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Abstract
This experiment was carried out in a shade net house at the horticultural research farm of Agriculture and 
Forestry University, Chitwan, Nepal during spring 2018to identify the suitable radish (Raphanus sativus 
L.) variety having high yield potential with better quality roots for off season. The experiment was laid out 
in Randomized Complete Block Design (RCBD) with eight treatments, i.e. five improved (Vedetar Local, 
Miyasinge, Tokinasi, Pusa Chetki and All Season) and three hybrid varieties (Mino Early Long White F1, Ivory 
White F1 and MAHY 22 F1) of radish with four replications.Radish seeds were seeded in the third week of 
February. Miyasingevariety showed the highest plant height (43.91 cm), biomass yield (73.22t ha-1) and fresh 
shoot weight per plant (127.15 g)whereasthehighest number of leaves per plant (20.54) was recordedinMAHY 
22 F1. Ivory White F1 variety showed thehighest root length (19.51cm), root circumference (9.31cm), root to 
shoot ratio per plant (1.29) and fresh root yield (30.87 t ha-1). The highest root skin thickness (0.27 cm) was 
found in Miyasinge,the highest TSS (6.20 ºBrix) was observed in Mino Early Long White F1. Ivory White F1 
showed the highest ascorbic acid content (19.51 mg 100 g-1),dry matter of root (7.62 %) and score (8.36) from 
the consumers’ acceptability test for pungency. Ivory White F1 showed superior growth, yield and quality 
attributesunder shed net conditions.
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Introduction:

Radish (Raphanus sativus L.) is an important nutritious, 
quick growing and short duration root vegetable crop 
grown all over the world (Lavanya et al., 2014). It is a 
herbaceous annual or biennial plant which belongs to 
Brassicaceae family (Chandel et al.,2015).The young 
tender fresh root is sweet or pungent in taste, consumed 
either as a salad or cooked (Hamouda et al., 2014). 
Fresh leaves and root are a rich source of vitamin A and 
C, other minerals (Jilaniet et al.,2010) and antioxidant 
(Noreen &Ashraf, 2009). It is a suitable crop for both 
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open field and protected cultivation for year round 
supply (Mishra et al.,2010).

Radish is sensitive to temperature requirement; in 
general, it is adapted to a cool or moderate climate. 
In Terai of Nepal radish is grownfrom September to 
January as a winter season root vegetable crop (NARC, 
2017).But some Asian varieties resist more temperature 
as compared to European varieties. The temperature 
range from 20-23ºC promotes higher nutrient uptake 
and dry matter content (Nieuwhof, 1978). The water 
requirementof the crop increases and root may be 
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deformed when the temperature increases higher than 
25-30ºC. Similarly, long day with the hot weather 
results in early bolting before proper development 
of the root,making ithard, pithy and pungency is 
developed before maturity (Selvakumar et al, 2019). 
The pungency in radish is due to the presence of volatile 
isothiocyanate (trans- 4-methylthiobrate) which is 
considered to be an appetizer (Thoratet al.,2015).

It is a high demand salad vegetable crop throughout the 
year in the urban and cities due to changes in food habit 
of the people and massivelyincreased urbanization.
Demand and supply trend of vegetables is ashift from 
quantity to quality(Teyet al.,2009).Its trend is not 
only to obtain higher yield but also to maximize the 
quality of the produce as produce gets premium price. 
There are a number of factors like variety, growing 
environment and season, availabilities of irrigation 
and nutrition, disease and insect pest infestation etc. 
which play key role in quantity as well as quality 
production (Politud, 2016, NARC, 2017). The most 
important quality characteristics of root vegetables 
for fresh market are root shape and size,uniformity, 
color, texture and sensory quality (Larsen &Wold, 
2016). In Nepal, area under radish production is 18,250 
hectares and total production is 287,200 metric ton with 
average production of 15.74 metric ton per hectares. In 
Chitwan district, radish is cultivated in an area of 190 
hectares with total production of 2985 metric ton and 
productivity 15.71 t/h (MoALD, 2020).

