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Discussion and Closing All 4:40-4:55

Day Two (13th Baishakha 2081)
Session: V
Chairperson: Dr. Hari Bahadur K.C., DG, DoA
Facilitator:  Mr. Padma Nath Atreya, HDO, THDC

Activity Responsible Person Time

Participants arrival, registration & breakfast All 8:00 – 8:25

Principle of mandarin orange disease management Dr. Chiranjibi Regmi 08:30-8:45

Detection of Citrus greening associated with 
mandarin orange

Dr. Bal Kumari Oliya 8:45-9:00

Scale of HLB infestation and the status of 
molecular diagnostic test of mandarin orange 
groves in Nepal.

Dr. Ram C. Poudel 9:15-09:30

Diagnosis of Citrus Tristeza Virus (CTV)and 
Huanglongbing (HLB) Diseases and Micro-
propagation of virus-free Poncirus trifoliate Shoot 
Tips for rootstock production

Dr. Mukunda Ranjit 9:30-09:45

Research profile of citrus insect pest in Nepal Dr. Samundra Lal Joshi 9:45-10:00

Mandarin orange pollination and pollinators Prof. Dr. Resham B. Thapa 10:00-10:15

Discussion and closing All 10:15-10:30

Session VI
Chairperson: Mr. Mohan Bahadur Thapa, Former President, NHS
Facilitator: Ms. Tara Sharma, HDO, WTHC

Activity Responsible Person Time

Status of mandarin orange in Nepal Mr. Surya Prasad Baral 10:30-10:45

Status of mandarin orange in Gandaki Province Mr. Balkrishna Adhikari 10:45-11:00

Nursery management and propagation technique on 
mandarin orange Ms. Shova Sharma 11:00-11:15

Status of citrus sapling production and future strategies Ms. Yam Kumari Shrestha 11:15-11:30

Post-harvest management of mandarin orange Dr. Durga Mani Gautam 11:30-11:45

Product diversification of mandarin orange Dr. Matina Joshi Vaidya 12:00-12:15

Discussion All 12:15-12:25

Poster observation and evaluation All 12:25-12:55
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Activity Responsible Person Time

Lunch All 12:55-01:30

Session VII
Chairperson: Mr. Ram Bahadur K.C., Vice President, NHS
Facilitator: Mr. Santosh Poudel, AEO, NCFD

Activity Responsible Person Time

Marketing management of mandarin orange in Nepal 
with some case studies at production and market level.

Mr. Tulashi Gautam 1:30-1:45

Value chain of mandarin orange Mr. Tek Bahadur Bam 1:45-2:00

International trade and intellectual property rights 
protection of Nepalese mandarin orange 

Dr. Devendra Gauchan 2:00-2:15

Citrus fruit export from Nepal to China: Plant quarantine 
perspective

Ms. Sabitri Baral 2:15-2:30

Building root and tuber crops for food security and 
economic gain

Mr. Umesh Sing,  
DG, CIP

2:30-2:45

Discussion and closing All 2:45-3:00

Tea break All 3:00-3:15

Session VIII
Chairperson: Dr. Amar Bahadur Pun, Chief, NHRC 
Facilitator: Ms. Manita Tamang, HDO, NCFD

Activity Responsible Person Time

Mandarin orange Biodiversity and its utilization for 
commercialization in Nepal

Dr. Umesh Acharya 3:15-3:30

Mandarin orange landraces: Diversity, conservation, and 
potential for geographic indication

Dr. Bal Krishna Joshi 3:30-3:45

Geographical indication survey report of mandarin orange: 
Dhankuta

Mr. Santosh Sharma 3:45-4:00

Variety characterization of mandarin orange Dr. Ram Lal Shrestha 4:00-4:15

Variety registration system Mr. Bikash Kharel 4:15-4:30

k|fs[lts Ps cg'kd pkxf/M :ofpt ;'Gtnf Mr. Pradip Thapa 4:30-4:45
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Activity Responsible Person Time

Discussion and closing 4:45-5:00

Session IX:  Closing 
Chairperson: Mr. Gopal Prasad Shrestha, President, NHS,           
Facilitator: Ms. Reeti Singh, SHDO, DoA
Chief Guest: Dr. Govinda Prasad Sharma, Secretary, MoALD

Activity Responsible person Time
Seat taking by Chairperson, Chief Guest, 
Special Guest, Guests and all Participants Ms. Reeti Singh 5:00-5:10

Summary of seminar and way forward Ms. Yam K. Shrestha 5:10-5:30
Prize to Poster Presenters Chief guest 5:30-5:40
Closing remarks Guest and Chief guest 5:40-6:00
Closing of the seminar Chairperson 6:00-6:10
 Dinner All 6:10 PM onwards
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Shanta Karki
Birth place: Bhotewodar, Lamjung, Nepal

Affiliation: National Centre for Fruit Development, Department of Agricul-
ture, Nepal

Job title: Chief (Joint Secretary)

Education: Ph D (Plant Breeding) from Kyoto University, Japan

Email: shantakyoto@gmail.com

Contact: +977-9840595449

Experience: Dr. Karki has been working in the agriculture research and 
development sector for more than 15 years in the capacity of a 
molecular biologist, rice scientist and horticulturist. She has authored 
and co-authored several research articles, reviews, technical books 
on different types of fruits, protocols, book chapters, conference 
papers, annual reports, and has reviewed and edited scientific 
articles in several journals, and has written opinion columns most of 
which can be accessed from https://orcid.org/0000-0001-8431-2674. 

