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ABSTRACT 

Seeds of Brassica juncea L. cv. BIO 902 were treated with EMS (0.5%) and gamma 
rays (900-1300 Gy) with the objective to study the variability for qualitative and quantitative 
traits, to isolate morphological and economical mutants and to elucidate the information 
on the effectiveness and efficiency of mutagens in M, generation. Reduced germination 
and increased seedling mortality was observed in M, and M, generation. The variability in 
treated population was more than control for all the qualitative and quantitative characters. 
Mutation frequency increased with the increase in doses of gamma rays alone and 
combination treatment of gamma rays and EMS. Morphological mutants viz., varigated, 
early and late maturing, branched, appressed, tall and dwarf were identified. These mutants 
were isolated from all the treatments of gamma rays (900 -1300 Gy) and combination 
treatment of gamma rays and EMS (0.5%) in BIO 902 variety. In general combination 
treatment of gamma rays and EMS showed higher mutagenic effectiveness than gamma 
rays alone in BIO 902 variety. The 1300 Gy gamma rays were found to be most effective and 
efficient to induce wide range of mutati 
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INTRODUCTION 

Indian mustard (Brassica juncea) is one of the 

important oilseed crops in India after groundnut.It is also 

called ‘rai’, ‘raya’, or ‘laha’. Indian mustard belongs to family 
cruciferae (Syn. Brassicaceae) and genus Brassica with 
chromosome number 2n=36.Mustard is predominantly grown 

in India for extraction of oil. Oil content of Indian mustard 

varies from 38 - 48%.Mustard is grown in more than 50 

countries of Asia, Europe, America and Australia covering 
about 25 million ha area with a total production of about 40 

million tonnes.In India, area under mustard cultivation is 

60.12 lakh hectares producing about 62.82 lakh tones of 

seeds with average productivity of 1145 kg ha 
(Anonymous, 2015). Area under mustard cultivation in 

Maharashtra was 12000 hectares with the production of 

4000 tones and average productivity of 310 kg ha'' 
(Anonymous, 2015a). In Vidarbha, area under cultivation is 

685 ha with the production of 335 tones and productivity of 

382 kg ha'! (Anonymous, 2015b). 
Itis well known that improvement of plants through 

conventional breeding methods is slow, time consuming 
and labour-intensive. Non conventional genetic 

improvement programs based on mutation induction, e 

culture and molecular genetics are essential tools of breeding 
programs.Induced mutations have been accepted as useful 
tool in a plant-breeding programme.One of the most 

important role of mutation breeding is the creation of genetic 

variability in quantitative traits in various crop plants (Shah 
et al., 1990). The variability, thus created, enhances the 

in mustard. 

chances for selection of new genotypes with desired 

characteristics. 

Mutagenesis provides a unique opportunity for 

the improvement of oleiferous Brassica. Physical and 

chemical mutagens have been successfully used in rapeseed 

and mustard to evolve new varieties with improved 

economic traits. Combination of physical and chemical 
treatment used in other crops (Rakow and Raney, 2003) has 

indicated the higher frequency of mutations in combined 

treatmentsas compared with the separate ones. 

The present studies were conducted to compare 
the relative effectiveness of gammarays alone and in 

combination of gamma rays and ethyl methane sulphonate 

to induce genetic variability in the mustard (cv. BIO 902) 

and to isolate the genotypes with improved characters. 

MATERIALS AND METHODS 

Dry healthy and genetically pure seeds of Brassica 
Juncea cv. BIO 902 were divided into six lots of 300 seeds 

each for giving the gamma rays treatment separately. These 

600 seeds of selected variety were subjected to irradiation 

with 900,1000,1100,1200 and 1300 Gy (Co®at BARC). The 

300 seeds of each treatment were treated with 0.5% aqueous 

solution of EMS after pre-soaking with sterilized distilled 

water for 12 hours. 
The treated seeds along with one control of dry 

and another of water soaked were sown in the field to raise 

M, generation in non replicated trial. M, generation was 

screened for different morphological mutants and seeds from 
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each M, generation were harvested separately. 
M, generation was raised in rabi 2015. Twelve 

treatments included, different doses of gamma rays alone 

and combination of gamma rays and EMS along with control 

of mustard variety BIO 902. 30 M, plants were selected at 

random per treatment to record the observations on yield 

and yield components. Mean, Standard deviation, variance, 
coefficient of variation, mutagenic efficiency and 

effectivenesss were calculated by the formula suggested 

by Konzak et al. (1965). 

