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Abstract 

In the present investigation the effect of chemical mutagens Ethyl methane 
sulphonate (EMS) and Sodium azide (SA) on seed germination and seedling 
growth of Brassica juncea var. varuna was analysed. The seeds of Brassica juncea 
var. varuna were treated with different concentrations of Ethyl methane 
sulphonate and Sodium azide with 18hdry 0.004%, 0.006% and 0.008% and 
12h PSW and 6h SA 0.01, 0.02 and 0.03%. Mutagen effect of EMS and SA was 
observed on seed germination, seedling height and seed set. Results obtained 
showed that with the increase concentration of EMS and SA there was gradual 
decrease in the seed germination, seedling growth and seed set. This indicates 
the effectiveness of EMS and SA on the germination rate, seedling height and 
seed set. Germination rate was minimum at 58.7% and 69.4% in 18hdry SA and 
EMS 0.008% concentration. Whereas, 12hPSW + 6h 0.03% SA and EMS recorded 
66% and 72% seed germination, respectively. Seedling height and seed set 
gradually decreased with increase in concentrations of SA and EMS as compare 
to control. 
Key words: B. juncea, Ethyl methane sulphonate, Sodium azide, Mutation, seed 
germination, seedling height, seed set. 

INTRODUCTION 
Rapeseed-mustard is an important source of edible oil in Indian diet especially in 

Eastern & North-Western India. Indian mustard [Brassica juncea (L.) Czern & Coss] is 

one of the most economically important oil seed crops in India. It is considered as one of 

the most important vegetable oil and protein meal crop in Indian subcontinent. To fulfil 

the ever increasing demand of oil seed yield, oil yield and oil quality needs to be 

improved. Yield is one of the most important economic characters and is the product of 

multiplicative interaction of contributing characters. Hence, the important objective in 

mustard improvement is oriented to develop varieties which have high yielding 
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potential (Labana and Banga, 1984). There is need to develop B. juncea with ‘00’ 

characteristics for its better adaptability for consumption (Malode et al.,1995). In 

Brassica breeding there are many factors responsible for its low yield but the most 

important one is the lack of high yield producing varieties. Therefore, development of 

high yielding varieties of oilseed seems necessary to lessen the import of imported 

edible oil. The application of mutation techniques has generated a vast amount of 

genetic variability and has played a significant role in plant breeding and genetic studies 

throughout the world. Induced mutations are now widely used for developing improved 

crop varieties and for the development of genes controlling important traits and 

understanding the functions and mechanisms of actions of these genes. Progress is also 

being made in deciphering the biological nature of DNA damage, repair and 

mutagenesis (Qu Liang, 2009). The other objectives are oriented to develop new 

varieties with wider adaptability, early maturity, disease resistance and high oil content 

along with high yield potential. To enhance the production of any crop, a good 

variability should be present in the primary gene pool (Kumar et al., 2013; Kumar et al., 

2015).  

Genetic variation plays a critical role in developing well-adapted improved 

cultivars. Since, there is limited genetic variability in primary gene pool of Brassica 

juncea; the various tools to generate new genetic variability shall be employed. 

However, cross breeding has restricted usages due to limited genetic variability in 

nature (Sestili et al., 2010). Mutation breeding is one of the alternative methods for 

plant breeders as it provides the chance of obtaining some desired traits that do not 

exist in nature or got lost during the evolution. Mutation breeding is now one of the 

successful techniques to induce genetic variability in the adapted crop cultivars. 

Induced mutations are also widely used for promoting genetic recombination, creation 

of new genetic resources and breakage of unwanted linkages.  

Mutation breeding throws high frequency and spectrum of mutations within a 

short time (Bolbhat et al., 2012). Compared to conventional breeding methods, it saves 

time to develop a new crop cultivar (Gaul, 1961; Manjaya, 2009). The present work was 

undertaken with the aim to investigate the sensitivity effect of Ethyl methyl sulphonate 

(EMS) and Sodium azide (SA) on germination, seedling height and seed set of Brassica 

juncea var. varuna in M1 generations. 

