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Abstract

A field experiment was conducted at Horticultural Research
Farm, Department of Horticulture, Institute of Agricultural
Sciences, B.H.U., Varanasi, UP to investigate the effect of
different gamma rays and EMS concentrations on growth
and yield of brinjal genotypes in M3 generation. The
experimental material comprised of three genotypes of brinjal
i.e. Banarasi Gol, Kashi Taru and Kashi Uttam and the
different concentration of mutagens i.e. gamma rays (5, 10,
15 and 20kR) and EMS (0.05, 0.10, 0.15 and 0.20% EMS).
These mutagens were studied for growth, yield attributes
and yield of all three genotypes. The result recorded all the
growth and yield traits were decreased as the concentration
of both the mutagens increased. The 5kR gamma rays and
0.05% EMS was recorded superior with maximum value of
all characters in these treatments. The fruit yield per plant
was increased under 5kR by 39.77, 31.32 and 18.26 % and
under 0.05% EMS 6.62, 4.81 and 2.56% in Banarasi Gol, Kashi
Taru and Kashi Uttam, respectively over control. The overall
experimental findings showed that the seed treatments with
higher dose of mutagens were negatively responsive for all
characters including yield of genotypes.
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Introduction

Eggplant, often known as brinjal (Solanum melongena
L.; 2n = 2x = 24) belongs to the Solanaceae family. It
may be cultivated in a wide range of climatic conditions
and ecological zones. The genus Solanum belongs to

the Solanaceae family and is a vast and significant genus.
Brinjal is the most widely produced vegetable crop in
the world’s tropics and subtropics. It is widely grown
in India, Bangladesh, Pakistan, China, the Philippines,
France, Italy, and the United States. Eggplant (Solanum
melongena (L.)), often known as aubergine, is a
nightshade that belongs to the Solanaceae family. There
are 75 genera and about 2000 species in the Solanaceae
family. There are around 200 tuber-bearing and 1800
non-tuber-bearing species in the Solanum genus. Brinjal
is a vegetable that originated in India, which is also known
for its versatility (Concelin et al. 2004). It’s considered
a self-pollinated plant. Genetic variability is the initial
stage in plant breeding for crop improvement, and it is
instantly available for germplasm, which is thought to
be a reservoir of variations for many traits (Baghery et
al. 2016).

Tüylü et al. (2009) defined mutation as the process by
which genes are permanently altered under environmental
circumstances while being passed down through
generations. Physical mutagens provide a lower danger
than chemical mutagens since no procedures are required
to remove the mutagens from the material (Khan et al.
2000), and they are non-toxic and do not require
detoxification after use (Mba 2013). Mutations are
instruments for studying the nature and foundation of
plant growth and development, resulting in raw materials
for crop genetic modification (Adamu and Aliyu 2007).
Induced mutations in crops can quickly produce
heterogeneity in quantitative and qualitatively inherited
properties (Maluszynski et al. 1995 and Maduli and
Mishra 2007). One of the most important processes in
genetic research and selective breeding is mutagenesis.
Ionizing radiation and chemical mutagens are among the
mutagenic agents used to cause favourable mutations at
a high rate (Ahloowalia and Maluszynski 2001). The use
of effective mutagens is crucial for successful mutant
isolation. Ethyl methanesulfonate (EMS), a chemical
mutagen used in plant research, causes single base
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Control 9.13 10.97 11.52 39.25 53.31 75.17 2.24 2.71 2.02 6.24 8.82 9.55 46.53 48.23 68.24 22.30 17.23 17.90 
Gamma rays 
5 kR 8.07 11.67 10.91 54.27 62.92 79.58 3.16 3.71 3.51 9.16 11.86 11.93 42.88 46.82 66.04 18.12 13.23 15.70 
10 kR 7.58 12.47 13.79 53.56 58.98 77.26 2.94 3.31 3.28 8.33 11.36 11.80 43.10 45.57 67.87 18.67 13.82 16.25 
15 kR 6.69 11.36 13.18 50.58 56.93 76.53 2.67 3.24 3.16 7.68 10.93 11.10 48.26 48.12 68.50 20.02 14.90 18.57 
20 kR 5.79 12.25 13.59 48.54 55.54 77.02 2.63 3.13 2.59 6.74 9.96 10.65 44.81 50.27 71.74 22.50 17.52 19.50 
EMS 
0.05 % 5.98 12.87 14.29 48.05 55.94 75.43 2.63 2.95 2.43 6.59 8.94 9.83 45.26 45.51 65.20 19.33 14.85 16.73 
0.10% 6.09 10.35 12.27 45.92 53.79 73.39 2.39 2.18 2.37 6.47 8.91 9.56 45.91 47.38 67.57 20.25 15.40 17.13 
0.15% 6.59 10.85 12.79 44.12 44.09 72.26 2.01 1.97 2.09 6.14 7.56 8.75 46.38 49.72 70.11 21.83 17.40 18.65 
0.20% 7.79 11.57 13.38 38.47 43.12 68.82 1.65 1.89 1.85 5.88 7.22 7.89 50.19 51.18 72.41 22.83 18.67 20.17 
SEm± 0.44 0.43 0.50 2.07 2.38 2.28 0.28 0.26 0.21 0.33 0.42 0.49 1.40 1.21 1.37 0.82 0.70 0.80 
C.D.(0.05) 1.31 1.30 1.49 6.22 7.12 6.84 0.84 0.77 0.63 0.99 1.27 1.48 4.21 3.62 4.10 2.46 2.09 2.39 