RESULTS AND DISCUSSION 

Data regarding germination % showed that reduced 

germination % in all the treatment was observed in M, 

generation as compared to control (Table 1). Treatment 1200 

Gyrecorded the highest reduction in germination % (21.24%), 

while it was the lowest in treatment 0.5% EMS + 900 Gy 

(11.45%). The germination % in control was 80.65% and 

81.21% respectively.In M, generation, germination 

decreased in all the treatments except 0.5% EMS + 1200 Gy 

as compared to control. The data revealed an increase in 

germination in M, as compared to M, generation in all the 
treatments except 0.5% EMS + 1200 Gy. In M, reduction in 

germination percentage was highest in 0.5% EMS + 1200 

Gy (25.28%), while the lowest in 900 Gy (1.68%) as compared 
to control (87.35%, 91.43%). 

Data regarding germination indicated that gamma 

rays alone and combination treatment of gamma rays and 

EMS reduced the germination % in M, generation. The 

germination % increased in M, generation as compared to 

M, in gamma rays alone and combination treatment of 

gamma rays and EMS. Similar to this result, decrease in 
percentage of germination with high dose of gamma rays 
was also reported by Yasin and Aly (2014). 

Data regarding mortality showed that in M, 

generation the highest mortality was recorded in 0.5% EMS 

+ 1300 Gy(9.81%), while the lowest was observed in 900 Gy 

(2.39%) as compared to their controls untreated and water 

soaked (1.34% and 2.35% respectively). Increase in mortality 
was found with the increase in concentration of gamma 
rays in BIO 902 variety except in treatment 0.5% EMS + 1100 
Gy.In M, generation, maximum mortality was recorded in 

1300 Gy(4.87%), while minimum was in 1000 Gy (0.98%). 

Table Irevealed that the mortality increased in M, generation 

as compared to control. In M, generation mortality per cent 

increased with increase in the doses of gamma rays alone 
and combination treatment of gamma rays and EMS except 
in 0.5% EMS + 1100 Gy (8.47). Butin M, generation there 

was no specific trend. This indicates the BIO 902 variety 

responded differently to different concentration of 

mutagens.Voice et al. (2004) observed greater mortality in 

mustard (Brassica juncea), when treated with EMS, DES 

and gamma rays than control. 

Data regarding the mean value for days to maturity 

was found to decrease in all the treatments of gamma rays 

alone, but increased in all the combination treatments of 
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gamma rays and EMS except 0.5% EMS +900 Gy (120.17) 

and 0.5% EMS + 1200 Gy(120.67) than control (121.50 

and121.00). The maximum mean value for the character was 

observed in 0.5% EMS + 1300 Gy(144.07) and minimum in 

1000 Gy(116.23) in BIO 902 variety. Maximum variation was 

found to be in 0.5% EMS + 1300 Gy (51.61%). while the 

minimum in 1300 Gy (18.49%).From table 2 it is seen that, 

treatment with gamma rays resulted in early maturity in 900 

Gyto1300 Gy only, while combination treatment of gamma 

rays and EMS resulted in early maturity in 0.5% EMS +900 
Gy (120.17) and 0.5% EMS + 1200 Gy (120.67) and late 

maturity in0.5% EMS + 1000 Gy (124.17),0.5% EMS + 1100 

Gy(121.83) and 0.5% EMS + 1300 Gy (144.07)than control 

(121.50 and 121.00).Khatri et al. (2005) reported early maturity 
with the increase in dose of EMS and gamma rays. 

The data regarding the plant height showed that 

plant height increased in all the treatments. Maximum plant 

height was observed in1100 Gy (157.13cm), while the 

minimum was in0.5% EMS + 900 Gy (128.97cm) of BIO 902 

as compared to control (114.00cm and 122.20cm).The 

coefficient of variation for plant height increased in all the 

treatments. The maximum variation was in 0.5% EMS + 1200 

Gy (51.65%) followed by0.5% EMS + 1300 Gy (51.28%) and 

minimum in 1300 Gy (23.59) as compared to control (19.26% 

and11.08%) respectively (Table 3).The mean height in 
general, increased significantly due to gamma rays alone 

and gamma rays in combination with EMS.Thagana et 

al.(2006) showed similar result on treatment with gamma 

rays, which resulted in tall plants, in contrast reduced plant 

height was reported by Malek ez al. (2012). 

