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ABSTRACT 

 

The aim of the present study was to assess the effects of different doses of gamma radiations on various 

morphological and agronomic traits of common wheat in order to identify the most effective radiation dose which 

can be applied for successful mutagenic research studies. For this purpose, dry and healthy seeds of ‘WH-147’ 

bread wheat cultivar were exposed to different doses of gamma radiations (5, 10, 15, 20, 25 and 30 kR) at the 

Bhabha Atomic Research Center (BARC), Mumbai. All the traits studied showed a gradual decrease in their mean 

values with the increasing intensity of gamma radiations except in 15 kR at which spike number per plant and seed 

weight showed some increment over the control sets. It has been concluded from the study that higher radiation 

doses (25 kR and 30 kR) have reduced mean values and increased quantitative variability for most of the traits 

studied which could be successfully employed in mutation breeding for the improvement of this important cereal 

crop. 

 

Key words: Triticum aestivum, common wheat, gamma radiation, mutations 

_____________________________________________________________________________________________ 

 

INTRODUCTION 

 

Ionizing radiations have been most successfully used for crop improvement through induced mutagenesis. 

Determination of optimum dose, radiosensitivity and treatment conditions are most essential for genetic 

manipulation through induced mutation. Mutation breeding makes extensive use of deviations from the norms to 

improve the characteristics of many important crops including wheat. Induced mutagenesis is a significant tool to 

break through the limitations of variability and to create variability in a short period of time. For the induction of 

mutations in breeding programs, determining the most suitable doses of physical and chemical mutagens is 

important. High doses induce physiological injuries which causes death of a plant. Therefore, most effective dose 

which will induce high variability at morphological as well as genetic level but did not produce more than 50 % 

lethality of plants is the main and most important goal of the mutation studies. 

 

Wheat is the world’s largest and most important food crop for direct human consumption after rice and maize. In 

India, it is the second major food crop after rice [1]. Wheat is a staple food for 40% (nearly half) of the world’s 

population, mainly in Europe, North America and the western and northern parts of Asia, occupying 17% (one sixth) 

of the crop acreage worldwide and providing 20% (one fifth) of the total calories and protein in human nutrition [2]. 

Hence, its future genetic improvement as a high quality nutritional food is a paramount for feeding the ever-
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increasing human population. Induced mutagenesis is an efficient method for the induction of morphological and 

genetic variabilities in plants [3]. The induction of mutation has been accepted as a useful tool in the plant breeding 

program. One of the chief advantages of mutation breeding is its ability to improve a single feature in a variety 

without significantly altering the otherwise desirable make up of agronomic characters. 

 

Physical mutagens (such as X-rays and gamma rays) have recently received much attention as the most effective 

mutagenic agents in higher plants. Hundreds of useful mutants have been induced for various plant characters in a 

variety of crops including wheat through physical and chemical mutagens [1, 4,5, 6, 7]. Nayeem [8] found nine 

irradiationally induced mutants in wheat with improved pattern of gluten protein that could be used successfully as 

breeding material for the improvement of protein quality in bread wheat. In addition, Reddy and Viswanathan [9] 

induced stem rust resistance in hexaploid wheat variety “WH 147” by using gamma rays and EMS. 

 

Thus, keeping the above encouraging results in mind, the present study was conducted to determine the effects of 

different doses of gamma radiations on various quantitative traits in M1 generation of common wheat in order to 

identify the most effective dose for further mutation studies. The present study also aimed in inducing additional as 

well as beneficial genetic variability of this crop which will be successfully used for further mutagenic research 

studies and improvement in the future. 

 

MATERIALS AND METHODS 

 

1.1. Plant material 
“WH-147” bread wheat cultivar has been used in the present study. Five hundred dry seeds of this bread wheat 

cultivar were subjected to gamma rays at Bhabha Atomic Research Center, Mumbai with the treatment doses 5, 10, 

15, 20, 25 and 30 kR. After irradiation, ninety seeds of each dose were then sown in pots with ten seeds in each pot. 

Data was calculated by taking the random plant samples for each trait. Data on morphological and agronomic traits 

such as seed germination, plant survival, seedling height, spike number per plant, spikelet number per plant, seed 

number per plant and seed weight has been recorded and compared with control.  

 

The data on seed germination was recorded right from the emergence of first shoot in each treatment including 

control. Germination percentage was determined by counting the seedlings emerged in each pot per total number of 

seeds sown, multiplied by hundred.  

 

1.2. Plant height (cm) 

Seedling height was estimated on 12
th
 day of germination by measuring the irradiated and non-irradiated of 25 

randomly selected sample seedlings from each treatment. The height was measured from the base of the plant to the 

tip of flag leaf.  

