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INTRODUCTION
Chickpea, Cicer arietinum L. belongs to sub-family Fabaceae 
(Papilionaceae) of a large family Legiminosae of dicotyledonous 
Angiosperm. It is a self-pollinated, diploid, annual leguminous crop.

Chickpea is classied into two broad categories, Desi and Kauli. Desi 
chickpea is usually small in size, angular in shape with dark seed color 
and rough seed coat. On the other hand, the Kabili chickpea has large 
beaked-shaped seeds with white or beige seed coat color. It is larger in 
size with smoother seed coat. Kabuli chickpea is mostly grown in the 
temperate regions, while the Desi chickpea is grown in the semi-arid 

1, 2tropics (Muehlbauer and Singh, 1987; Malhotra et al., 1987) . 
However, several varieties of Kabuli chickpea have been cultivated 

3successfully in the tropical regions (Gaur et al., 2005) .

Cicer arietinum L. is an autogamous plant with chromosome number 
ranges from 14 to 16 depending on their varieties. The chickpea 
genome is 738.09 Mb in size which indicates that 73.8 % of the genome 

4is apprehended in scaffolds (Varshney et al., 2013) . Mutation breeding 
is the most reliable technique for the improvement of genotype of crop 

 5plants (Roychowdhary and Tah, 2011)) . The quality of crop plants can 
be signicantly improved through mutation breeding (Adamu and 

6, 7Aliyu, 2007; Kharkwal and Shu, 2009) . This can be achieved by the 
induced mutagenesis (Khursheed et al., 2015; Manjaya and 

8, 9Nandanwar, 2007)  to improve varieties in cross breeding programme 
(Laskker et al., 2015; Khursheed et al., 2015; Khursheed and Khan, 

10, 11, 122016) .   

The work related to mutational studies of Desi and Kabuli Chickpea 
(Cicer arietinum L.) in Gaya District (Bihar) has not been carried out 
and hence the present investigation has been under taken to study the 

effect of Gamma radiation and Ethyl Methane Sulphonate (EMS) on 
the germination behavior and inhibition of germination in Chickpea.

MATERIALS AND METHODS
In the present investigation, fresh and healthy seeds of two varieties of 
Cicer arietinum viz. Desi (microsperma) and Kabuli (Macrosperma) 
were used for induction of mutation. Sixteen sets of seeds (one control 
and fteen for treatment) were selected and each set contained 50 
seeds. The fteen sets of seeds were treated separately with gamma 
radiations and Ethyl Methane Sulphonate (EMS), and the in vitro 
germination test was performed in Petri dishes to nalize the dose of 
physical and chemical mutagens. For this purpose, 30 seeds each of the 
two varieties of chickpea were plated separately in large Petri dishes in 
moist condition. The Petri dishes were incubated in the BOD incubator 

0at 27±2 C. Seeds of each of the two varieties of chickpea were treated 
separately with ve different doses Gamma radiations viz. 10 kR (100 
Gy), 15 kR (150 Gy), 20 kR (200 Gy), 25 kR (250 Gy) and 30 kR (300 

60 60Gy) with radio isotope Co in Co source chamber. Similarly, the 
seeds were treated with six different concentrations of EMS viz. 0.5 %, 
0.6 %, 0.7 %, 0.8 %, 0.9 % and 1.0 % for about six hours. The percent 
germination or inhibition of germination of each of the two varieties 
was recorded after the treatment with physical and chemical mutagens. 
The treated seeds were sown in plots of area 10 m X 15 m behind the 
open land area of Department of Botany, Magadh University, Bodh 
Gaya during chickpea growing season to raise M  generation. The 1

seeds of the two varieties were collected separately after harvesting 
and grown in next growing season to obtain M  generation, only the 2

biological inhibition caused by the physical and chemical mutagens 
was calculated in terms of percent of germination. The descriptive data 