Data regarding number of branches plant ' revealed 

that the highest mean value for the number of branches 

plant”! was in 1000 Gy (6.40) and the lowest in 0.5% EMS + 

1200 Gy (3.40). In general the number of branches plant’! 

increased in all the treatments of gamma rays alone, but 

decreased in combination treatment of gamma rays and EMS 
as compared to their control (4.20 and 5.60). The variability 

studies showed that the coefficient of variation increases 

against their control in all the treatments. The highest 

variation was recorded in 0.5% EMS + 1200 Gy (57.88%). 

Increase in number of branches plant' was observed in 

treatment with physical mutagens than combination of 

physical and chemical mutagens as compared to control 
(Table 4). Yaqoob and Ahmed (2003) observed that there 

was no consistency in the number of branches in response 

to the increase in radiation dose. Mutant showed 

significantly more number of branches. 
Data on number of siliqua plant'(Table 5)revealed 

that the highest mean value for number of siliqua plant™’ 

was in 0.5% EMS + 1100 Gy (91.00) and the lowest in 0.5% 

EMS + 1000 Gy(59.13). The coefficient of variation for the 

character increased in all the treatments as compared to the 

controls. The highest variation was noticed in 1200 Gy 

(77.27%) and the lowest in 1000 Gy(45.90%). Both gamma 

rays and EMS proved to be effective in increasing the 
number of siliqua plant”. The variations were induced by 

both the mutagens. Hassan and Haleem (2014) observed
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Table 1. Effect of different treatment of EMS and gamma rays on germination and mortality 

per cent of variety BIO 902 in M, and M, generation 

Treatments Germination (%) Mortality (%) 

M, M, M, M, 

T, Control (untreated) 80.65 87.35 147 0.78 

T3900 Gy 68.58 8571 239 118 

T1000Gy 66.39 81.36 375 0.98 

T;51100 Gy 60.57 7746 598 342 

Ts1200 Gy 59.41 76.10 9.22 3.04 

T;1300 Gy 60.46 74.93 9.76 4.87 

T-Control (Water soaked) 81.21 91.43 213 0.94 

T30.5 % of EMS+900 Gy 69.76 82.31 7.07 239 

To0.5 % of EMS+1000 Gy 64.33 79.75 8.65 1.74 
T150.5 % of EMS 1100 Gy 65.89. 81.59 847 410 

T1n0.5 % of EMS 1200 Gy 66.72 66.05 928 395 

T1:0.5 % of EMS 1300 Gy 61.55 78.04 981 4.77 

Table 2. Effect of different treatments of EMS and gamma rays on days to maturity (days) 

plantof variety BIO 902 in M generation 

Treatments Range Mean Variance SD CV% 
T, (control Untreated) 7.00 121.50 6.72 259 213 

T, (control Water soaked) 7.00 121.00 533 231 191 

Ts (900 Gy) 35.00 121.03 2709.67 52.05 43.01 
T, (1000 Gy) 15.00 11623 199871 4.71 3846 
Ts (1100 Gy) 20.00 11843 2232.08 47.24 39.89 
Ts (1200 Gy) 20.00 119.00 153939 39.24 3297 
T; (1300 Gy) 25.00 119.27 486.45 22.06 18.49 
Ts (0.5% of EMS and 900 Gy ) 10.00 120.17 1549.12 3936 3275 
To (0.5% of EMS and 1000 Gy) 35.00 124.17 102296 31.98 2576 
Tyy (0.5%of EMSand 1100 Gy) 40.00 12183 325833 57.08 46.85 
Ty (0.3%of EMS and 1200 Gy) 25.00 120.67 378092 61.49 5096 
Ty, (0.5% of EMS and 1300 Gy) 13.00 119.33 368033 60.67 51.61 

Table 3. Effect of different treatments of EMS and gamma rays on plant height (cm) of variety 

BIO 902 in M, generation 

Treatments Range Mean Variance SD CV% 
T, (control Untreated 65.00 114.00 48222 21.96 19.26 
T, (control Water soaked) 47.00 122.20 183.29 1354 11.08 