 

Table 1: Growth attributes of Banarasi Gol, Kashi Taru and Kashi Uttam as affected by different mutagenic concentrations
in M3 generation

changes with various mutation spectra. In compared to
normal plants, these chemo mutagens cause a wide range
of morphological and yield structural characteristics
(Khan et al. 2009). The physical mutagen like gamma
rays was also used by different researchers and found
quite effective in improvement of various characters of
vegetables crops including legumes. Gamma rays, a kind
of intense electromagnetic radiation, are the most often
used mutagens due to their ease of use, excellent
penetration, repeatability, high mutation frequency, and
lack of disposal issues (Ariraman et al. 2016). An attempt
was, therefore, made in the present investigation to
investigate the effect of different gamma rays and EMS
concentrations on growth and yield of brinjal genotypes
in M3 generation.

Materials and Methods

Plant materials and treatments: The present trial was
conducted at Horticultural Research Farm, Department
of Horticulture, Institute of Agricultural Sciences, BHU,
Varanasi, Uttar Pradesh to investigate the effect of
different gamma rays and EMS concentrations on
growth and yield of brinjal genotypes in M3 generation.
The experimental material comprises of three eggplant
(Solanum melongena L.) genotypes Banarasi Gol, Kashi
Taru and Kashi Uttam. Physical mutagen like gamma
rays and chemical mutagen like EMS were used in the
present treatments. The seed material was irradiated with
different doses/ concentrations of gamma radiation at
the National Botanical Research Institute, Lucknow. The
source of Gamma irradiation used in the present study
was 60Co. The doses employed were 5, 10, 15, and 20
kR of gamma rays. EMS (CH3SO2OC2H5), an alkylating

agent having molecular weight 124.16 was used in the
present study. For the treatment of EMS, the seeds were
pre-soaked in distilled water for hours in order to make
them relatively more sensitive to mutagenic action. Pre
soaked seeds were treated with different concentrations
of EMS (0.05, 0.10, 0.15, and 0.20%) for 6 hours with
repeated stirring. After the chemical treatment, the treated
seeds were washed thoroughly in running tap water to
remove the residues of the chemicals. Healthy, well-
matured and untreated seeds were used as control. For
micromutational studies, the bulk sample of the seeds
of normal looking plants taken from all the treatments
of all the genotypes from M2 generation were sown in
M3 in randomized block design (RBD) with 3 replications
during Rabi season of 2020-21. The row-to-row and
plant-to-plant distance was maintained at 60 cm and 45
cm, respectively. Recommended agronomical practices
were employed for the preparation of field, sowing and
subsequent management of M3 generation.

Observations recorded: Five plants were randomly
selected from each plot and their average was calculated
for the different parameters needed.  The observations
were recorded on growth parameters for plant height
(cm), number of primary braches, number of branches
per plant, days to 50 percent flowering, days to fruit
maturity, yield parameters like fruit length (cm), fruit
diameter (cm), fruit weight per plants (g), fruit yield
per plant (kg) and 1000 seed weight. Irrigation was
applied as and when needed other plant protection
practices were also taken up for the control of insect
pest and decreases during crop duration. All the data
obtained from experiment was statistically analyzed by
using the procedure given by Gomez and Gomez (1984).