2 were recorded in plants obtained in the M generation. The results 
obtained have been presented in Table-6 and 7. 
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ABSTRACT
Background: Chickpea, Cicer arietinum L. belongs to sub-family Fabaceae (Papilionaceae) of a large family Legiminosae of dicotyledonous 
Angiosperm. It is a self-pollinated, diploid, annual leguminous crop. Chickpea is classied into two broad categories, Desi and Kauli. Cicer 
arietinum L. is an autogamous plant with chromosome number ranges from 14 to 16 depending on their varieties. The chickpea genome is 738.09 
Mb in size.  To screen the germination percent and inhibition of germination in two varieties of Chickpea in response to Gamma radiation (γ) Aim:
and ethyl methane sulphonate (EMS).  Fresh and healthy seeds of two varieties of Cicer arietinum L. viz. Desi (microsperma) and Kabuli Methods:
(Macrosperma) were used for induction of mutation. Sixteen sets of seeds (one control and fteen for treatment) were selected and each set 
contained 50 seeds. The fteen sets of seeds were treated separately with gamma radiations and Ethyl Methane Sulphonate (EMS), and the in vitro 
germination test was performed in Petri dishes to nalize the dose of physical and chemical mutagens. For this purpose, 30 seeds each of the two 
varieties of chickpea were plated separately in large Petri dishes in moist condition. The Petri dishes were incubated in the BOD incubator at 

027±2 C. Seeds of each of the two varieties of chickpea were treated separately with ve different doses gamma rays viz. 10 kR (100 Gy), 15 kR (150 
60 60Gy), 20 kR (200 Gy), 25 kR (250 Gy) and 30 kR (300 Gy) with radio isotope Co in Co source chamber. Similarly, the seeds were treated with six 

different concentrations of EMS viz. 0.5 %, 0.6 %, 0.7 %, 0.8 %, 0.9 % and 1.0 % for about six hours.  The percentage germination and Results:
inhibition of seeds of both Desi and Kabuli chickpea after treatment of physical (Gamma radiation) and chemical (EMS) mutagens in both Petri 
dishes and Plots were studied in M1 generation. The results revealed that the percentage germination of both the varieties of seeds declined on 
increasing the radiation dose or concentration of EMS in both Petri dishes and Plots. The percentage inhibition of germination increased on 
increasing the dose of radiation or concentration of EMS in both Petri dishes and Plots.  It can be concluded that the genetic variability Conclusions:
in Desi and Kabuli Chickpea (Cicer arietinum L.) can be induced using physical and chemical mutagen for the improvement of agronomic traits.
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Treatments Plots

Desi Chickpea Kabuli Chickpea

Percent germination Percent inhibition Percent germination Percent inhibition

Control 97.5 ±0.16 2.5 ±0.07 98.5 ±1.14 1.5 ±0.02

10kR 96.3 ±0.17 3.3 ±0.06 97.8 ±1.17 2.2 ±0.09

15kR 86.7 ±0.13 13.3 ±1.05 92.5 ±1.15 7.5 ±1.05

20kR 82.8 ±0.11 17.2 ±1.03 85.6 ±1.12 14.4 ±1.12

25kR 76.6 ±0.17 23.4 ±1.10 79.5 ±1.25 20.5 ±1.16

1Table-6: Effect Of Gamma Radiations On Percent Germination And Inhibition In M  Generation In Plots And Petri Dishes
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RESULTS AND DISCUSSION
In the present investigation (Table-6 and 7), the percentage 
germination and inhibition of seeds of both Desi and Kabuli chickpea 
after treatment of physical (Gamma radiation) and chemical (EMS) 

1mutagens in both Petri dishes and Plots were studied in M  generation. 
The results revealed that the percentage germination of both the 
varieties of seeds declined on increasing the radiation dose or 
concentration of EMS in both Petri dishes and Plots. The percentage 
inhibition of germination increased on increasing the dose of radiation 
or concentration of EMS in both Petri dishes and Plots. In the 
experiments carried out in Plots, the germination percentage of Desi 
and Kabuli seeds was 97.5 % and 98.5 respectively in control. The 
percentage of inhibition of seed germination was only 2.5 % and 1.5 % 
respectively. The percentage of germination of both Desi and Kabuli 
seeds declined on increasing the dose of Gamma radiation. Similarly, 
the percentage inhibition of germination increased. When seeds were 
irradiated with a radiation dose of 10kR, the percentage of germination 
and inhibition in Desi and Kabuli seeds was 96.3 % / 3.7 % and 97.8 % / 
2.2 % respectively. The Gamma radiation at the dose of 30kR caused a 
decline in the seed germination to 71.5 % (Desi) and 73.4 % (Kabuli). 
This radiation dose caused 28.5 % and 26.6 % inhibition of 
germination of Desi and Kabuli seeds respectively (Table-6; Figure-7). 
A more or less similar trend of percent germination and inhibition of 
seeds of chickpea was recorded when the experiments were performed 
in Petri plates. A radiation dose of 30kR caused a decline in seed 
germination to 78.6 % and 75.5 % respectively in Desi and Kabuli. The 
percentage inhibition of germination at this dose of Gamma radiation 
was 21.4 % and 24.5 % in Desi and Kabuli seeds respectively (Table-6 
and 7).