 

For collecting the data of the other parameters, the sample plants of each treatment were randomly selected and the 

recorded data was subjected to statistical analysis to assess the extent of induced variations. Standard deviation was 

computed by applying the following formula 

 

( )∑ −= 21
XX

n
SD i

 

Where X�= Mean of observations involved 

Xi = Observations  

n = Number of observations 

 

RESULTS AND DISCUSSION 

 

1.3. Effect of gamma radiations on seed germination: The seed germination was observed higher in control when 

compared with the treated plants (Fig-1). After the data was compared, it was observed that with the increasing dose, 

there is decrease in not only germination percentage but delay in the germination time also. Maximum decrease in 

seed germination (74.44%) was noted in 30 kR of radiation dose (Table-1). The lower doses did not show much 

effect on the percentage of seed germination. The results also coincide with those of Borzoueietal., [7], Chaudary 

[10], Irfaq and Nawab [11, 12] and Din et al., [4, 13] who observed progressive decrease and delay in the 
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germination in wheat genotypes after treated with various gamma rays. Reduced germination percentage with 

increasing doses of gamma radiations has also been reported in Rye [14] and Chickpea [15, 16]. The decrease in 

seed germination at higher doses may be attributed to disturbances at cellular as well as physiological levels.  

 
Table 1: The percentage of seed germination, plant survival and plant height in M1 generation of common wheat after different doses of 

gamma radiations 
 

Treatment dose Number of seeds  sowed 
Seed Germination Plant Survival 

No. %age R.V.* No. %age R.V. 

Control 90 84 93.33 100.00 81 96.43 100.00 

5kR 90 82 91.11 97.62 78 95.12 98.64 

10kR 90 79 87.77 94.04 75 94.93 98.44 

15kR 90 77 85.55 91.66 73 94.80 98.31 

20kR 90 74 82.2 88.09 68 91.89 95.29 

25kR 90 70 77.77 83.32 63 90.00 93.33 

30kR 90 67 74.44 79.76 59 88.05 91.31 

* R.V. = Relative value 

 

Table 2: The spike number, spike length, spikelet number, seed number per spike, and 100 seed weight in M1 generation of common 

wheat against different doses of gamma rays 

 

Treatment 

Dose 

Plant Height (cm) Spike number/plant Spike length (cm) Spikelet number/Plant Grain number/plant 100 grain weight (gm) 

Mean ±SD CV Mean ±SD CV Mean ±SD CV Mean ±SD CV Mean ±SD CV Mean ±SD CV 

Control 15.86 ±2.13 13.43 3.45 ±1.23 35.78 11.21 ±2.43 21.68 16.05 ±4.21 26.23 26.20 ±7.91 30.22 6.35 ±0.51 8.06 

5kR 14.36 ±2.73 19.05 3.35 ±1.38 41.40 10.41 ±2.23 21.49 15.55 ±4.16 26.75 22.65 ±7.02 31.03 6.17 ±0.45 7.34 

10kR 13.39 ±2.75 20.59 3.15 ±1.18 37.52 9.82 ±2.07 21.12 13.9 ±3.75 27.00 21.95 ±6.80 30.98 5.84 ±0.13 2.29 

15kR 10.86 ±2.36 21.78 4.15 ±1.46 35.20 7.72 ±2.10 27.27 11.05 ±3.21 29.13 18.8 ±6.06 32.26 6.83 ±0.30 4.45 

20kR 9.32 ±2.00 21.52 2.2 ±1.19 54.38 7.15 ±1.85 25.88 10.05 ±2.94 29.31 16.7 ±7.55 45.23 5.26 ±0.59 11.22 

25kR 7.30 ±3.43 47.09 1.95 ±1.27 65.45 6.19 ±0.82 13.37 8.7 ±2.36 27.17 9.6 ±4.67 48.67 5.0 ±0.58 11.64 

30kR 5.95 ±3.07 51.65 2.1 ±1.58 75.53 4.56 ±1.52 33.32 6.4 ±2.11 33.00 5.55 ±5.53 99.63 4.48 ±0.55 12.36 

SD = Standard Deviation; CV = Coefficient of Variation 

 

 

 

Figure-1: Effect of gamma radiations on seed germination and plant survival in M1 generation of common wheat 
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Figure-2:- Effect of gamma radiations on various morphological traits in M1 generation of common wheat 

 

1.4. Effect of gamma radiations on plant survival: According to the data, the percentage of plant survival 

decreased with the increasing intensity of gamma radiation (Fig-1). The survival percentage was found 96.43% in 

control which decreased consequently to 88.05% at 30 kR radiation dose (Table-1). The remaining doses also 

showed slight decrease in the survival percentage with respect to the control. The results are in accordance with the 

studies of Chaudhary [10], Irfaq and Nawab[11, 12] and Khan and Bari [17] who observed the consistent decrease in 

survival percentage with the increasing intensity of gamma radiations. The results of Koinget al., [18] have shown 

that survival of plants to maturity depends on the nature and extent of chromosomal damage. The increase in the 

frequency of chromosomal damage with increasing radiation dose may be responsible for reduction of plant survival 

in the present investigation. 

