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Abstract

Mutation breeding in crop plants such as brinjal (Solanum
melongena L.) is a successful approach in change of product
having narrow genetic base and to explore it a field experiment
was conducted toevaluate the effect of physical mutagen
such as gamma rays and chemical mutagens such as Ethyl
methane sulphonate (EMS) were used on two brinjal
genotypes namely Banarasi Gol and Kashi Taru. The seeds
were treated with different concentrations of gamma
irradiation (5, 10, 15 and 20 kR) and EMS (0.05, 0.10, 0.15 and
0.20%).The increasing concentration of mutagens was
recorded with a negative response on all growth and yield
attributes of both the genotypes which ultimately reduce
the yield. In this context the 5kR gamma rays and 0.05%
EMS concentration were recorded with superior values of
all characters in M2 generation. Early flowering and early
edible fruit maturity was observed under 5kR gamma rays
over all other treatments. The fruit yield per plant increased
by 19.87% and 20.30% of Banarasi Gol and Kashi Taru,
respectively under 5kR gamma rays over control. Lowest
value of all characters was recorded under 0.20% EMS as
compared to all other treatments including control. Thus it
can be concluded on present study basis that the increasing
concentration of mutagens were showed an adverse effect
for all characters.
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Introduction

Vegetables play a pivotal role in our diet as they are the
main source of some important supplements, especially
vitamins and minerals. Brinjal (Solanum melongena L.,
often known as Aubergine or eggplant) is a popular
vegetable crop produced all over the world, with a strong
presence in Asia (Meherunnahar and Paul 2009). Based
on production statistics, eggplant is the third most
important crop in family Solanaceae, after potato and
tomato. Brinjal (Solanum melongena L) is an important
vegetable crop of Indian origin. The wide range of
variation may have the way to bring out a kind of plant
architecture, which could enhance its quality, productivity
and impart disease resistance. The primary goal of a
vegetable breeder is to increase the crop yield, being a
complex character

Mutation is the process, in which genes are permanently
alternated under environmental conditions while being
transferred between generations. As an addition to these
alternations in nature, developing science also has
provided a chance for mankind to create artificial
mutations by using multi techniques. Chemical or
physical factors that lead to mutation are called mutagens
and living creatures that have had permanent hereditary
changes are called mutants.

Mutation breeding has been used effectively in the genetic
enhancement of different grain legumes utilizing solo
and combination treatments of various physical and
chemical mutagens (Laskar (2018) and Laskar et al.
(2019). Because of their direct or cumulative influence
on genetic background, induced mutations may be used
to generate better genotypes (Baisakh et al. 2011). Plant
breeders have a powerful weapon in the form of mutation
breeding in agricultural plants, especially in crops with a
limited genetic basis. Mutation breeding is a well trusted
strategy among traditional plant breeding tactics.
Radiations are the most effective means of inducing
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genetic variety in a short period of time. The development
of novel varieties with increased yield and nutritious
content through mutant breeding might be especially
helpful to the grower-consumer interaction. On the light
of above facts, the present investigation was carried
out to evaluate the effect of physical and chemical
mutagens on various genotypes of brinjal (Solanum
melongena L.) in M2 generation”. These parameters are
helpful in determining the effect of mutagens for further
mutation breeding programme.

Materials and Methods

The present experiment was conducted at Horticulture
Research Farm, Institute of Agricultural Sciences,
Banaras Hindu University, Varanasi during three
consecutive Rabi season of 2019-20 in randomized block
design (RBD) with nine treatments and three
replications. Two genotypes of brinjal crop were used
i.e. Banarasi Gol and Kashi Taru, spaced at 60cm × 45
cm. Physical mutagen like gamma rays and chemical
mutagen like EMS (CH3SO2OC2H5) were used in the
present treatments. The seed material was irradiated with
different 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 of gamma rays employed were 5,
10, 15, and 20 kR while concentrations of EMS (0.05,
0.10, 0.15, and 0.20 %) for 6 hours with repeated
stirring. Healthy, well- matured and untreated seeds were
used as control. A set of 350 seeds was used for each
dose/concentration including the control. Thereafter, the
treated as well as untreated seeds were sown in 30 cm
diameter earthen pots (50 seeds in each pot) for raising
the seedlings. When the seedlings developed 4 to 5 leaves,
were transplanted to well prepare experimental field in
a randomized block designs (RBD) in three replicates