Puspa Raj Paudel

Birth place: Madhyanepal 1, Lamjung, Gandaki, Nepal

Affiliation: Tribhuvan University, Institute of Agriculture and Animal Science

Job title: Director (Planning)

Education: Ph.D. (Horticulture)

Email: puspa.poudel@pakc.tu.edu.np

Contact: +977-9851133584

Experience: 

Dr. Poudel is currently the Director of Planning and an Assistant 
Professor at the Institute of Agriculture and Animal Science, 
Tribhuvan University. With over 20 years of extensive teaching and 
research experience, he has held prestigious positions, including a 
Postdoctoral Fellow at the National Research Institute of Brewing in 
Japan and a Fulbright Visiting Scholar at Cornell University. He has 
authored and co-authored more than two dozen research articles and 
has expertise in plant biotechnology, molecular biology, viticulture, 
plant genetic resources evaluation, and horticulture. Dr. Poudel has 
presented his research findings at numerous national/international 
seminars and serves as a reviewer for several internationally 
reputed journals. Additionally, he is the Editor-in-Chief of Nepalese 
Horticulture journal.

Editors' Profile
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Yam Kumari Shrestha

Birth place: Amppipal - 7,  Gorkha, Nepal

Affiliation: Nuts and Fruits in Hilly Areas Project, NCFD, Kirtipur

Job title: Senior Horticulture Development Officer 

Education: Master (MoD) Gender and Agriculture from Larenstien University 
of Professional Education, the Netherlands

Email: yamkumarishrestha@gmail.com

Contact:  +977 9851092452 

Experience: Mrs. Shrestha has more than 28 years of experience in horticulture 
development and organic agriculture in different capacity 
as Horticulturist, trainer/facilitators, Organic inspector. Her 
Professional works focus on program planning, implementation, 
capacity development and monitoring. She has authored and co-
authored several technical books/ book chapters/ booklets and 
articles on vegetables, fruits, organic agriculture, protocols and 
annual reports. She has served as the editor, reviewer of several 
articles and technical papers. 

Surya Prasad Baral

Birth place: Pokhara Metropolitan city-22, Kaski

Affiliation: National Center for Fruit Development, Kirtipur, Kathmandu

Job title: Senior Horticulture Development Officer, NCFD, Kirtipur

Education: M Sc Ag (Horticulture), IAAS, Tribhuvan University, Nepal

Email: spbaral23@gmail.com, spbaral@hotmail.com

Contact: +977 9841548284

Experience: Started his professional career from 1997 as Government of 
Nepal class third officer and worked for farm manager in different 
horticulture farm, DADO, MoALD and projects in different 
capacities. Currently he is serving for the National Center for 
Fruit Development (NCFD) as a senior horticulture development 
officer since 2023.  He has published more than 20 research and 
development related articles in national and international journals, 
proceedings, booklets and books

9851229587
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Sanjay Dhimal

Birth place: Tarakeshwor Municipality-03, Kathmandu

Affiliation: Nepal Horticulture Society, Khumaltar, Lalitpur

Job title: Executive Member (Treasurer)

Education: M.Sc. (Botany) from the Magadha University, India

Email: sanjaydhimal2012@gmail.com

Contact: +977 9841313634

Experience: Mr. Dhimal has more than 30 years of experience in the Government of 
Nepal under Ministry of Agriculture and Livestock Development especially 
in the horticulture research and development sector, program planning, 
implementation, monitoring and evaluation. He has been working in the field 
of horticulture, organic farming, citrus fruit farming, commercial vegetable 
cultivation and rooftop gardening. He has authored and co-authored 
more than 20 research articles in the national and international journals, 
proceedings, technical books and annual reports related to horticulture. He 
has also served as a peer reviewer in various scientific articles. His passion 
lies in the field of school horticulture, commercial farming, farmers training, 
kitchen and terrace gardening and overall horticulture development.  

Santosh Poudel

Birth place: Belbhariya, Butwal-14, Rupandehi, Nepal

Affiliation: National Centre for Fruit Development, Department of Agriculture, 
Nepal

Job title: Agricultural Economist

Education: 

M.Sc. Agriculture (Horticulture) from Agriculture and Forestry 
University, Nepal.
Masters in Public Administration (MPA), from Tribhuwan Univer-
sity, Nepal.

Email: santoshpaudel01@gmail.com

Contact: +977 9845794719

Experience: Mr. Paudel has been working in the agriculture development sector for 
more than 8 years as a planning officer and an agricultural economist. 
As a professional civil servant and also as a development enthusiast, 
he has demonstrated leadership in different capacities. He worked 
as a member in developing a policy concept known as “Protected 
Agriculture, Guaranteed Savings,” which has been implemented since 
2020 within the stated policy framework of the ministry. Similarly, he 
worked as a member to review the National Agriculture Policy of 2004 
and draft the first Agriculture Bill of 2023. He has authored and co-
authored some research articles, technical books, protocols, annual 
reports, and opinion columns on agricultural issues.
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Samyam Pandit

Birth place: Pokhara-7, Kaski, Nepal

Job title: Agriculture Extension Officer

Affiliation: National Centre for Fruit Development, Department of Agricul-
ture, Nepal

Education: M.Sc. Agriculture (Agricultural Economics) from Agriculture and 
Forestry University, Nepal.

Email: Samyampandit696@gmail.com

Contact: +977 9846572170

Experience: Mr. Pandit has been working in the agriculture sector for more than 
3 years as an agriculture extension officer. During his college days 
he has also worked as the editor-in-chief for the book related to Ag-
riculture entrance preparation. Recently he has also contributed in 
drafting the master plan for the renovation of the Tropical horticul-
ture center, Sarlahi. He has authored and co-authored some research 
articles related to agricultural economics.