Materials and Methods 
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Genetically pure and physiologically similar seeds of Brassica juncea L. var. 

varuna were treated with different concentrations of EMS and SA. Dry and pre-soaked 

water seeds in DNA – synthetic phase for treatments were utilized. Different 

concentrations of EMS and SA were determined on the basis of LD50 seed germination 

studies. For 18hrs treatments with EMS and SA concentrations used were 0.004%, 

0.006% and 0.008% (v/v) along with distilled water as a control. Twelve pre-soaked 

water seeds + 6hrs., treatment concentrations of 0 (control), 0.01%, 0.02%, 0.03% and 

0 (control), (v/v and w/v) solutions respectively.  In each treatment 200 seeds were 

treated in 200 ml of mutagenic solution. All treatments were carried out in triplicates at 

24± 0.50c in Remi orbital shaking incubator. After completion of treatments the seeds 

were thoroughly washed in running water 2-3 times to remove the excess mutagens 

stick to the seed coat. For seed germination experiments 50 seeds of each dose along 

with control were kept in petri-dishes on blotting paper in triplicates. The emergence of 

radical was taken as indication for germination of seeds. Germination percentage was 

calculated by counting the germinated seeds and total number of seeds sown. Further 

percent over control and reduction over control was also calculated and seed set from 

silique was calculated. 

Seed germination (%) =
𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑

𝑁𝑜. 𝑜𝑓 𝑠𝑒𝑒𝑑𝑠 𝑠𝑜𝑤𝑛
𝑋 100 

For seedling growth experiments 50 seeds were placed in three replications for 

each dose along with control arranged in slots on combs placed in a plastic tray 

containing water as shown in photographs The set up was controlled by light duration 

conditions. On the seventh day the shoot length and root length were measured on a 

graph paper in centimetres (cm). After maturity seed set from the main axis branch six 

pod was calculated from by taking 15 plants at random from each concentration from 

each treatment along with control. 

 
Results and Discussion: 
 

From the observations in Table 1 and Table 2 it is revealed that Brassica juncea 

var. varuna control showed maximum seed germination percentage. Different doses of 

EMS and SA showed gradual reduction in seed germination percentage. Minimum 

reduction was found in 18h Dry 0.008% in SA (58.7%). EMS also showed the same 
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trend in the seed germination percentage. Maximum was recorded in the control 

(100%) and minimum recorded in 18h dry 0.008% EMS (69.4%) (Fig. 1 & 2).   

Table 1. Effect of different concentrations of Ethyl methane sulphonate (EMS) on 
M1 parameters in Dry and Pre-soaked seeds of Brassica juncea var varuna. 
 

Treatments Germinatio
n (%) 

Seedlin
g height 
(cm) 

Percent  
over 
control 

Reductio
n over 
control 

Seed set 

Dry Control 100± 0.0 8.7 ± 
0.3 

100 00 100 ± 0.0 

Dry 18h EMS      
0.004 % 99.4 ± 0.4 9.2 ± 1.2 105.74 +5.74 100 ± 0.0 
0.006 % 81.0 ± 2.6 8.5 ± 0.8 97.70 -2.30 98.46± 1.2 
0.008 % 69.4 ± 1.4 7.8 ± 0.9 89.65 -10.35 96.20 ± 1.6 
      
12h PSW Control 100 ± 0.0 8.8 ± 

0.4 
100 00 100.0 ± 0.0 

12h PSW + 6h EMS      
0.01 % 98.0 ± 0.0 8.7 ± 0.2 98.86 -1.14 99.00 ± 0.2 
0.02 % 90.0 ± 1.2 7.8 ± 0.4 88.63 -11.37 98.42± 0.5 
0.03 % 72.0 ± 1.4 9.1 ± 0.3 103.40 +3.40 98.38± 0.8 

 

Table 2. Effect of different concentrations of Sodium azide (SA) on M1 parameters 
in Dry and Pre-soaked seeds of Brassica juncea var varuna.  
 