for morphological studies. The row-to-row and plant-
to-plant distance was maintained at 60 cm and 45 cm,
respectively. Seeds from M1 plants were harvested
separately. For raising the M2 generation, 30 M1 plants
and 30 seeds from each plant were selected for each
treatment, including the control. Recommended
agronomical practices were employed for the preparation
of field, sowing and subsequent management of M2
generation in RBD. The data were recorded from five
randomly selected plants from each treatment of each
replication for seedling height, plant height (cm), no. of
primary branches, no. of branches per plant, days to
50% flowering, days to edible fruit maturity, no. of fruits
per plant, fruit length (cm), fruit diameter (cm) fruit
weight per plant, fruit yield per plant (kg/ha), and 1000
seed weight (g/ha). The data was averaged for
computation of per plant basis and all the data obtained
from experiment was statistically analyzed by using the
procedure given by Gomez and Gomez (1984).

Results and Discussion

Mutagenic effect on growth attributes: All the growth
attribute of both the genotypes of brinjal were presented
in Table no. 1 revealed that there was a significant
difference in all the characters. The seedling heights
under both the mutagens were lower than control for
Banarasi Gol and Kashi Taru. An increased in dwarfness
was observed in both the genotypes as the concentration
of mutagen increased. Plant height was maximum 51.93
and 55.28 cm under 5 and 10kR, respectively for
Banarasi Gol and Kashi Taru and it decreased as the
concentration of gamma rays increased. In both the
mutagens 0.20% EMS concentration achieved a
maximum plant height i.e. 35.76 and 43.12 cm of
Banarasi Gol and Kashi Taru, respectively. Number of
primary branches of Banarasi Gol was recorded an

Table 1: Growth attributes of Banarasi Gol, and Kashi Taru as affected by different mutagenic concentrations in M2
generation

Mutagenic          
Treatments 

Seedling height 
(cm) Plant height (cm) No. of primary 

branches 
No. of branches per 

plant 
Days to 50% 

flowering 
Days to edible fruit 

maturity 

 Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi Taru 

Control 8.87 9.87 37.03 53.31 2.09 2.04 6.09 8.56 48.70 53.68 23.47 18.52 
Gamma rays 

5 kR 7.59 8.65 51.93 47.27 2.93 3.49 9.12 11.69 43.01 45.92 19.09 14.53 
10 kR 7.11 8.10 51.53 55.28 2.48 3.06 8.07 10.83 46.92 49.84 19.84 15.08 
15 kR 6.78 7.82 48.40 53.17 2.40 3.05 7.59 10.69 48.04 50.72 21.18 16.14 
20 kR 6.52 7.56 45.07 52.04 2.31 2.95 6.69 9.87 43.59 49.54 23.52 18.78 

EMS 
0.05 % 8.24 9.19 43.70 47.60 2.71 2.66 6.59 8.80 45.87 44.37 20.47 16.15 
0.10% 6.81 7.91 43.27 44.09 2.49 2.16 6.31 7.77 46.81 48.51 21.42 16.68 
0.15% 5.73 6.49 41.61 44.06 1.86 1.91 5.98 7.41 49.2 49.91 23.03 19.00 
0.20% 5.10 5.66 35.76 43.12 1.54 1.59 5.79 7.08 50.28 54.73 23.97 19.27 
SEm± 0.32 0.43 1.97 1.87 0.23 0.27 0.26 0.42 1.48 1.65 1.08 0.82 

C.D.(0.05) 0.97 1.30 5.91 5.62 0.70 0.80 0.78 1.27 4.43 4.93 3.24 2.45 
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increased by 40.19, 18.66, 14.83 and 10.52%, while
Kashi Taru 71.07, 50.00, 49.50 and 44.60% under 5,
10, 15 and 20 kR, respectively over control. Under EMS
concentration both the genotypes followed a trend like
0.05% > 0.10 % > 0.15% > 0.20% in respect to number
of primary branches and number of branches per plant.
Kashi Taru was recorded higher number of branches
per plant than Banarasi Gol with maximum value of 11.69
under 5kR as compared to 9.12 in same treatment of
Banarasi Gol. Early 50% flowering and days to edible
fruit maturity is expected in best treatment response
and in this respect 5kR gamma rays was proved better.
The 50% flowering in Kashi Taru under 5kR was about
8 days earlier over control and 4 days earlier in days to
edible fruit maturity and it decreases as the concentration
of the mutagens. In the present study the increase or
decrease in value of characters differ from genotype to
genotype but it continuously decreased from lower to
higher concentration of mutagens in all genotypes was
common and this statement was supported by Makeen
and Babu (2010) who also reported that low rate gamma
application was more effective. Pushparajan et al. (2014)
and Shahab et al. (2018) conclude the similar result
where all the growth parameters showed a positive
response for lower doses of both physical and chemical
mutagens but the higher doses decreases these values
at the same time.