Ts (900 Gy) 46.00 141.30 4334.48 65.84 46.59 
T, (1000 Gy) 75.00 155.20 3250.68 57.01 36.74 
Ts (1100 Gy) 87.00 15713 432275 65.75 41.84 
Ts (1200 Gy) 72.00 151.53 281215 33.03 35.00 
T; (1300 Gy) 106.00 143.80 1150.54 33.92 2359 
Ts (0.5% of EMS and 900 Gy ) 72.00 12897 2102.65 4585 3556 
To (0.5% of EMS and 1000 Gy) 65.00 13630 1362.82 36.92 27.08 
Tyy (0.5%of EMSand 1100 Gy) 85.00 142.53 4688.16 68.47 48.04 
Ty (0.3%of EMS and 1200 Gy) 75.00 143.67 5506.01 74.20 51.65 
Ty, (0.5% of EMS and 1300 Gy) 45.00 143.13 5386.40 73.39 5128 
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Table 4. Effect of different treatments of EMS and gamma rays on number of branches plant’of 

variety BIO 902 in M, generation 

Treatments Range Mean Variance SD CV% 

T, (control Untreated 3.00 4.20 1.07 1.03 2459 

T, (control Water soaked) 4.00 5.60 1.60 1.26 2259 

T5(900 Gy) 5.00 5.07 6.15 248 4893 
T,(1000 Gy) 5.00 6.40 7.14 267 4175 
Ts (1100 Gy) 4.00 457 4.49 212 46.41 
Ts(1200 Gy) 6.00 5.03 438 2,09 41.56 
T,(1300 Gy) 6.00 543 2.86 1.69 3115 
Ts(0.5% of EMS and 900 Gy ) 6.00 493 4.60 214 4347 
To(0.5% of EMS and 1000 Gy) 4.00 3.60 1.73 131 3649 
Ty (0.5% of EMS and 1100 Gy) 5.00 357 3.87 197 5519 
Ty (0.5% of EMS and 1200 Gy) 5.00 3.40 387 197 5788 
T2 (0.5% of EMS and 1300 Gy) 3.00 373 3.96 1.99 5331 

Table 5. Effect of different treatments of EMS and gamma rays on number of siliqua plantof 

variety BIO 902 in M, generation 

Treatments Range Mean Variance SD CV% 
T, (control Untreated 31.00 3710 82.99 9.11 2455 

T, (control Water soaked) 49.00 350 27894 16.70 3839 

T5(900 Gy) 128.00 7443 182035 42,67 5732 
T,(1000 Gy) 100.00 91.00 174459 41.77 4590 
Ts (1100 Gy) 132.00 8910 2036.30 4513 50.65 
Ts(1200 Gy) 280.00 66.83 2667.00 51.64 7727 
T,(1300 Gy) 112.00 6373 1002.96 31.67 49.69 
Ts(0.5% of EMS and 900 Gy ) 158.00 7487 2012.54 44.86 5992 
To(0.5% of EMS and 1000 Gy) 148.00 6443 1648.70 40.60 3.02 
Typ (0.5% of EMS and 1100 Gy) 110.00 7383 1840.21 42.90 5810 
Ty (0.5% of EMS and 1200 Gy) 92.00 5913 1340.81 36.62 61.90 
T2 (0.5% of EMS and 1300 Gy) 115.00 7253 1916.76 43.78 60.36 

Table 6. Effect of different treatments of EMS and gamma rays on 1000 seed weight (g) 

plant! of variety BIO 902 in M, generation 

Treatment Range Mean Variance SD CV% 

T, (control Untreated 2.00 298 0335 0.50 19.81 

T, (control Water soaked) 1.70 321 042 0.65 2027 

T5(900 Gy) 1.80 355 249 158 44.41 
T,(1000 Gy) 2.00 332 1.74 132 39.70 
Ts (1100 Gy) 230 347 226 150 4329 
Ts(1200 Gy) 1.80 343 149 122 3559 
T,(1300 Gy) 2.50 327 0.70 0.83 2551 
Ts(0.5% of EMS and 900 Gy ) 1.90 339 1.88 137 4043 
To(0.5% of EMS and 1000 Gy) 2.50 351 129 114 3240 
Typ (0.5% of EMS and 1100 Gy) 2.50 337 2.79 1.67 4958 
Ty (0.5% of EMS and 1200 Gy) 1.70 385 401 2.00 5198 
T (0.5% of EMS and 1300 Gy) 240 301 253 159 5292 
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Table 7. Effect of different treatments of EMS and gamma rays on seed yield plant” of variety BIO 902 in M, 

generation. 
Treatment Range Mean Variance S.D CV% 

T, (control Untreated) 193 314 042 065 20.72 

Ty (control Water soaked) 317 345 1.5 107 31.08 
T5(900 Gy) 1020 5.90 13.35 365 61.98 