There are several open pollinated and hybrid radish 
variety seeds available in the market, having different 
varietal characters such as root color, taste, length, size, 
yield potential and quality parameters. The growers are 
searchingfor the high yielding and varieties having good 
qualities every year.Farmers buy radish seed according 
to the information provided by the seed traders. The 
productivity and quality of these different varieties 
are not yet tested scientifically. This research focused 
on the selection of superior radish variety having high 
yield potential with better quality roots for off season 
(spring season) production under the shed net for plane 
areas of Chitwan, Nepal.

Materials and Methods:

A field study was conducted at the horticulture research 
farm of Agriculture and Forestry University Rampur, 
Chitwan, Nepal, during the mid of February to mid 

of April, 2018 for evaluation of radish (Raphanus 
sativus L.) varieties for yield and quality attributes 
under shade net. This experiment was laid out in a 
Randomized Complete Block Design (RCBD) with 
eight treatments and four replication. Eight varieties of 
radish including, five improved varieties (viz. Vedetar 
Local, Miyasinge, Tokinasi, Pusa Chetki, All Season) 
and three hybrid varieties (viz. Mino Early Long White 
F1, Ivory White F1 and MAHY 22 F1) were evaluated. 
Individualplot size of 1.5 m2 (1.5m × 1 m) were used.
Each plot comprised of 50 plants (5 rows a plot and 10 
plants a row). Two net houses of size 8m × 5m ×2m 
were used in such a way that each net house contained 
2 replications. Each replication (block) accommodated 
8 plots arranged in two columns of 4 plot each. The 
spacing of 0.25 m was kept between plots and 0.50 m 
between replications. Commercially availablegreen 
coloured 50% shade net was used as cladding materials 
and 30 mesh size insect net was used as side cover. 
All the varieties were randomized separately in each 
replication.The well decomposed Farm Yard Manure 
(FYM) at the rate of 20 t ha-1, Diammonium Phosphate 
(DAP) 108 kg ha-1, Muriate of Potash (MOP) 83 kg ha-

1, half of Urea 85 kg ha-1 and Borax 10 kg. ha-1were 
applied as basal dose. The remaining half dose of Urea 
85 kg ha-1 was applied as topdressing in two equal split 
doses on20 and 35 days after sowing (DAS). Irrigation 
was provided at regular interval and the field was kept 
free from weeds manually. The seeds were sown on line 
at a depth of 1.5 cm. and spacing between rows and 
plants was maintained at 20 and 15 cm, respectively. 
Thinning was done at 15 DAS by retaining one 
seedling per hill. The observations were recorded from 
ten randomly selected plants from the center of the 
plotdiscarding one row from both sides and two plants 
at each fronts. Observations were made on quantitative 
as well as qualitative traits such as: Plant height (cm), 
Number of leaves per plant, Shoot weight per plant (g), 
Rootlength (cm), Root circumference (cm), Root to 
shootratio, Total biomass yield t ha-1, Root yield t ha-1, 
Skin thickness (cm),Total soluble solids (TSS) of root 
(°Brix) and Ascorbic acid (mg 100g-1), Dry matter (%) 
of the roots and Consumer acceptability test. Yield (t 
ha-1) was calculated on net plot basis. The data obtained 
from selected plants were used to analysis of variance 
at 5% level of significance by using Statistical Tools 
for Agricultural Research (STAR), version: 2.0.1, 
2014 edition developed by International Rice Research 
Institute (IRRI).
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Result:
Growth parameters

There was significant difference in average growth 
parameters of different varietiesat the time of harvest 
(Table 1). The highest Plant height (43.91 cm) was 
recorded in Miyasinge and followed by Tokinasi (43.69 
cm).The lowest Plant height was recorded in Pusa 
Chetki (37.08 cm). 