Mutagenic effect on yield attributes: Number of
fruits per plant of both the genotypes was higher in all
gamma rays treatments over control but in EMS
treatments only 0.05 and 0.10% were responsive over
control except 0.15 and 0.20% EMS. Number of fruits
per plant of Banarasi Gol was increased by 16.71, 11.21,
9.60 and 7.80% and Kashi Taru 15.70, 15.14, 12.36
and 9.85 % under 5, 10, 15 and 20 kR gamma rays
over control.The lower doses of gamma rays and EMS
were most effective than higher doses for fruit length

(cm), fruit diameter (cm) and fruit weight per plant
(g). The fruit length of Kashi Taru was higher than
Banarasi Gol while fruit diameter was higher in Banarasi
Gol than Kashi Taru.The fruit length of Banarasi Gol
was increased by 13.52% under 10 kR while increased
by 5.62% less than 5 kR over control. The treatment
with 0.05% EMS was recorded higher fruit length i.e.
9.53 and 19.25 of Banarasi Gol and Kashi Taru,
respectively except all other EMS concentrations. A
significant difference was observed in fruit diameter
and fruit weight per plant under various treatments. The
EMS concentration 0.10% was observed best with fruit
diameter of 7.21 and 3.27 cm of Banarasi Gol and Kashi
Taru, respectively except other doses of EMS. The fruit
weight per plant of Banarasi Gol was increased by 19.87,
16.34, 13.45 and 10.37% while Kashi Taru increased
by 20.30, 13.22, 11.25 and 10.27 % under 5, 10, 15
and 20 kR gamma rays, respectively over control. Under
EMS treatments 0.05% was most responsive than any
other treatments while lowest under 0.20% EMS
concentration. Amir et al. (2018) also observed a
decrease in the yield parameters viz., number of fruits
per plant, number of branches per plant and fruit weight
per plant as the concentration increases above 200 Gy
gamma rays and this result correlate with the result of
Ashadevi et al. (2017).

Mutagenic effect on yield of brinjal genotypes: The
data regarding the fruit yield per plant (kg.) and 1000
seed weight (g) of both the mutagens under
M2generation was presented in Table-3 and Figure 1
which revealed a significant difference in all the
treatments of both the characters. Both the mutagens
were beneficial and positively responsive for fruit yield
per plant but at the same the increasing dose of mutagens
showed a negative response for both the characters i.e.
fruit yield per plant and 1000 seed weight of Banarasi
Gol and Kashi Taru. The fount yield per plant of Banarasi

Table 2: Yield attributes of Banarasi Gol, Kashi Taru and Kashi Uttam as affected by different mutagenic concentrations in
M2 generation

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

Control 9.99 10.76 8.80 19.38 5.93 3.01 147.9 169.63 
Gamma rays 

5 kR 11.66 12.45 9.52 20.47 7.49 3.43 177.29 204.07 
10 kR 11.11 12.39 9.99 19.53 7.25 3.64 172.07 192.06 
15 kR 10.95 12.09 9.32 19.56 7.23 3.41 167.80 188.72 
20 kR 10.77 11.82 9.27 19.31 7.19 3.36 163.25 187.06 

EMS 
0.05 % 10.73 11.73 9.53 19.25 7.02 3.19 159.25 172.91 
0.10% 10.46 11.17 9.19 18.97 7.21 3.27 151.29 162.07 
0.15% 9.37 10.29 8.79 18.63 6.94 3.17 142.07 161.46 
0.20% 8.92 9.96 8.27 16.79 6.17 2.93 136.07 156.21 
SEm± 0.41 0.49 0.31 0.61 0.28 0.11 7.30 7.38 

C.D.(0.05) 1.23 1.48 0.94 1.84 0.85 0.33 21.89 22.14 
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Gol was increased by 43.20, 21.60, 15.43 and 12.34 %
while of Kashi Taru 47.19, 26.40, 8.98 of 8.42 % under
5, 10, 15 and 20 kR gamma rays, respectively over
control.  The fruit yield per plant of Banarasi Gol and
Kashi Taru was higher about 8.02 and 6.17 %,
respectively under 0.05% over control. Ati (2016) also
reported that gamma rays in lower dose were found
most effective in increasing yield of okra crop than
higher doses. 1000 seed weight of Banarasi Gol and
Kashi Taru was recorded maximum 3.56 and 3.91,
respectively under 5kR while it was lower in all other
treatment than control. All the EMS concentrations were
negatively responsive for 1000 seed weight of both the
genotypes of brinjal in M2 generation over control. The
finding of Laskar et al. 2018 support the findings of
present investigation where lower concentration of
gamma rays was found effective as well as EMS
mutagens than higher concentrations.