T4(1000 Gy) 848 729 1336 3.66 5015 
T5 (1100 Gy) 1232 6.95 15.05 388 55.78 

Ts(1200 Gy) 21.26 517 1638 4.05 7835 
T, (1300 Gy) 9.20 4.95 725 269 5437 

Tg(0.5% of EMS and 900 Gy ) 15.00 5.80 17.21 4.15 71.48 
Ty(0.5% of EMS and 1000 Gy) 14.01 5.12 14.33 379 73.93 

Tyo (0.5% of EMS and 1100 Gy) 10.07 557 11.36 337 60.51 
of EMS and 1200 Gy) 641 441 6.90 263 59.48 
of EMS and 1300 Gy) 10.39 5.69 12.74 357 62.72 

Table 8. Frequency of induced mutants in different treatments of EMS and gamma rays in M, generation 

St no Type of mutation T, T, Ts T T. Ty Ty Ty Ty Ty Total 
1 Varigated 065 203 - - 096 - - 074 012 - 430 
2 Dwarf - - - - - 18 067 - - 253 
3 Tall 047 068 178 151 087 - - 103 - 162 79% 
4 Late flowering = & Ex N - - 164 090 - 182 4.36 

8 Early maturing 034 061 191 065 073 058 - - 133 - 635 
6 Late maturing - - - - 028 0.63 120 077 288 
7 High yielding 0.15 065 047 - 019 036 014 029 103 126 4.54 

8 More branch - 108 - 042 075 N - 010 - 056 291 

9 Long silliqua E - 055 - 074 - 022 070 - 046 267 

10 Bold seeded 044 110 069 - - 051 037 - 081 - 3.92 
11 Aphid tolerant 036 052 087 043 028 054 110 092 045 037 5.84 

12 Powdery mildew tolerant (.22 - 036 - 014 - - - - - 072 
13 Apprased 029 026 047 039 055 060 043 084 027 063 4.73 

14 Short silliqua - - - 035 052 042 039 044 032 018 262 

Total 312 693 710 375 601 487 559 716 433 767 35653 

Table 9. Mutagenic efficiency and effectiveness of different treatments of EMS and gamma rays in Brassica juncea L. 

cv. BIO 902 

o Mumtonper Mutngenio Mutagonio 
Treatments Yo Lethaliy 100 M, efficiency effectiveness 

o plants (MP) (MPIL) (MP/tc) 
Ty (900 Gy) 0.76 101 133 0.17 

T, (1000 Gy) 125 155 124 006 
Ts (1100 Gy) 1.86 232 128 0.10 

T, (1200 Gy) 344 249 072 010 
T, (1300 Gy) 3.59 3.18 0.89 0.13 

T (0.5 % of EMS and 900 Gy ) 191 156 082 007 
Ty (0.5 % of EMS and 1000 Gy) 283 3z 113 0.13 

T (0.5 % of EMS and 1100 Gy) 287 339 118 014 
T4y (0.3 % of EMS and 1200 Gy) R 363 008 015 
T (05 % of EMS and 1300 Gy) 338 405 120 017 

that mutants showed significantly more number of siliqua 

plant”! with 15 Kr of gamma rays. 

Data regarding 1000 seed weight (Table 6)revealed 
that the 1000 seed weight increased in all treatments except 

0.5% EMS + 1300 Gy (3.01g) as compared to control 

untreated (2.98¢) and control water soaked (3.21g). The 

highest mean value for the character was in 0.5% EMS + 

1200 Gy (3.85g) and lowest in 0.5% EMS + 1300 Gy (3.01g). 

The variations for the character were found to be increase 

in all the treatments. Maximum variation was in 0.5% EMS + 

1300 Gy (52.92%) followed by 0.5% EMS + 1200 Gy (51.98%) 

and the minimum variation in 1300 Gy (25.51%) as compared 

to controls (19.81% and 20.27%). The mean of 1000-seed 

weight in general, increased significantly due to gamma 
rays alone and gamma rays and EMS in combination. Javed 

et al. (2000) reported most of the mutants had higher 1000- 

grain weight significantly superior to the parent variety. 

