
Mutagenic Effect of Gamma Irradiation on Seed Germination ...  Essel et al. 

 

1Essel, E., 2Asante, I.K., 2Odamtten, G.T. 
1Department of Applied Biology, University for Development studies,  

P. O. Box 24, Navrongo, Ghana 

2Department of Botany, University of Ghana,  

P. O. Box LG 55, Legon, Accra, Ghana 

ABSTRACT 

Mutation breeding is a conventional breeding method that has become a popular and effective tool 

for crop improvement. A physical mutagenesis experiment was conducted to study the effect of gam-

ma irradiation on cowpea yield components (Vigna unguiculata (L.) Walp). Dry cowpea seeds were 

exposed to Cobalt 60 source of gamma radiation at the doses of 100Gy, 200Gy, 300Gy and 400Gy. 

Quantitative characters such as percentage germination, plant height, number of leaves, length and 

width of leaflets, length of longest branches, number of primary and secondary branches, pod and 

seed yield traits were observed and estimated. In addition, percentage pollen grain viability was also 

studied and estimated. After 12 days of planting, high percentage germination (70.5-83.6) was rec-

orded in both generations of gamma irradiation treatment (G1 and G2). Leaf abnormalities observed 

in the study included tetrafoliation, pentafoliation and fused leaflet. Number of days to flowering 

ranged from 46±2.1-51±2.0 days. Generally, significant differences (P<0.05) were not recorded in 

data obtained for the characters in the study. Mutations have been ascertained to manifest at higher 

generations especially when they are recessive and that may explain the no significant differences 

recorded in the G1 and G2 data.  
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INTRODUCTION  

Changes in arrangement of genetic materials 

cause characteristic alteration in organisms. 

Drastic alterations result in malformed and use-

less plants while small rearrangements may pro-

vide a desirable trait. Mutation becomes signifi-

cant when the mutated cell or part of the plant is 

part of a meristematic tissue or cells, in which 

case it can be passed on and inherited in the next 

generation (Adams et al., 1993). Mutation breed-

ing is a conventional breeding method and this 

type of breeding has become increasingly popu-

lar lately as an effective tool for crop improve-

ment. It is also an efficient means for supple-

menting existing germplasm for cultivar im-

provement (Pavadai et al., 2009). In plants, both 

seeds and vegetative parts have been induced for 

mutation and has recently become a subject in 

biotechnology for developing improved varieties 

of food crops especially in developing countries 

(Pavadai et al., 2009).  

Physical mutagenesis has made the production of 

useful mutations possible through the application 

of physical mutagens such as x-ray, neutrons, 
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ultraviolet, laser beam and gamma rays. When 

ionization occurs near a chromosome, chemical 

bonds can be forced to break up. Structural 

changes within the DNA can then lead to point 

mutation; changes in a single nucleotide base 

(Sleper and Poehlman, 2006). Other chromoso-

mal aberrations such as deletion and inversion 

can occur.  

Gamma rays do not leave trace of radioactivity 

in the irradiated material but the irradiation pro-

cess leaves residual radiation which may create 

offspring with new features (Massuh et al., 

2010). In addition, induced mutation has proved 

to be a successful tool for reducing the effect of 

self-pollination. Genetic variability has also been 

induced in vegetative propagated plants using 

induced mutation especially by the application 

of physical mutagens and sometimes by chemi-

cal mutagens. The application of such agents to 

crop species such as wheat, barley, rice, tobacco, 

corn, Brassica, fruit crops and vegetables has 

helped to initiate large-scale mutation breeding 

experiments for various practical applications 

(Chopra, 2005).  

Cowpea is an important legume and among the 

crops considered for crop improvement in the 

semi-arid tropics (Oppong-Konadu et al., 2005; 

El-Beltagi et al., 2013). It serves as a source of 

food for many people in Ghana and contains 

between 22% and 32% of protein on a dry 

weight basis (Fatokun, 2002) and 50-67% carbo-

hydrate and starch (Pavadai et al., 2009).  The 

legume can also serve as potential food source 

that can be used to manage food shortage in de-

veloping countries (Fatokun, 2002). 