Treatments Germinatio
n (%) 

Seedling 
height 
(cm) 

Percent  
over 
control  

Reductio
n over 
control 

Seed set 

Dry Control 98.3 ± 1.6 7.6 ± 0.3 100 00 100 ± 0.0 
Dry 18h SA      
0.004 % 92.7 ± 2.4 7.2 ± 0.3 94.73 -5.27 97.4 ± 1.8 
0.006 % 78.7 ± 1.6 6.2 ± 0.8 81.57 -18.43 95.4 ± 1.4 
0.008 % 58.7 ± 3.4 5.8 ± 0.3 76.31 -23.69 92.9 ± 3.3 
      
12h PSW 
Control 

100 ± 0.0 9.1 ± 0.2 100 00 100 ± 0.0 

12h PSW + 6h SA      
0.01 % 98.0 ± 0.0 7.7 ± 0.2 84.61 -15.39 98.40± 

0.8 
0.02 % 88.0 ± 0.7 7.4 ± 0.4 81.31 -18.69 96.47± 

0.7 
0.03 % 66.0 ± 1.8 7.1 ± 0.3 78.02 -21.98 95.68± 

0.9 
 

Seedling height in 18hDry 0.004% EMS (+5.74) and 12h PSW + 0.03% (+3.40) 

was found to be a maximum over control.  In SA it was highly reduced at 18hdry 0.008% 
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SA (-3.69%). Similarly, in 12h PSW+6hSA0.03% showed reduced seedling height (-

21.98%) over control. Whereas other concentrations showed gradual reduced seedling 

height as increase in concentration of SA and EMS (Fig. 3 & 4).   

Seed set percentage was gradually deceased as increase in concentration of EMS 

and SA in dry and pre-soaked treatments. As compare to EMS, SA found to be reduced 

seed set percentage 95.68 in 0.03%SA 12hPSW +6h treatment. Control had maximum 

seed set percentage.  
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Kumar and Yadav, (2010) noted that plant height was found to be significantly 

reduced at higher doses of mutagenic treatment but some of the plants at lower doses 

respond positively to mutagen and recorded a slight increase in plant height. The 

successful utilization of sodium azide to create genetic variability in plant breeding has 

been also reported earlier in barley (Kleinhofs and Sander, 1975) and other crops (Avila 

and Murty, 1983; Micke, 1988; Routaray et al., 1995). Increase in plant height in case of 

chemical mutagens has been reported by some workers, Bose and Choudhari (1968), 

Bose and Gupta (1969), in Oriza sativa; Verma (1973) in two Brassica varieties. Verma 

(1973) stated that increase in plant height may be due to possible change in interaction 

of growth inhibitors and plant auxin concentration following mutation. Results of 

current study shows similarity with work carried out by Malode (1995) in Brassica 

carinata. Several workers support the present study Dhulgande et al., (2015) in Pea; 
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Anbarasan et al., (2013) in Sesame; Satpute and Fultambkar, (2012) in Soybean; 

Seetharaman, (2014) in garden bean; Ariraman, et al., (2014) in Pigeon pea; Sarada et 

al.,(2015),in coriander. 

Many research workers studied the effect of gamma rays irradiation at different 

doses on different crops with respect to seed germination percent and seedling growth. 

Dhulgande et al., (2015) in Pea; Anbarasan et al., (2013) in Sesame; Satpute and 

Fultambkar, (2012) in Soybean; Seetharaman, (2014) in garden bean; Ariraman, et al., 

(2014) in Pigeon pea; Sarada et al.,(2015),in coriander; Bolbhat, et al., (2012) in Horse 

gram; Bhosale and More, (2014) in Withania somnifera showed decrease in seed 

germination percentage and seedling growth with the increase in the doses of gamma 

rays irradiation. 

Conclusions: 

Results obtained showed that with the increase in doses of EMS and SA there 

was gradual reduction in seed germination percentage, seedling height and seed set in 

both the treatment viz. 18hdry and 12hdry +6h treatment. SA found to be more effective 

in reduction of germination percentage and seedling height. Present investigation 

conclude that chemical mutagens EMS and SA showed its effectiveness at higher doses 

(0.008% and 0.03%) on seed germination percentage, seedling height and seed set 

percentage in mustard. 
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