Furthermore, the highest Number of leaves per plant 
was produced by MAHY 22 F1 (20.54) followed by 
Vedetar Local (20.25). The lowest Number of leaves 
per plant was produced by Pusa Chetki (11.05). 

In case of, Shoot weight the highest mean Shoot weight 
per plant (165.40g) was recorded in Miyasinge followed 
by Vedetar Local (127.15 g). Thelowest Shoot weight 
per plant (50.50g) was recorded in Tokinasi variety. 

Table 1. Growth parameters of different radish varieties at harvesting stages at Rampur, Chitwan, Nepal (2018)

Varieties Plant height (cm) Number of leaves per plant Shoot weight per plant (g) 

Vedetar Local 39.90ab 20.25a 127.15ab

Miyasinge 43.91a 18.00 ab 165.40 a

Tokinasi 43.69a 18.85 ab 50.50 c

Pusa Chetki 37.08b 11.05 c 53.50 c

Mino Early Long White F1 39.56 ab 19.15 ab 79.50 bc

Ivory White F1 40.41 ab 15.85 b 71.80 bc

MAHY 22 F1 38.60 ab 20.54 a 81.90 bc

All Season 42.73 ab 16.60 ab 79.70 bc

SEM ± 1.27 0.88 11.74

HSD (0.05) 6.0186 4.1819 55.7077

F-Test ** ** **

CV (%) 6.23 10.05 26.49

Means with same letter(s) within column do not differ significantly at p=0.05, SEM = Standard error of means, HSD 
= Honest Significant Difference, CV = Coefficient of variance, ** significant at 1% and * significant at 5% level of 
significance

Yield parameters

The yield parameters of different varieties were found 
to be significantly different (Table 2). The highest mean 
value of Root length per plant (19.51cm) was recorded 
in Ivory White F1 followed by Mino Early Long White 
F1 (18.86cm) while, the lowest Root length per plant 
(11.41cm) was found in Miyasinge at the time of 
harvesting. 

The differences among the varieties on Root 
circumference at harvest was found significantly 
different. The highest mean Root circumference 
(9.31cm) was recorded in Ivory White F1 followed 
by Mino Early Long White F1 (9.15 cm), which were 
at par with each other. Thelowest Root circumference 
(7.72 cm) was recorded in Vedetar Local variety. 

The highest Root to shoot ratio per plant (1.29) was 
recorded in Ivory White F1. The lowest Root to shoot 
ratio per plant (0.33) was recorded in Miyasinge.

The highest mean Biomass yield at harvest (73.22t ha-1) 
was recorded in Miyasinge while, the lowest Biomass 
yield (29.77 t ha-1) was recorded in Pusa Chetki.

The highest fresh Rootyield (30.87 t ha-1) was produced 
by Ivory White F1 followed by hybrid variety Mino 
Early Long White F1 (23.35 t ha-1) both being at par. 
Also, these were at par with MAHY 22 F1 (23.05 t 
ha-1). The lowest fresh Root yield (11.93 t ha-1) was 
recorded in Pusa Chetki.
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Table 2. Yield parameters of different radish varieties at harvesting stages at Rampur, Chitwan, Nepal (2018)

Varieties Root 
length (cm) 

Root 
circumference (cm)

Root to
 shoot ratio 

Total biomass
 yield (t ha-1 )

Root yield 
(t ha-1)

