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Abstract

Mutagenic effectiveness and efficiency of gamma rays and EMS was studied based on biological injury 

(lethality and pollen sterility) in M  generation and frequency of chlorophyll mutation in M  generation. The 1 2

results showed presence of radina, chlorina, xantha and albino type of chlorophyll chimeras in linseed and with 

the maximum frequency of chimeras at 60 kR (0.490 %) gamma rays and 0.6 per cent EMS (0.476 %). No dose 

dependent relationship was observed for both effectiveness and efficiency and varied according to cultivars of 

linseed. However, the gamma rays doses were found more effective and efficient then EMS.

Key words: Chemical mutagen, gamma rays, effectiveness, efficiency, linseed.

Oilseed crops occupy prestigious place in Indian 

agriculture due to their vital role in the sustainable 

economy of the country. Linseed (Linum 

usitatissimum L., 2n=30) commonly known as Alsi, is 

one of the important oilseed crops of India as well as in 

the world, cultivated for both seed and fibre. All the 

aerial part of linseed is utilized commercially either 

directly or after processing. Varying oil content of 

about 33 to 45 per cent which is a rich source of 

polyunsaturated fatty acids such as oleic (C18, 13.44-

19.39%), linoleic (C18, 12.25-17.44%), and linolenic 

acid (C18, 39-60%) and lignans (phytoestrogens) 

(Singh et al. 2011). Omega-3 and omega-6 fatty acid 

present in linseed are useful to treat diseases like 

cardiovascular disease (CVDs), diabetes, rheumatoid 

arthritis and cancer (Singh and Marker 2006). 

Development of high yielding varieties requires 

the knowledge of existing genetic variability, but due 

to selective breeding over the generation in linseed, 

conventional breeding has limited scope. Thus, 

mutation breeding is an alternative effective tool for 

creation of variability. The physical and chemical 

mutagen has been employed successfully in genetic 

improvement of many crops i.e. linseed (Green 1986; 

Green and Marshall 1984; Deka 2016; Jahan et al. 

2019), Sesame (Kumari et al. 2016), Mustard (Julia et 

al. 2018), Cowpea (Gririja and Dhanavel 2013; Bind et 

al. 2016), peas (Dhulgande et al. 2011). These 

mutagen provides a powerful tool for creation of 

variation in crop plant for both qualitative and 

quantitative traits (Das and Misra 2005; Baisakh et al. 

2011). Gamma and EMS are the most commonly used 

mutagen which are known to influence the plant 

growth and development by inducing cytological, 

genetical, biochemical and morphological changes in 

plants (Gunkel and Sparrow 1961; Das and Prusti 

2020). However, after continuous work done over the 

generation, it was observed that only a few mutagenic 

treatments have been effective for inducing high 

frequency of mutation. A highly effective mutagen 

may not necessarily show high efficiency and vice 

versa. Therefore, selection of effective and efficient 

mutagen is very essential to recover high frequency of 

desirable mutations in any mutation breeding studies 

(Usharani and Kumar 2015; Vairam 2017). Hence the 

study was undertaken to assess the effect of different 

doses of gamma rays and EMS on the frequency of 

chlorophyll mutation, lethality and pollen sterility to 

evaluate the relative effectiveness and efficiency of 

different mutagenic treatments.
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Material and Methods

Dry and well matured seed of three well adapted 

varieties of linseed i.e. Baner, Him Alsi-2 and Surbhi 

administered with five doses of each of Gamma rays 

(20 kR, 30 kR, 40 kR, 50 kR and 60 kR) and EMS (0.2, 

0.4, 0.5, 0.6 and 0.8%). Gamma rays irradiation was 

done at Nuclear Research lab. IARI, New Delhi 

having Gamma chamber, an automated machine 
60

having gamma radiation source of C with activity of 

13000 curie and capacity of 5000 cc (volume). For 

treatment with EMS, seed were presoaked in water for 

6-8 hours, blotted dry and then treated with solution of 

EMS for 6 hours. After treatment seeds were 

thoroughly washed with running water to bleach out 

the residual effect. To grow the M  generation, treated 1

seed were sown in field with spacing of 25 × 5 cm. The 

survival percentage was recorded in each plot at time 

maturity and lethality (%) was calculated and pollen 

fertility was calculated based on acetocarmine 

attainability. The harvested seed were carried forward 

to M generation in progeny rows. Different types of 2 

chlorophyll mutation (Xantha, Albina, Chlorina and 

Radina) were recorded daily and compared with 

respective controls (Fig.1). Frequency of chlorophyll 

mutation was calculated (Gaul 1960). The mutagenic 

effectiveness and efficiency were calculated based on 

formula proposed by Konzak et al. (1965).

Number of mutant plants
     Mutation frequency on M  plant basis (M ) = =  × 1002 f

Total number of M  plants2

                 M
      Effectiveness of physical mutagen =

Dose of mutagen in kR

    M
     Effectiveness of the chemical mutagen =

         conc. * time

    Mf
     Efficiency of the chemical mutagen =

       % lethality or % pollen sterility

where,

M = mutation frequency (plant basis)

Conc.  = concentration of EMS in per cent

% BI  = per cent biological damage

Plants germinated-
Plants survived at the time of maturity

Per cent lethality / Biological injury = × 100
         Total number of M1 sown in each treatment

Results and Discussion

In the present investigation, the lethality and 

pollen sterility were observed in M  generation (Table 1

1). Increases in lethality and pollen sterility were 

recorded in M  population with increase in 1

concentration of gamma rays, EMS in all the treatment 

for all the varieties. The increase in lethality as pollen 

sterility was reported by many investigators in green 

gram (Das et al. 2006; Das and Prusti 2020; Das et al. 