 

MATERIALS AND METHODS 

Cowpea accession was obtained from the Plant 

Genetic Resources Research Institute, Bunso, 

Ghana. The seeds were planted and self pollinat-

ed to multiply them. They were then stored in a 

freezer until their use. Selected cowpea seeds 

were irradiated at the Radiation Technology 

Centre (RTC) under the Biotechnology and Nu-

clear Agriculture Research Institute (BINARI) 

of the Ghana Atomic Energy Commission 

(GAEC). The seeds were irradiated with Cobalt 

60 source of gamma radiation at the doses of 

100Gy, 200Gy, 300Gy, and 400Gy. The first 

generation of cowpea plants raised from the ini-

tial irradiated seeds was designated G1, while the 

plants obtained from the G1 seeds were designat-

ed G2, which is the second generation of the 

gamma irradiation treatment. 

 

Quantitative data collection and analysis  

Quantitative data collected on plants in the study 

included characters such as number of days to 

germination of seeds, number of leaves per 

plant, length and width of leaflets, plant height 

[cm], number of primary branches per plant, 

length of longest branch per plant [cm], number 

of days to flowering, pollen grain viability [%] 

by IKI (iodine + potassium iodide) test ( Baker 

and Baker, 1979), seed set [%], number of pods 

per plant, and seed weight [g]. The calculated 

means were compared for differences (P<0.05) 

within and between treatments using One-way 

ANOVA test and Dunnett Post- Hoc analysis 

respectively. 

 
RESULTS 

Percentage germination of irradiated cowpea 

seeds 

Percentage germination after 6 and 12 days after 

planting and the overall total germination rec-

orded in the study are presented in table (1), with 

the highest of 83.6% recorded in both control 

and 100Gy treatment of G2. Generally, Percent-

age germination ranged between 65.2%-83.6% 

across the two generations. No consistent trend 

could be established for the effect of the muta-

gen for all the treatments in the study. 

 

Leaf abnormalities 
Three types of leaf abnormalities were observed 

in both treatments and control are presents Table 

(2). Recording leaf abnormality in the untreated 

(control) seeds was unusual however; the fre-

quency was relatively high in the treatments. 

Long term storage may have induced the abnor-

malities in the control and the gamma irradiation 

made it pronounced in the various G2 treatments.  
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 Generation 
Treatment 

[concentration] 

% Germination 
6 DAP* 

% Germination 
12 DAP* 

 Total 
Germination [%] 

  Control 70.2 70.9 70.5 

G1 100Gy 69.7 73.9 73.9 

  200Gy 70.5 71.4 71.4 

  300Gy 73.5 76.9 76.9 

  400Gy 78.6 82.1 82.9 

  Control 80.9 83.6 83.6 

G2 100Gy 65.2 72.4 72.4 

  200Gy 81.8 83.6 83.6 

  300Gy 66.8 70.5 70.5 

  400Gy 79.6 80.0 80.0 

Table 1:  Effect of gamma irradiation on germination of cowpea seeds (Vigna unguiculata  

  L.Walp) 

* DAP= Days after planting 

  Treatment 
Total number 

of plants 

 Number of  abnormal leaves   Genera-

tion Tetrafoliate Pentafoliate Fused leaflets 

  Control 165 1 0 0 

G₁ 100Gy 173 1 1 0 

  200Gy 167 1 1 0 

  300Gy 175 2 0 0 

  400Gy 194 2 1 0 

  Control 184 1 4 1 

G2 100Gy 152 4 3 0 

  200Gy 184 7 2 0 

  300Gy 155 6 2 0 

  400Gy 174 7 0 1 

Table 2:  Leaf abnormalities in the germinating cowpea plants treated with gamma  

  irradiation (G1 and G2) at the indicated doses  

Leaf abnormalities 
Three types of leaf abnormalities were observed 

in both treatments and control are presents Table 

(2). Recording leaf abnormality in the untreated 

(control) seeds was unusual however; the fre-

quency was relatively high in the treatments. 

Long term storage may have induced the abnor-

malities in the control and the gamma irradiation 

made it pronounced in the various G2 treatments. 

Quantitative growth characters and yield 

components 
Table (3) shows dimensions obtained for mean 

leaflet length and width, analysis of the variance 

did not give significant differences (P<0.05) 

between and within treatments. Data on mean 

number of leaves, primary branches per plant 

and mean height and length of longest branch 

per plant which were all not significantly differ-

ent (P<0.05) within treatments are presented in 
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table (4). Mean number of days to flowering, 

mean number of pods per plant, mean number of 

seeds per plant, mean seed weight and percent-

age pollen grain viability and Seed set are also 

presented in table (5). Generally no significant 

differences (P<0.05) were recorded within and 

between treatments in both generations. Unique 

trends could not be easily established among 

these quantitative data in the study. 