Vedetar Local 12.15 cd 7.72 c 0.40 ab 58.98 a 16.60 b

Miyasinge 11.41 d 8.81 ab 0.33 b 73.22a 18.08 b

Tokinasi 14.76 bcd 8.51 abc 1.23 ab 32.50b 15.67 b

Pusa Chetki 15.60 abc 7.99 bc 0.67 ab 29.77b 11.93 b

Mino Early Long White F1 18.86 a 9.15 a 0.89 ab 49.55ab 23.35 ab

Ivory White F1 19.51 a 9.31 a 1.29 a 54.80ab 30.87 a

MAHY 22 F1 17.66 ab 8.60 abc 0.87 ab 50.65ab 23.05 ab

All Season 16.34 ab 8.11 bc 0.85 ab 48.92ab 22.05ab

SEM ± 0.85 0.2239 0.27 5.56 3.45

HSD (0.05) 4.0488 1.062 0.90 26.36 11.58

F-Test ** ** * ** **

CV (%) 10.81 5.26 26.65 22.32 24.12

Means with same letter(s) within column do not differ significantly at p=0.05, SEM = Standard error of means, HSD 
= Honest Significant Difference, CV = Coefficient of variance, ** significant at 1% and * significant at 5% level of 
significance

Quality parameter

The quality parameters of different varieties were 
found to besignificantly different (Table 3). The highest 
mean Root skin thickness (0.27 cm) was recorded in 
Miyasinge followed by Pusa Chetki (0.21 cm). The 
lowest Root skin thickness per plant (0.15 cm) was 
found in both Tokinasi and All Season.

The highest TSS content of root (6.20ºBrix) was recorded 
in variety Mino Early Long White F1 followed by hybrid 
varietyIvory White F1 (6.12 ºBrix) while, the lowest TSS 
content of root (3.90ºBrix) was found in Tokinasi.

The highest content of Ascorbic acid (19.51 mg 100 g-1)
was found inIvory White F1 followed by Mino Early 
Long White F1 (19.16 mg 100 g-1), which were at par 
with each other. The lowest(13.58 mg 100 g-1) was 
recorded in Vedetar Local.

The highest mean Dry matter percent of root (7.62 %) 
was recorded in Ivory White F1 followed by MAHY 22 
F1(7.12%)while the lowest Dry matter percent of root 
(4.75%) was recorded in Pusa Chetki.

Table 3. Quality parameters of different radish varieties at harvesting stages at Rampur, Chitwan, Nepal (2018)

Varieties Skin thickness (cm) TSS (°Brix)
Ascorbic acid (mg 

100 g-1)
Dry matter 

(%)

Vedetar Local 0.18 ab 4.38 cd 13.58 d 6.63 abc

Miyasinge 0.22 a 4.33 cd 13.99 d 4.75 d

Tokinasi 0.13 b 3.90 d 16.01 c 6.50 bc

Pusa Chetki 0.21 a 4.72 bcd 18.35 ab 4.10 d

Mino Early Long White F1 0.19 ab 6.20 a 19.16 a 6.62 abc

Ivory White F1 0.17 ab 6.12 ab 19.51 a 7.62 a

MAHY 22 F1 0.15 ab 5.33 abc 17.39 bc 7.12 ab
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Varieties Skin thickness (cm) TSS (°Brix)
Ascorbic acid (mg 

100 g-1)
Dry matter 

(%)

All Season 0.13 b 4.45 cd 16.30 c 6.00 c

SEM ± 0.015 0.3 0.3 0.22

HSD (0.05) 0.074 1.4156 1.46 1.05

F-Test ** ** ** **

CV (%) 18.16 12.11 26.49 7.23

Means with same letter(s) within column do not differ significantly at p=0.05, SEM = Standard error of means, HSD 
= Honest Significant Difference, CV = Coefficient of variance, ** significant at 1% and * significant at 5% level of 
significance

Consumer acceptability:

Consumer acceptability was measured on the basis of 
organoleptic evaluation based on size, shape, colour and 
taste. The cumulative record of all the characters were 
used to determine the consumers’ acceptability. The 
result showed significant variation among the varieties.
Ivory White F1 had the highest degree of acceptability 
(8.56) followed by Mino Early Long White F1 and 
MAHY22F1 (Figure 1).