 

1.5. Effect of gamma radiations on plant height (cm): Plant height is widely used as an index in determining the 

biological effects of various physical mutagens. In the present investigation, the average plant height was observed 

higher in control population (15.86 cm) and gamma rays decreased this average height to 5.95 at the 30 kR radiation 

dose (Table-2). All the doses showed decrease in the average plant height and showed inverse proportionality to the 

radiation intensity (Fig-2). Din et al. [13] conducted radiosensitivity on five wheat genotypes irradiated with 15, 25, 

35 and 45 kR doses of gamma rays, where they observed significant decrease in plant height with the increasing 

doses of gamma rays in all the genotypes studied. The results also showed the co-linearity with the studies of 

Chaudhary [9], Irfaq and Nawab [11, 12],Ghafoor and Siddiqui [19], Hassan [20] and Zhu et al.,[21] who observed 

almost negative effects on most of the parameters of wheat as a result of higher doses. The irradiation of seeds with 

high doses of gamma rays disturbs the synthesis of protein, hormone balance, leaf gas-exchange, water exchange 

and enzyme activity which may the possible causes of adverse effects of gamma radiations on plant height in the 

present investigation.  

 

1.6. Effect of gamma radiations on spike number: The mean values for spike number differed significantly under 

the influence of different doses of gamma radiations (Fig-2) and it ranged from 3.45 to 1.95 in control and 25 kR 

treated plants respectively (Table-2). In the present investigation, it was observed that radiations, in general, reduced 

the average spike number in all the cases except at 15 kR treatment where the trait showed some improvement 

(4.15) over the control (Table-2). Irfaq and Nawab [12] observed the stimulatory effect of all the doses of gamma 

rays on the number of tillers per plant except at 100 GY which produced slight decrease in the character. Similar 

results were observed by many other workers such as Ghafoor and Siddiqui [19], Davies [22] and Khamankar [23]. 

However, Din et al., [13] reported quite opposite results and observed an adverse effect of radiation on the average 

spike number per plant which was also supported by many other previous studies [20, 24].  

 

1.7. Effect of gamma radiations on spike length (cm): The average spike length in M1 generation has shown a 

regular shift towards a negative direction (Fig-2) in treated plants with the highest being observed in control (11.21) 

and lowest in 30 kR (4.56) of radiation treated plants (Table-2). The mean spike length showed a gradual decrease 
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with the increasing intensity of gamma radiations. The present findings were also in agreement with the Irfaq and 

Nawab [12], Molle [25], Lariket al., [26] and Khalil et al., [27]in which they have shown that gamma rays induced 

the almost significant decrease in the average spike length with respect to the control.   

 

1.8. Effect of gamma radiations on spikelet number: In present investigation, the mean number of spikelets 

showed consistent decrease with the increasing dose of gamma rays. The highest average value of number of 

spikelets per spike was noted in control population (16.05) and the lowest mean value was observed in plants treated 

with 30kR (6.4) of gamma radiations (Table-2). The present investigation also shows co-linearity with the studies of 

Khan et al., [5], Irfaq and Nawab [12], Lariket al., [26] and Galalet al., [28] in which they observed significant 

decrease of spikelet number in nearly all the radiation doses. 

 

1.9. Effect of gamma radiations on grain number: The average values of grains per spike were reduced from that 

of control spikes (Table-2). The highest mean value for grains per spike was noted in control plant groups (26.20) 

with the progressive decrease in all the radiation treated plant groups (Table-2). The present findings are in 

agreement with the studies of Khan et al., [5], Irfaq & Nawab [12] and Galalet al., [28]who observed the regular 

decrease in the trait with the increasing intensity of gamma radiations.  

 

1.10. Effect of gamma radiations on 100 grain weight: The present study observed the negative effects on average 

weight of grains in nearly all the cases of gamma rays doses except at 15 kR where the grain weight showed some 

increment over the control. A simultaneous decrease in the mean values for the trait was observed due to increase in 

radiation intensity. The maximum decrease in the average values of grain weight was observed at 30 kR of radiation 

dose (4.48) with respect to control (Table-2).In general, all the radiation doses showed adverse effects on the grain 

weight. The present results are in agreements with the findings of Irfaq and Nawab [11] and Khalil et al., [27]who 

observed almost adverse effects on average seed weight. However, Ainmasaun et al., [29] observed increase in the 

average 100 grain weight at 80 GY of radiation dose as it was found at 15 kR radiation dose in the present study. 

Such type of contradiction might be due to either differences in genetic material under study or due to agro-climatic 

variations under which the experiment was carried out. 

 

CONCLUSION 

 

Generally, retardation of morphological and growth parameters is one of the most common responses of plant 

subjected to ionizing radiation. The favorable gamma rays dose in the present study was found to be 15kR, which 

produced the stimulatory effect on the tiller number and seed weight suggesting that it could be successfully used in 

the future for its improvement. 
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