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Introduction 
 

In breeding programmes, creation of genetic 

variability is always the first step unless 

variation pre-exists. In the words of Altman 

(1999) “the release of new improved 

genotypes of classical breeding is now too 

slow to cope up with the demands and is 

considerably limited by the lack of natural 

genes that can be introgressed by genetic 

crosses”. Consequently, mutation breeding has 

become an increasingly popular and efficient 

mean to create genetic variability and 

supplementing existing germplasm for cultivar 
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A systematic and comparative study on mutagenic ability of different doses of ethyl 

methane sulphonate (EMS, an alkylating agent), gamma rays (an ionizing radiation) and 

EMS + gamma rays was carried out in a well-adapted desi chickpea variety HPG17. All 

mutagenic treatments were effective in inducing genetic variability. A proportional 

decrease in germination of mutagen treated seeds as well as subsequent plant survival was 

observed with increase in mutagen dose. Not only higher doses but combined treatments 

having low doses of EMS + gamma rays also reduced seed germination and plant survival 

with highest reduction in seed germination at 200 Gy + 0.05% EMS and in plant survival 

at 150 Gy + 0.05%. EMS appears to be better than gamma rays in induction of 

macromutations as maximum frequency of macromutants was at EMS (0.10%). Mutagenic 

effectiveness and efficiency was also studied to identify the most effective mutagen 

treatment. Overall EMS was more effective than the gamma rays and combination 

treatments as maximum effectiveness was observed at 0.05% and 0.10% EMS, 

respectively. The 300 Gy + 0.05% EMS had the highest mutagenic efficiency. 
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improvement. In some cases undesirable 

mutants have been combined with favourable 

ideotype for breeding purpose (Stubbe, 1959).  

 

Among pulses, chickpea (Cicer arietinum L.) 

is one of the most widely cultivated legume 

crop ranking second in area and third in 

production in the world with about 13.98 

million hectare area and production of about 

13.73 million tonnes in over 50 countries 

(FAO, 2017). Being a rich and cheap source of 

protein, chickpea helps to improve the 

nutritional quality of human diet and thus, 

plays a crucial role in food security in 

developing countries. Average global 

chickpea yield is far below its presumed 

potential and conventional breeding has not 

been able to increase the productivity as per its 

potential. This stagnation can be attributed to 

lack of sufficient variability for yield and its 

component traits, probably due to its 

monophyletic descendence from Cicer 

reticulatum and consequent vulnerability to 

biotic and abiotic stresses. Apprehensions 

regarding adaptability of available germplasm 

and association of linkage drag in wide 

hybrids coupled with arduous hybridization 

(Upadhyaya, 2015) make chickpea a potential 

crop for improvement through mutagenesis. 

Before starting any mutation breeding 

programme, knowledge of relative biological 

effectiveness and efficiency of various 

mutagens and their selection is essential to 

recover high frequency of desirable mutants 

(Smith, 1972). Mutagenic effectiveness is a 

measure of the frequency of mutations 

induced by unit dose of a mutagen, whereas 

mutagenic efficiency gives an idea of the 

proportion of mutations in relation to other 

associated undesirable biological effects such 

as gross chromosomal aberrations, lethality 

and sterility induced by the mutagen (Konzak 

et al., 1965). It is not necessary that an 

effective mutagen is also an efficient one 

(Gaikward and Kothekar, 2004). Synergistic 

and antagonistic effects may occur when 

various physical and chemical mutagens are 

used in combination. In the present study we 

report the comparative potential of EMS, 

gamma rays and combination doses of EMS + 

gamma rays for mutagenesis. 

 

Materials and Methods 

 

The dry seeds of HPG-17, a well-adapted desi 

chickpea variety in Himachal Pradesh were 

treated with gamma rays (50 Gy, 100 Gy, 150 

Gy, 200 Gy, 300 Gy and 400 Gy), EMS 

(0.05%, 0.10% and 0.15%) and all possible 

combinations of gamma rays (150 Gy, 200 Gy 

and 300 Gy) and EMS (0.05%, 0.10% and 

0.15%). In each gamma rays + EMS 

treatment, 150 seeds were used whereas the 

number of seeds was 245 to 1014 for gamma 

rays treatments. Gamma irradiation was 

carried out in gamma chamber 
60

Co gamma 

cell at Bhabha Atomic Research Centre 

(BARC), Mumbai. For treatment with EMS, 

seeds were first pre-soaked in distilled water 

for 14 hours at room temperature followed by 

immersion in freshly prepared EMS solution 

(0.05%, 0.10% and 0.15%, w/v) for three 

hours in a shaker. The treated seeds were 

washed for three hours to terminate the 

residual effect of the mutagenic chemical and 

were sown immediately after the treatment. 