236 Singh et al.: Effect of gamma rays and EMS concentrations on growth and yield of brinjal

Results and Discussion

Growth attributes of various brinjal genotypes: All
the growth attributes of Banarasi Gol, Kashi Taru and
Kashi Uttam were presented in Table-1 which showed
that were significantly affected by both the mutagens.
The maximum seedling height of Banarasi Gol, Kashi
Taru and Kashi Uttam was 8.07 cm (5kR gamma rays),
12.87 cm (0.05% EMS) and 14.29 cm (0.05% EMS),
respectively. The range of plant height of Banarasi Gol
(34.47 to 54.27 cm), Kashi Taru (43.12 to 62.92 cm)
and Kashi Uttam varied from 68.82 to 79.58 cm under
various concentrations of both the mutagens. Number
of primary branches of all brinjal genotypes revealed
that, it was found maximum under gamma rays as
compared to EMS concentrations. The no. of primary
branches under 5 kR was highest with an increase of
41.07, 36.90 and 73.76%, for Banarasi Gol, Kashi Taru
and Kashi Uttam, respectively over control. The number
of primary branches and no. of branches per plant
decreased increasingly as the concentration of both the
mutagens increased of all three genotypes. Both days
to 50% flowering and days to edible fruit maturity was
considered best with lower value and both the values
were increased as the concentrations of mutagens
increased in all three genotypes. For all genotypes, the
EMS concentration of 0.20% was proved very poor
responsive in both the parameters. Similar result found
for days to 50% flowering by Balas et al. (2019). Aruna
et al. (2013) also observed a significant increase in the
number of branches, plant height and other growth
characters of eggplant (Solanum melongena L.) in
M3 generations  with  the  application  of  lower
concentration of gamma rays, Ethyl Methane Sulphonate
(EMS) and diethyl sulphate (DES).

Yield attributes of various brinjal genotypes: The
yield of brinjal genotypes i.e. no. of fruit per plant, fruit

length, fruit diameter and fruit weight per plants  were
presented in Table-2 revealed a significant difference in
all treatments but their respective values were decreased
as the concentrations of mutagens (gamma rays and
EMS) increased. The no. of fruits per plant of Banarasi
Gol ranged from 9.17 (0.20% EMS) to 12.58 (5kR),
Kashi Taru 10.16 (0.20% EMS) to 12.58 (5 kR), Kashi
Uttam, 9.37 (0.20% EMS) to 12.38 (5kR) in which the
lowest value was found under 0.20% EMS and highest
with 5kR gamma rays. The fruit length under 5kR
gamma rays was increased by 11.22, 7.50 and 6.30%
in Banarasi Gol, Kashi Taru and Kashi Uttam,
respectively over control. Both fruit length and fruit
diameter are an important deciding factor in ultimate
fruit yield. In respect to fruit diameter of Banarasi Gol
and Kashi Taru was followed a trend like
10kR>5kR>15kR>20kR of gamma rays treatments
while maximum fruit diameter of all genotypes under
EMS treatments found with 0.05% EMS. Fruit diameter
of Kashi Uttam under gamma rays followed a different
trend rather than two other varieties of i.e.
15kR>5kR>10kR>20kR but under EMS treatments the
maximum fruit diameter (8.42cm) was found with same
concentration (0.05%) as in two other genotypes. The
fruit weight per plant decreased with increasing
concentration of mutagens but it was highest in all
gamma rays treatments over control. The result found
in this experiment were partially agree with the findings
of Banerjee et al. (2018) and Patel et al. (2015) for fruit
length and fruit diameter of brinjal crop. The application
of lower concentration of mutagens like gamma rays
and EMS improved the yield attributes of brinjal like
fruit length, fruit diameter and fruit yield per plant (Aruna
et al. 2013).

Yield and 1000 seed weight of all brinjal genotypes:
The fruit yield per plant and 1000 seed weight of Banarasi

Table 2: Yield attributes of Banarasi Gol, Kashi Taru and Kashi Uttam as affected by different mutagenic concentrations in
M3 generation.