Conclusion

An important conclusion of the present research is that
the mutation breeding of vegetables crop like brinjal with
the help of gamma rays and EMS can improve the

Table 3: Brinjal fruit yield and 1000 seed weight of Banarasi
Gol, Kashi Taru and Kashi Uttam as affected by different
mutagenic concentrations in M2 generation

Fruit yield per plant 
(kg) 1000 seed weight (g) Mutagenic          

Treatments Banarasi 
Gol 

Kashi 
Taru 

Banarasi 
Gol 

Kashi 
Taru 

Control 1.62 1.78 3.50 3.81 
Gamma rays 
5 kR 2.32 2.62 3.56 3.91 
10 kR 1.97 2.25 3.12 3.73 
15 kR 1.87 1.94 3.05 3.51 
20 kR 1.82 1.93 2.51 3.10 
EMS 
0.05 % 1.75 1.89 3.06 3.28 
0.10% 1.72 1.76 2.91 3.03 
0.15% 1.63 1.67 2.43 2.46 
0.20% 1.51 1.58 2.22 2.32 
SEm± 0.08 0.10 0.15 0.20 
C.D.(0.05) 0.24 0.30 0.45 0.59 

 

Figure 1: Effect of different concentrations of mutagenic
treatments on fruit yield per plant (kg) of both the geno-
types.

growth and yield. A number of concentrations of
physical mutagen gamma rays and chemical mutagen
EMS were compared but the lower concentration i.e.
5kR gamma rays and 0.05% EMS was found best in
the studied aspects of brinjal crop. The higher doses of
mutagens were not effective either on growth
parameters or yield of crop. The flowering and fruit
maturity was also delayed by the application of higher
dose of mutagens.

Lkkjka'k

cSaxu ¼lksysue esyksatsuk ,y-½ Qly esa mRifjorZu iztuu ladh.kZ
vkuqokaf”kd vk/kkj okys mRikn ds ifjorZu esa ,d lQy nf̀’Vdks.k
gS vkSj bldk irk yxkus ds fy, xkek fdj.kksa vkSj jklk;fud
mRifjoR;Z tSls&HkkSfrd mRifjoR;Z ds izHkko dk ewY;kadu djus ds
fy, ,d {ks= iz;ksx fd;k x;kA cSaxu ds nks fdLeksa&cukjlh xksy
vkSj dk”kh r: ij ,fFky ehFksu ,YQksusV ¼bZ-,e-,l-½ dk mi;ksx
fd;k x;kA chtksa dks xkek fofdj.k ¼5] 10] 15 vkSj 20 ds-
vkj-½ vkSj bZ-,e-,l- ¼0-05] 0-10] 0-15 vkSj 0-20 izfr”kr½ ds
fofHkUu lkanzrk ds lkFk mipkj fd;k x;kA mRifjoR;ksZa dh c<+rh
,dkxzrk dks lHkh òf) vkSj mit ?kVdksa ij udkjkRed izfrfØ;k
ds ifj.kke izkIr gq, tks nksuksa fdLeksa ds mit dks de fd;sA bl
lanHkZ esa 5 ds-vkj- xzkek fdj.kksa ds rgr~ izkjfEHkd iq’iu vkSj “kh?kz
[kkus ;ksX; Qy dh ifjiDdrk ns[kh x;hA fdLe cukjlh xksy
vkSj dk”kh r: dh izfr ikS/k Qy mit esa Øe”k% 19-87 vkSj
20-30 izfr”kr dh òf) ik;h x;h tks 5 ds-vkj- xzkek fdj.kksa ds
fu;a=d ls FkhA fu;a=d lfgr vU; lHkh mipkjksa dh rqyuk esa
lHkh o.kksZa dk U;wure ewY; 0-20 izfr”kr bZ-,e-,l- ds rgr~ ntZ
fd;k x;k FkkA bl izdkj orZeku v/;;u ds vk/kkj ij ;g
fu’d’kZ fudkyk tk ldrk gS fd mRifjoR;Z dh c<+rh lkanzrk us
lHkh y{k.kksa ij izfrdwy izHkko fn[kk;kA
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