Generation Treatment 

Mean leaflet length and mean width (cm) Mean ± SD 

Lateral leaflet (1) Lateral leaflet (2) Median leaflet 

Length Width Length Width Length Width 

 Control 5.84±0.3 3.57±0.2 5.58±0.3 3.63±0.2 6.16±0.3 3.70±0.2 

G1 100Gy 6.21±0.2 3.77±0.2 5.98±0.3 3.61±0.2 6.65±0.3 3.87±0.2 

 200Gy 5.85±0.2 3.46±0.1 5.87±0.2 3.43±0.2 6.35±0.3 4.2±0.6 

 300Gy 6.45±0.3 3.80±0.2 6.44±0.3 3.89±0.2 6.91±0.3 4.09±0.2 

 400Gy 6.35±0.3 3.92±0.2 6.61±0.3 4.09±0.2 7.12±0.3 4.30±0.2 

 Control 8.26±0.2 8.26±0.2 5.46±0.2 5.50±0.2 5.50±0.2 5.78±0.2 

G2 100Gy 8.01±0.3 8.01±0.3 8.28±0.3 5.37±0.2 8.84±0.3 5.70±0.2 

 200Gy 8.99±0.3 8.99±0.3 5.56±0.2 5.57±0.2 5.57±0.2 6.16±0.2 

 300Gy 8.34±0.3 8.34±0.3 5.5±0.21 5.43±0.2 5.43±0.2 5.85±0.2 

 400Gy 8.88±0.3 8.88±0.3 5.78±0.2 5.82±0.2 5.82±0.2 5.90±0.3 

Table 3:  Mean leaflet length and width in G1 and G2 generation of cowpea seeds  

  treated with gamma irradiation  

  
Generation 

Treatment  

concentration 

 Mean number 
of leaves/ plant 

Mean ± SD 

Mean number of 
primary branches/

plant  
Mean ± SD 

Mean plant 
height [cm] 
Mean ± SD 

Mean length of 
longest branch/plant

[cm] 
Mean ± SD 

  Control 5.41 ± 0.3 3.29 ± 0.3 21.38 ± 1.1 44.74 ± 4.6 

G1 100Gy 5.94 ± 0.4 2.71 ± 0.2 19.35 ± 1.0 34.65 ± 4.2 

  200Gy 5.88 ± 0.4 2.65 ± 0.2 19.12 ± 1.0 45.85 ± 6.0 

  300Gy 6.32 ± 0.3 2.82 ± 0.2 18.32 ± 1.0 42.62 ± 5.0 

  400Gy 6.05 ± 0.4 3.23 ± 0.2 20.47 ± 1.2 33.15 ± 4.3 

  Control 8.94 ± 0.8 3.47 ± 0.3 24.15 ± 0.8 50.29 ± 4.4 

G2 100Gy 8.88 ± 0.6 3.67 ± 0.2 24.53 ± 0.9 61.26 ± 8.1 

  200Gy 7.82 ± 0.8 3.44 ± 0.2 24.74 ± 0.8 47.76 ± 4.3 

  300Gy 9.23 ± 0.8 3.6 ±  0.2 24.41 ± 0.9 58.85 ± 6.5 

  400Gy 8.85 ± 0.7 3.47 ± 0.2 25.82 ± 1.1 38.85 ± 3.1 

Table 4:  Effect of gamma irradiation on quantitative growth characters of cowpea  

  (Vigna unguiculata L.Walp) 

DISCUSSION  
Increasing dose of gamma irradiation did not 

have significant effect on seed germination in 

our study and similar results have been reported 

in Lepidium sativum (Majeed et al., 2010). 