No. of fruits per plant Fruit length (cm) Fruit diameter (cm) Fruit weight per plant (g) Mutagenic          
Treatments Banarasi 

Gol 
Kashi 
Taru 

Kashi 
Uttam 

Banarasi 
Gol 

Kashi 
Taru 

Kashi 
Uttam 

Banarasi 
Gol 

Kashi 
Taru 

Kashi 
Uttam 

Banarasi 
Gol 

Kashi 
Taru 

Kashi 
Uttam 

Control 10.21 11.30 11.01 8.91 20.38 9.83 7.01 3.32 8.53 159.56 183.29 251.07 
Gamma rays 
5 kR 11.97 12.58 12.38 9.91 21.91 10.45 7.42 3.51 8.62 191.03 212.94 275.61 
10 kR 11.25 12.51 11.92 9.52 20.86 10.53 7.57 3.66 8.61 187.94 206.12 272.45 
15 kR 11.16 12.25 11.83 9.32 20.56 10.21 7.39 3.50 8.93 178.43 197.43 269.30 
20 kR 11.06 11.96 11.65 9.53 20.86 10.14 7.24 3.47 8.49 176.24 195.26 267.22 
EMS 
0.05 % 10.96 11.85 11.51 9.62 20.15 10.22 7.18 3.43 8.42 165.29 186.52 267.22 
0.10% 10.62 11.38 10.50 9.34 19.94 9.86 7.06 3.36 8.31 164.92 172.59 259.51 
0.15% 9.63 10.47 9.89 8.89 19.50 9.54 6.43 3.04 7.77 153.41 171.57 256.41 
0.20% 9.17 10.16 9.37 8.51 18.19 9.41 6.22 2.98 7.27 147.03 164.57 248.07 
SEm± 0.46 0.52 0.51 0.27 0.64 0.24 0.28 0.11 0.11 6.52 5.55 6.12 
C.D.(0.05) 1.37 1.56 1.53 0.81 1.93 0.71 0.83 0.33 0.33 19.54 16.64 18.36 
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Table 3: Brinjal fruit yield and 1000 seed weight of Banarasi Gol, Kashi Taru and Kashi Uttam as affected by different
mutagenic concentrations in M3 generation

Fruit yield per plant (kg) 1000 seed weight (g) Mutagenic 
Treatments Banarasi Gol Kashi Taru Kashi Uttam Banarasi Gol Kashi Taru Kashi Uttam 
Control 1.81 2.49 3.12 3.52 3.84 4.26 
Gamma rays 
5 kR 2.53 3.27 3.69 3.61 3.93 4.57 
10 kR 2.21 3.11 3.53 3.24 3.80 4.13 
15 kR 2.17 2.93 3.51 3.05 3.55 4.05 
20 kR 1.94 2.63 3.27 2.47 3.20 3.95 
EMS 
0.05 % 1.93 2.61 3.20 3.12 3.26 4.19 
0.10% 1.89 2.39 3.17 2.93 3.09 4.03 
0.15% 1.77 1.97 2.91 2.53 2.76 3.89 
0.20% 1.64 2.21 2.67 2.27 2.42 3.53 
SEm± 0.13 0.13 0.16 0.17 0.22 0.15 
C.D.(0.05) 0.40 0.39 0.48 0.50 0.67 0.46 

 
Gol, Kashi Taru and Kashi Uttam genotypes of brinjal
was presented in Table-3 and observed that both
characters were significantly differing under various
treatments. The fruit yield per plant was increased by
39.77 and 6.62 % of Banarasi Gol, 31.32 and 4.81 % of
Kashi Taru and 18.26 and 2.56 % of Kashi Uttam, under
5kR gamma rays and 0.05% EMS, respectively over
control. The fruit yield per plant of all the genotypes in
M3 generation followed a trend like 5>10>15>20kR
gamma rays and 0.05>0.10>0.15>0.20% EMS
concentrations. The EMS concentrations of 0.15% and
0.20% were showed a negative response over control
for fruit yield per plant of all three genotypes of brinjal,
while 0.05% showed contrast effect. All gamma rays
were showed a positive response over control for fruit
per plant with decreasing value with increasing
concentration. David et al. (2018) also conclude a similar
result that eggplant (Solanum aethiopicum L.) exposed
to 40 Gy and 60 Gy doses of gamma rays recoded with
maximum fruit yield per plant as compared to higher
dose like 100Gy. 1000 seed weight was found maximum
i.e. 3.61, 3.93 and 4.57g for Banarasi Gol, Kashi Taru
and Kashi Uttam, respectively with the treatments of 5
Gamma rays as compared to all other concentrations
of mutagens. In all three genotypes of brinjal, Kashi
Uttam was recorded with the maximum 1000 seed
weight. Amina et al. (2019) resulted that 50 Gy of gamma
rays enhanced the fruit yield per plant and 1000 seed
weight of eggplant than other treatments (0 and 100
Gy).