For treatment with both gamma rays and 

EMS, the seeds were first irradiated with 

gamma rays followed by EMS treatment. The 

seeds were sown in 2 m rows with spacing of 

30 cm between rows and 10 cm between 

plants. The parent HPG-17 was used as 

control. For M1 generation, observations were 

recorded on per cent germination and per cent 

survival till maturity for each dose to calculate 

percentage reduction in seed germination and 

plant survival over control as per given 

formula: 
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Where, 

 

P = per cent population reduction over control 

SG%t = per cent seed germination in treatment 

SG%nt = per cent seed germination in control 

PS%t = per cent plant survival in treatment 

PS%nt = per cent plant survival in control 

 

M2 seed from M1 plants was harvested in 

April 2014 as single plant harvests and planted 

in the field in October 2014 as plant to row 

progenies with row of 2 m and spacing of 30 x 

10 cm (row to row x plant to plant). Seeds 

harvested from individual M1 plant in each 

dose/treatment were sown as an M2 family. 

The respective control and treatment 

progenies were screened several times for 

morphological mutations throughout the crop 

duration. Mutation frequency was calculated 

as percentage of mutated M2 progenies in each 

treatment. Mutation frequency was used to 

calculate the mutagenic effectiveness and 

efficiency by using the formula suggested by 

Konzak et al., (1965).  

 

Mf 

Effectiveness of the  

Chemical mutagen = --------------------- 

conc. * time 

 

Mf 

Effectiveness of the  

Physical mutagen = ------------ 

kR 

 

Mf 

Effectiveness of combination of  

Physical and chemical mutagen = --------------- 

conc. * time * kR 

 

Mf 

Efficiency of the chemical mutagen = ------- 

% BI 

Where, 

 

Mf = mutation frequency (plant basis) 

 

conc. = concentration of EMS in mM (0.05% 

= 4.027 mM, 0.1% = 8.054 mM, 0.15% = 

12.081mM) 

 

kR = gamma rays dose in kR (1 kR = GY/10) 

 

% BI = per cent biological damage 

 

To evaluate the effect of combination 

treatments on mutation frequency the data 

were analyzed using the formula adopted by 

Doll and Sandfaer (1969): (a) + (b) = 1/ k (a + 

b), where a and b stand for two treatments and 

k is a hypothetical interaction coefficient. The 

value of k should be one if the interaction is 

additive. Any deviation from this value should 

show synergistic or less than additive effects. 

 

Results and Discussion 

 

Reduction in germination of M1 seed was 

observed both in the individual as well as the 

combination treatments of mutagens (Table 1). 

The germination of seed treated with EMS 

varied from 39.33% to 46.00% depending 

upon the mutagen dose whereas for 

combination treatments the germination was 

38.0% to 58.67% as compared to 76.67% in 

control (Table 1). The germination of seed 

treated with gamma rays ranged from 40.30% 

(400 Gy) to 78.08% (50 Gy) as compared to 

80.90% in control (Table 1). The germination 

inhibition was dose dependent and a gradual 

decrease in germination over increase in the 

concentration/dose of mutagen was observed 

for gamma rays as well as EMS. Even, the 

lowest dose of EMS (0.05%) was inhibitory 

(40.0% inhibition) for chickpea germination. 

At 0.15% EMS, the germination inhibition 

was 48.70%. Compared to EMS, gamma rays 

were less inhibitory to germination at low 

doses e.g. 50 Gy (3.49% inhibition) and 100 
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Gy (11.58% inhibition), however, at a higher 

doses (200-400 Gy) germination inhibition 

(40.64% at 200 Gy, 50.19% at 400 Gy) was 

comparable to EMS doses (Table 1). Similar 

to germination, the mutagen treatments also 

affected the survival of germinated seedlings. 