2021), blackgram (Sagade and Apparao 2011). They 

concluded that probable reason for increase in pollen 

sterility might be meiotic irregularities.

The spectrums of all type of chlorophyll mutations 

were observed at different concentration of gamma 

rays and EMS treated population in M  generation. In 2

Baner cultivar, spectrum of chlorophyll mutation was 

found same in all the doses of mutagens i.e. one, while 

frequency of chlorophyll mutations was different in 

each treatment (Table 1). At 20 kR gamma rays and 0.5 

per cent EMS, one Radina type chlorophyll mutant 

was observed having frequency of 0.162 and 0.212 

respectively. Also one xantha type mutant with 

frequency 0.152 was found in 30 kR gamma rays 

treatment. The total maximum frequency of 
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chlorophyll mutations was found in 60 kR (0.490 %) 

gamma rays and 0.6 per cent EMS (0.476 %). In Him 

Alsi-2 cultivar, at 30 kR gamma rays, xantha (1), 

albino (1) and chlorina (1) type of chlorophyll mutant 

having frequency of 0.212 was observed. In 40 kR 

treatment only xantha (1) and radina (1) type of mutant 

was observed having frequency of 0.205 per cent. At 

20, 50 and 60 kR, no chlorophyll mutant was observed 

in Him Alsi-2. On the other hand, except 0.2 per cent 

EMS, all EMS treatments i.e. 0.4, 0.5, 0.6 and 0.8 per 

cent showed chlorophyll mutations. At 0.4 per cent 

EMS, only one chlorina type mutant was observed 

having frequency of 0.238 per cent. Among all doses 

of EMS and gamma rays, maximum frequency of 

chlorophyll mutations was observed in 30 kR (0.667 

%) followed by 0.6 per cent (0.667 %) having 

spectrum three and two respectively. In Surbhi 

cultivar, except 20 kR gamma rays, all the treatment of 

gamma rays and EMS showed presence of chlorophyll 

type of mutants. Highest spectrum of chlorophyll 

mutants was observed in 0.5 per cent EMS i.e. radina 

(2) having frequency of 0.800 per cent. Among all 

treatment of gamma rays and EMS, maximum 

frequency of chlorophyll mutation was observed in 0.5 

per cent EMS (1.200 %) followed by 30 kR gamma 

rays (0.714 %). The occurrence of chlorophyll 

deficient chimeras might be due to changes in genes 

responsible for the chlorophyll mutation (Das et al. 

2021; Monika and Seetharaman 2017).

The Mutagenic effectiveness showed no dose 

dependant relationship for gamma rays and EMS 

which means mutagens effectiveness varied according 

to doses of mutagen and varieties of linseed (Table 1). 

In Baner, mutagenic effectiveness was found 

maximum at 50 kR (0.909) followed by 20 kR (0.833) 

gamma rays. On the other hand, all the doses of EMS 

shown less effectiveness as compare to doses of 

gamma rays. In EMS treatment, minimum 

effectiveness was observed at 0.5 per cent (0.085), 

while maximum was observed at 0.2 per cent (0.351). 

In Him Alsi-2, only two treatment of gamma rays 

found effective i.e. 30 kR (2.222) and 40 kR (1.020), 

while other treatment of gamma rays i.e 20, 50 and 60 

kR found ineffective for chlorophyll mutation. Except 

0.2 per cent EMS, all other (0.3, 04, 0.5 and 0.6 %) 

EMS treatments found effective with maximum 

effectiveness at 0.5 per cent (0.186). In Surbhi, except 

20 kR, all other doses of gamma rays and EMS found 

effective for chlorophyll mutation with maximum 

effectiveness at 30 kR (2.381) followed by 60 kR 

(1.042) while minimum was observed at 0.4 per cent 

EMS (0.200). Similar results were obtained by Sharma 

et al. (2005), Das and Baisakh (2020), and Das and 

Prusti (2021). 

The Mutagenic efficiency provides the best 

available measure to evaluate different mutagenic 

treatments (Konzak et al. 1965). It varies depending 

upon the concentration of mutagens, physiological and 

genetical characteristic of cultivars. The efficiency at 

lower concentration of mutagens was due to the fact 

that biological injury (lethality and sterility) increases 

with increase in doses of mutagens (Konzak et al. 

1965; Nilan and Konzak 1961). Mutagenic efficiency 

based on biological injury i.e. lethality varied from 

0.015 to 0.072 (Table 1). In treatment of Baner, it 

varies from 0.015 to 0.051 in which maximum 

efficiency was found in 0.2 per cent EMS (0.051) 

followed by 20 kR gamma rays (0.038). In Him Alsi-2, 

two doses of gamma rays i.e. 30 kR (0.040) and 40 kR 

(0.017) found efficient, and other doses i.e. 20, 50 and 

60 kR found non efficient for chlorophyll mutation. 

Similarly, except 0.2 per cent EMS, all other (0.4, 0.5, 

0.6 an d 0.8 %) found efficient. In Surbhi, similar 

pattern was observed as observed in Him Alsi-2. Based 

on pollen fertility in M generation, the mutagenic 1 

efficiency of gamma rays and EMS in M  generation 2

ranged from 0.07 to 0.033 and concluded that doses of 

gamma rays and EMS showed similar behavior of 

mutagenic efficiency as shown due to lethality (M ) 1

(Table 1). Similar result was obtained by Das et al. 

(2021). 

Conclusion

 The improved variety Baner showed more number 

of chlorophyll chimeras than other two varieties i.e. 

Him Alsi-2 and Surbhi. The effectiveness and 

efficiency based upon frequency, biological injuries 

(lethality and sterility) of gamma rays doses were 

proved to be more effective and efficient than EMS 

doses.

Conflict of interest: The authors declare that there is 

no conflict in this research paper.
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