Conclusion

From the findings of this present experiment, it can be
concluded and suggested that the improvement in various
characters of brinjal crop including yield can be achieved
with appropriate dose of mutagens i.e. gamma rays and
EMS. The concentration of gamma rays 5kR and EMS

0.05% was showed best result for improvement of all
traits and yield was highest at this dose. Days to 50%
flowering and days to edible fruit maturity was attained
earlier under 5kR gamma rays and 0.05% EMS as
compared to control and other doses of mutagens and
in the same treatments long plant was recorded. It can
be concluded that higher dose of both the mutagens
effect all characters of brinjal genotypes in negative
directions and it also reached lower than control.

lkjka'k

Hkkjr esa cSaxu dh [ksrh vf/kd Å¡pkbZ okys {ks=ksa ds vykok lHkh
txgksa ij lqxerk ls dh tkrh gSA ;g ,d lCth Qly gS]
ftldk mRiknu phu ds ckn lcls T;knk Hkkjr esa fd;k tkrk gSA
orZeku le; esa cSaxu ds Qy gjs] cSaxuh] ihys vkSj lQsn jaxksa esa
mxk;s tkrs gSaA bldh [ksrh dks iwjs o"kZ vklkuh ls fd;k tk ldrk
gSA cSaxu lksysulh tkfr dh Qly gS] tks ewy :Ik ls Hkkjr dh
Qly gSA mRifjofrZr jlk;fud vkSj HkkSfrd mRifjorZu ;k
la;kstu }kjk izsfjr fd;k tk ldrk gSA lfCt;ksa dh Qlyksa esa
mRifjorZu }kjk mPp mit] fofHkUu foVkfeu lkexzh esa òf)] ijkx
dh O;ogk;Zrk vkSj fofHkUu izdkj dh chekfj;ksa ds izfrjks/k dks izkIr
fd;k tk ldrk gSaA orZeku v/;u esa lq/kkj ds lkFk lCth Qlyksa
esa mRifjorZu iztuu lQyrkvksa dh leh{kk dh xbZ gSA orZeku
iz;ksx ls ;g fu"d"kZ fudyrk gS fd mit lfgr cSaxu dh Qly
ds fofHkUu y{k.kksa eas lq/kkj E;wVktsu dh mfpr ek=k tSls xkek
fdj.kksa vkSj bZ-,e-,l- ds lkFk izkIr fd;k tk ldrk gSA xkek
fdj.kksa dh lkanzrk 5 ds-vkj- vkSj 0-05 izfr'kr bZ-,e-,l- lHkh
y{k.kksa esa lq/kkj ds fy, lcls vPNk ifj.kke n'kkZ;k vkSj bl ek=k
ij mit mPpre FkhA fu;a=.k vkSj E;wVktsu dh vU; [kqjkd dh
rqyuk esa 50 izfr'kr Qwy vkSj [kk| Qy ifjiDork ds fnu igys
5 ds-vkj- xkek fdj.kksa vkSj 0-05 izfr'kr bZ-,e-,l- ds rgr izkIr
fd, x, Fks vkSj mlh mipkj esa vf/kdre ikS/k yEckbZ Hkh izkIr
gqbZA blls ;g fu"d"kZ fudkyk tk ldrk gS fd nksuksa mRifjorZtuksa
dh mPp ek=k cSaxu izHksnksa ds lHkh y{k.kksa dks udkjkRedrk fn'kkvksa
esa izHkkfor djrh gS vkSj ;g fu;a=.k ewY;ksa ls Hkh de ik;h
x;hA
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