The pattern of plant survival was similar to 

seed germination with less survival in case of 

EMS (69.45% to 73.32%) and more survival 

for gamma rays (72.65% to 92.22%) (Table 

1). In case of combination treatments survival 

did not show a specific pattern (99.72% at 300 

Gy + 0.05% EMS to 54.45% at 150 Gy + 

0.05% EMS) whereas for gamma rays, the 

survival was dose dependent showing a 

gradual decrease over increase in dose of 

mutagen (99.22% at 150 Gy, 72.65% at 400 

Gy). All EMS doses led to high reduction in 

survival over control (26.68% to 30.55%). At 

higher doses of gamma rays, per cent 

reduction in survival ranged from 7.78 (100 

Gy) to 27.35 (400 Gy) whereas for 

combination treatments, reduction in survival 

over control varied from 0.28% to 45.55%. 

Comparison of EMS and gamma rays revealed 

that germination as well as survival was less in 

case of EMS as compared to gamma rays.  

 

Decrease in germination over increase in dose 

of mutagens (EMS or gamma rays) was also 

observed by Giri (2014) in pigeonpea and 

Wani (2009) in chickpea. Similar to our 

observations, Wani (2009) also reported 

increase in lethality in some combination 

treatments (EMS + gamma rays). No dose 

dependent trend of increase or decrease in the 

mutation frequency, mutagenic effectiveness 

and mutagenic efficiency was observed (Table 

1). Maximum mutation frequency was at 

0.10% EMS (0.605%) followed by at 0.05% 

EMS (0.360%) with a minimum of 0.02% at 

300 Gy. Overall, the gamma rays had least 

mutagenic frequencies (0.02% at 300 Gy to 

0.120% at 200 Gy), the EMS had highest 

mutation frequencies (0.145% at 0.15% EMS 

to 0.605% at 0.10% EMS) whereas the 

mutation frequencies were moderate for the 

combination treatments with a maximum of 

0.344% at 300 Gy + 0.05% EMS. The most 

effective mutagen for chickpea was EMS with 

highest values of mutagenic effectiveness i.e. 

0.0298 at 0.05% EMS and 0.025 at 0.10% 

EMS while the least effective was 300 Gy + 

0.10 EMS with mutagenic effectiveness of 

0.0001. The effectiveness of lower doses of 

gamma rays (0.0062 at 150 Gy and 0.0060 at 

200 Gy) was more than higher doses (0.0007 

at 300 Gy and 0.0006 at 400 Gy). The gamma 

rays and combination treatments were not as 

effective as EMS alone. The 300 Gy + 0.05% 

EMS gave the maximum efficiency (1.228) 

followed by 150 Gy + 0.15% EMS (0.097) 

while minimum was observed in 400 Gy 

(0.0009). These results are in line with the 

results obtained by More and Borkar (2016) in 

Phaseolus vulgaris and Kharkwal (1998) in 

chickpea where EMS was found to be more 

effective than EMS + gamma rays. For 

combination treatments (EMS + gamma rays), 

results contrary to those obtained in the 

present study were reported by Wani (2009) 

and Kamble and Paril (2014) who testified 

combination treatments to be more effective in 

chickpea. 

 

EMS and gamma rays have been used 

extensively in inducing variability and their 

comparative effects have been explored 

(Pathania and Sood, 2007; Bhat et al., 2011; 

Shah et al., 2011). Exploration and 

exploitation of two mutagens acting together 

has also been studied since long e.g. 

combination of gamma rays and ethylene 

imine in barley (Valeva, 1965), thermal 

neutrons and diethyl sulphate in rice (Rao and 

Ayengar, 1964) and X-rays and EMS in barley 

(Favret, 1963). The superiority of chemical 

mutagen over physical mutagen as observed in 

our study has also been demonstrated by Patial 

et al., (2015) in ricebean, Kharkwal (1998) in 

chickpea, Girija and Dhanavel (2009) in 

cowpea. 
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Table.1 Effectiveness and efficiency of gamma rays, EMS and their combination treatments in M2 generation of  