In Chickpea, several mutants related to the growth habits were 
13 14reported by Laskar et al., (2015) , Toker and Cagirgan (2004) , Gaur 

15 16 17 and Gaur (2001) , Toker (2009) , Khan and Parveen (2011) and Khan 
18et al., (2004)  with the application of physical and chemical mutagens.  

Every individual gene is responsible for agronomic trait which can be 
mutated. Therefore, a wide spectrum of viable morphological mutants 
can be expected in mutation experiments (Tyagi and Gupta, 1991; 

19, 20, 21Konzak et al., 1969; Khurdeed and Khan 2016) .

CONCLUSIONS
From the present investigation, it can be concluded that the genetic 
variability in Desi and Kabuli Chickpea (Cicer arietinum L.) can be 
induced using physical and chemical mutagen for the improvement of 

agronomic traits. A linear dependence of observed percent of 
germination/ and or percent inhibition was observed with both the used 
physical and chemical mutagens.
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30kR 71.5 ±0.16 28.5 ±1.07 73.4 ±1.36 26.6 ±1.25
Petri dishes
Treatment Desi Chickpea Kabuli Chickpea

Percent germination Percent inhibition Percent germination Percent inhibition
Control 97.0 ±0.16 3.0 ± 0.08 98.0 ±1.10 2.0 ±0.07
10kR 96.5 ±0.11 3.5 ±0.25 98.0 ±0.7 2.0 ±0.06
15kR 85.8 ±1.07 14.2 ±1.14 90.7 ±1.07 9.3 ±1.02
20kR 84.6 ±1.15 15.4 ±1.16 86.8 ±1.15 13.2 ±1.12
25kR 81.5 ±1.26 18.5 ±1.15 80.6 ±1.25 19.4 ±1.26
30kR 78.6 ±1.35 21.4 ±30 75.5 ±1.06 24.5 ±1.35

Table-7: Effect Of Ethyl Methane Sulphonate (EMS) On Percent Germination And Percent Inhibition In M1generation In Plots And Petri 
Dishes

Plots
Treatment Desi Chickpea Kabuli chickpea

Percent germination Percent inhibition Percent germination Percent inhibition
Control 92.45 ±1.15 3.55 ±0.08 97.47 ±1.14 2.53 ±0.06
0.5 % EMS 92.45 ±1.17 7.55 ±1.05 94.35 ±1.17 5.65 ±0.09
0.6 % EMS 86.47 ±1.07 13.53 ±1.14 89.43 ±1.22 10.57 ±1.09
0.7 % EMS 77.65 ±1.25 22.35 ±1.17 82.45 ±1.08 17.55 ±1.15
0.8 % EMS 67.67 ±1.27 32.33 ±1.25 68.65 ±1.16 31.35 ±1.24
0.9 % EMS 62.35 ±1.32 37.65 ±1.34 63.25 ±1.24 36.75 ±1.32
1.0 % EMS 51.55 ±1.35 48.45 ±1.26 53.55 ±1.15 46.45 ±1.17
Petri dishes
Treatment Desi Chickpea Kabuli Chickpea

Percent germination Percent inhibition Percent germination Percent inhibition
Control 97.25 ±1.27 2.75 ±0.07 98.15 ±1.06 1.85 ±0.09
0.5 % EMS 91.75 ±1.35 8.25 ±0.08 93.25 ±1.08 6.75 ±0.60
0.6 % EMS 86.25 ±1.16 13.75 ±1.16 88.35 ±1.15 11.65 ±0.85
0.7 % EMS 75.35 ±1.27 24.65 ±1.12 80.25 ±1.14 19.75 ±0.87
0.8 % EMS 67.35 ±1.35 32.65 ±1.13 73.25 ±1.16 26.75 ±1.34
0.9 % EMS 61.36 ±1.21 38.64 ±1.75 67.35 ±1.17 32.65 ±1.26
1.0 % EMS 53.45 ±1.32 46.55 ±1.26 55.65 ±1.21 44.35 ±1.37
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