The mutant showed 7- 44% increase over the parent in 1000 

grain weight. 

Data regarding seed yield plant (Table 7) revealed



that the maximum seed yield plant' was observed in 1000 

Gy (7.29g) and minimum in 0.5% EMS + 1200 Gy (4.41g). The 

coefficient of variation increased in all the treatments. 

Maximum coefficient of variation was noticed in 1200 

Gy (78.35%) and the minimum was in 1000 Gy (50.15%). 

The significant effect of mutagens in the mean seed yield 

plant' was noticed in all treatments. Javed et 

al. (2000) reported that five mutants produced significantly 

higher yield than parents. 

Mutation frequency of each visible mutant in M, 

generation was calculated as suggested by Gaul (1958) and 
is represented in table 8. It revealed that the combination of 

treatment 0.5% of EMS and 1300 Gy induced the highest 

mutation frequency (7.67%) followed by 0.5% of EMS and 

1100 Gy (7.16%) and the lowest in 900 Gy (3.12%). The 

frequency of mutation was comparable in all treatments. 

Increase in frequencies over character with the increase in 

doses of gamma rays and EMS in combination was observed 

by Sangsir et al. (2005) in mustard. 
The efficiency and effectiveness of mutagens were 

estimated as suggested by Konzak et al. (1965) and data are 

presented in table 9.From the table 9, it was noticed that 900 
Gy exhibited the highest mutagenic efficiency (1.33), while 

1200 Gy (0.72) showed the lowest. It was observed that in 

BIO 902 variety, the mutagenic efficiency increased with 

increase in doses of gamma rays and EMS in combination. 

Among all the treatments the highest mutagenic 

effectiveness was observed in 900 Gy (0.17) and 0.5% of 

EMS and 1300 Gy (0.17), while the lowest in 1000 Gy (0.6). 

The gamma rays in combination with EMS showed the 

higher effectiveness than gamma rays alone in BIO 902. 

Further it was noticed that with the increase in concentration 

of gamma rays in combination with EMS, there was increase 
in mutagenic efficiency except 0.5% of EMS and 1200 Gy. 

This trend was not observed for gamma rays alone in BIO 

902. 
The present study provided evidence on the 

induction of genetic variability in various quantitative 

characters in Brassica juncea cv. BIO 902 after treating with 

gamma rays alone and combination treatment of gamma rays 

and EMS. Reduced germination and increased seedling 

mortality was observed in M, and M, generations.In M, 

generation, it was observed that gamma rays proved to be 

useful for inducing earliness, while gamma rays in 
combination with EMS proved to be useful for inducing 

both earliness and delayed maturity in BIO 902 variety.In 

treated population, the plant height was significantly 

increased in BIO 902 variety. 1000 Gy gamma rays proved to 
be effective in increasing the number of branches plant” in 

BIO 902 variety.Gamma rays alone and combination 

treatment of gamma rays and EMS increased significantly 
the number of siliqua plant in M, generation.Gamma rays 

alone and combination treatment of gamma rays and EMS 

were found effective in increasing the 1000 seed weight in 

BIO 902.Mean seed yield plant” increased significantly by 

gamma rays alone and combination treatment of gamma rays 

and EMS. The best results were given by 1000 Gy gamma 

rays in BIO 902 variety. 

100 
The increased genetical variability in treated 

population for most of the qualitative and quantitative 

characters indicated that the superior lines can be isolated 

from the population.Mutation frequency did not show any 
specific trend with increase in doses of mutagen. Mutagenic 

efficiency increased with the increase in doses of gamma 

rays and it also increased with the increase in doses of 

gamma rays and EMS in combination in BIO 902 variety. It 
was highest in 900 Gy treated BIO 902 variety.Mutagenic 

effectiveness was generally found to be more in combination 

treatment of gamma rays and EMS than gamma rays alone. 

There was no specific trend followed in the combination 

treatments of gamma rays and EMS and gamma rays alone. 

In the present study 1300 Gy gamma rays alone was found 
to be induce wide range of mutation in mustard. 
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