Chickpea variety HPG-17 

 
Treatment Number of 

seeds 

treated 

Seed 

germinati

on in M1 

Per cent 

germinati

on in M1 

Correcte

d 

germinat

ion % 

% 

reduction in 

germination 

over control 

Plant 

survival 

in M1 

Relative per 

cent plant 

survival in 

M1 

Per cent 

reduction in 

survival 

over control 

Mutation# 

frequency 

Mutagenic# 

effectiveness 

Mutagenic 

efficiency  

0.05% EMS 150 69 46.00 60.00 40.00 45 69.45 30.55 0.360 0.0298 0.0118 

0.10% EMS 150 61 40.67 53.05 46.95 42 73.32 26.68 0.605 0.0250 0.0227 

0.15% EMS 150 59 39.33 51.30 48.70 39 70.39 29.61 0.145 0.0040 0.0049 

50 Gy 552 431 78.08 96.51 3.49 nd## - - - - - 

100 Gy 583 417 71.53 88.42 11.58 nd## - - - - - 

150 Gy 245 168 68.57 84.76 15.24 141 92.22 7.78 0.090 0.0062 0.0116 

200 Gy 1014 487 48.02 59.36 40.64 398 89.80 10.20 0.120 0.0060 0.0118 

300 Gy 567 268 47.27 58.43 41.57 212 86.92 13.08 0.020 0.0007 0.0015 

400 Gy 608 245 40.30 49.81 50.19 162 72.65 27.35 0.024 0.0006 0.0009 

150 Gy + 0.05% 

EMS 

150 88 58.67 76.52 23.48 45 54.45 45.55 0.192 0.0011 0.0042 

150 Gy + 0.10% 

EMS 

150 77 51.33 66.95 33.05 58 80.21 19.79 0.264 0.0007 0.0133 

150 Gy + 0.15% 

EMS 

150 75 50.00 65.21 34.79 68 96.55 3.45 0.337 0.0006 0.0977 

200 Gy + 0.05% 

EMS 

150 57 38.00 49.56 50.44 43 80.33 19.67 0.172 0.0007 0.0087 

200 Gy + 0.10% 

EMS 

150 60 40.00 52.17 47.83 40 70.99 29.01 0.136 0.0003 0.0047 

200 Gy + 0.15% 

EMS 

150 66 44.00 57.39 42.61 35 56.47 43.53 0.207 0.0003 0.0048 

300 Gy + 0.05% 

EMS 

150 63 42.00 54.78 45.22 59 99.72 0.28 0.344 0.0009 1.2286 

300 Gy + 0.10% 

EMS 

150 68 45.33 59.12 40.88 52 81.43 18.57 0.071 0.0001 0.0038 

300 Gy + 0.15% 

EMS 

150 70 46.67 60.87 39.13 64 97.36 2.64 0.200 0.0002 0.0758 

Control
*
 150 115 76.67 100.00  108 100.00 - - - - 

Control
*
 1100 890 80.90 100.00  810 100.00 - - - - 

#Calculated using mM values of EMS e.g. 0.1% = 8.054 mM, ##not determined, *Control for EMS and gamma rays + EMS treatments, ** Control for gamma 

ray treatments 
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Contrary to our study, there are reports 

showing that combination treatments were 

more effective and efficient in chickpea 

(Wani, 2009; Kamble and Paril, 2014). 

However, both the studies i.e., Wani (2009) 

and Kamble and Paril (2014) used higher 

EMS concentrations (0.10, 0.20, 0.30 and 

0.40%) than those used in the present study 

(0.05, 0.10 and 0.15%). 

 

The present study established that the 

chemical mutagen EMS was superior to 

gamma rays in reducing germination of 

treated chickpea seeds and subsequent 

survival of plants. Some of the combination 

treatments (EMS + gamma rays) were more 

effective than EMS for reduction in 

germination and plant survival. Similarly, 

EMS had higher mutation frequency and 

mutagenic effectiveness as compared to either 

gamma rays or EMS + gamma rays. In 

contrast to this, EMS + gamma rays were 

more efficient in mutation induction than 

EMS or gamma rays. 
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