Fig.1. Consumers’ acceptability of radish varieties 

Discussion:

 Root shape and size, uniformity, color, texture and 
sensory quality are the important features for fresh 
market (Larsen & Wold, 2016).Premature bolting is 
main problem of radish production in Terai region of 
Nepal during spring and summer. It leads to inadequate 
root formation and root becomes hardy, pithy and 
develop pungency before reaching the table size due 
to long day along with high temperature. Chetri and 
Wangdi (2019) suggested that shade net houses are 
suitable for warm area for growing vegetables during 
the summer season. It helps to improve yield as well as 
quality of the vegetables (Shahak et al., 2008).

Shade nets play a positive role on the quality and 
the development of phytochemical component of 
fresh vegetables (Ilic et al., 2018). Growth and yield 
characters such as plant height, number of leaves per 
plant, shoot weight, root to shot ratio, root length, 
root circumference and yield of radish are governed 
by genetic makeup of the varieties as well as growing 
environment.Radish cultivated in spring season 
produced more leaves than those of the autumn and 
winter season crop (Akoumianakis et al., 2011). Root 
length with appropriate circumference is the most 
important quality indicator for consumer acceptance. 
Root shape influences the market price of the product 
(Reid and English 2000).

Differences in yield among the cultivars may be due to 
genetic factors and their interaction with environmental 
factors. The variations in yield among these eight 
varieties (Table 2) may be due to varietal difference, 
as all these varieties are tested under same soil, 
management and similar agro-climatic conditions. 

The significant variations in quality parameters were 
found from the evaluation of various radish varieties 
(Table 3). Mostly quantitative as well as qualitative 
traits are governed by the variation in genetic makeup 
of the individual variety but its degree is determined by 
complex interactions between environmental, genetic, 
and physiological factors (Kaneko, 2007; Tsuro, 2008). 
Highest content of Ascorbic acid,Dry matter percent of 
root and highest score from the consumer acceptability 
test was recorded in hybrid variety Ivory White F1 
which performed better under shade net house for off 
season production at Chitwan condition. Highest TSS 
content was recorded in hybrid variety Mino Early 
Long White F1. The variety Ivory White F1 showed 
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significantly superior growth, yield and quality 
attributes. Such differencesin TSS content in root of 
different radish varieties were also reported byPanwar 
et al. (2013), Dongarwar et al. (2017) and Priyanka et 
al. (2018). Likewise various researcher found variation 
in Root dry matter percent.Dhaliwal and Klair(2008) 
reported that maximum dry matter (5.51%) was in 
variety Mino Early Long White. Dongarwar et al. 
(2018) reported maximum dry matter (6.9%) in Arka 
Nishant variety. Mallikarjunarao et al. (2015) also 
reported maximum dry matter in Arka Nishant variety. 
The characteristic pungent flavor in radish is due to 
the presence of 4-methylthio-3-butenyl isothiocyanate 
(MTBITC). Consumer preferred the less pungent 
radish roots (Nakamura et al., 2008). The variations in 
skin thickness of root among different radish varieties 
might be due to genetic and/or environmental factors 
that affect the quality of the root. Higher concentrations 
of 4-methylthio-3-trans-butenyl isothiocyanate 
(MTBITC) werefound in the epidermal and sub-
epidermal layers of the root which caused the pungency 
of the root (Cooganet al., 2001).

The experiment shows no premature bolting in any 
of the varieties during the whole growing period. In 
agreement with our findings, Rajasekar et al. (2014) 
found that cultivation of winter vegetables including 
radish, during summer season is possible through shade 
net house cultivation with higher yield and quality 
roots. Cheema et al. (2004) reported that cultivation of 
off-season vegetable crops under shade net can produce 
higher yield, advance the maturity and reduce the 
incidence of insect pest attack which is in line with the 
findings of present study.

Conclusion:

Premature bolting before formation of edible size root 
is the main problem for radish production in plains of 
Nepal during spring and summer. In this study, Ivory 
White F1 performed betteramong the tested varieties. 
Thus, this variety is suggested for cultivation in plain 
areas of Nepal during spring and summer season under 
net house condition. However, further studies are 
suggested to confirm this finding.
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