However, the results of the present study do not 

agree with those of Anbarasan et al., (2013) and 

Gnanamurthy et al., (2012) on seed germination 

and morphological characters. In their works, 

they reported that increasing radiation progres-
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Generation 

Treatment 

[concentration

] 

Mean number of 

days to flowering 
Mean ± SD 

Mean number 

of pods /plant 
Mean ± SD 

Mean seed 

weight [g] 
Mean ± SD 

Pollen grain  

viability 
[%] 

 Seed set 
 [%] 

  Control 50±1.9 3.27±0.3 0.10±0.007 87.7 72.2 

G1 100Gy 51±2.0 3.21±0.3 0.12±0.008 98.3 75.9 

  200Gy 51±2.0 2.92±0.2 0.11±0.007 84.5 74.7 

  300Gy 51±1.9 2.47±0.2 0.10±0.009 91.9 73.8 

  400Gy 51±1.9 2.67±0.2 0.11±0.005 80.6 79.5 

  Control 45±2.8 2.62±0.3 0.10±0.003 86.0 66.3 

G2 100Gy 46±2.8 2.79±0.3 0.12±0.005 89.1 75.7 

  200Gy 48±2.3 2.87±0.3 0.10±0.005 81.6 83.8 

  300Gy 46±2.1 2.62±0.3 0.15±0.008 94.4 59.0 

  400Gy 46±2.4 2.28±0.2 0.10±0.003 94.1 67.0 

Table 5:  Effect of gamma irradiation on yield components of cowpea  

  (Vigna unguiculata L.Walp) 

sively decreased percentage of seed germination, 

seedling height (shoot length), root length, num-

ber of lateral branches per primary root and seed-

ling vigour. The work of Horn and Shimelis, 

(2013) revealed that two genotypes of cowpea in 

Namibia tolerated irradiation dose of 200Gy and 

600Gy giving percentage germination of 43.33 

and 46.67 respectively. However, with the varie-

ty of cowpea used in this study, high percentage 

germination was recorded across all treatment 

including the control inferring that the physical 

treatment may not have had any effect on seed 

germination. Relatively high percentage germi-

nation recorded in the study could be due to the 

stimulating effect of the irradiation on RNA or 

protein synthesis as reported by Kuzin et al., 

(1973).  Stimulatory effect of gamma irradiation 

on germination of Jatropha curcas L. has been 

reported by Dhakhanamoorthy et al., (2010). 

High percentage germination might probably 

also be due to the death of bacteria and fungi 

population that infect seeds and reduce viability. 

Massuh et al., (2010) reported no significant 

differences in the mean plant height of Suico 

plant treated with gamma irradiation. Results 

from the present study showed that cowpea be-

haved like those reported in the Suico plant. 

However other studies with gamma irradiation 

treatment reported stimulatory effect on plant 

height in Jatropha curcas L. (Dhakhanamoorthy 

et al., 2010). Athwal et al., (1970) also induced 

variability in plant height in Chickpeas using 

gamma irradiation. Data from the present study 

contrast with the aforementioned. Leaf abnor-

malities as a result of altered number of leaflets 

have also been reported by Sangsiri et al., (2005) 

in cowpea and Tomlekova, (2010) in soybeans, 

with the  trifoliate (3) compound leaf  altered and 

ranging from 4 to 9 leaflets per plant. The con-

trol in the G2 also showing leaf abnormalities 

suggest that long period of storage could have 

induced spontaneous mutations.  Studies with 

gamma irradiation treatment in Mung bean re-

ported significant number of branches (Yaqoob 

and Ahmad, 2003) and Lepidium sativum 

(Majeed et al., 2010).  However, that was not the 

case in the present study as significant differ-

ences were not recorded in G1 and G2 mean 

number of primary and secondary branches with-

in treatments. Comparing number of days to 

flowering in G1 and G2, it could be observed that 

the first generation of the mutagenic treatments 

showed a longer period to flowering while the 

second generation had a shorter period (in the 

difference of 1 to three days). This infers that the 

initial treatment interferes with early maturity 
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and flowering in the cowpea. Hormones such 

florigen may have also been induced or inhibited 

to initiate or impede flowering. Mean number of 

pods per plant was generally high in the control 

of the generations under study however; number 

of pods per plant was generally high in the treat-

ed rather than the untreated seeds. These results 

are consistent with those of Gnanamurthy et al., 

(2012) and Bolbhat et al., (2012) which recorded 

both positive and negative effect of gamma irra-

diation treatment in pod formation in Horse-

gram. The mean number of seeds per plant was 

inconsistent and statistically not significant 

among the treated and the control in our study 

and these results do not agree with those of 

Mudibu et al., (2012) and Ugorji et al., (2012), 

who rather recorded significant increase in seed 

yield among the 0.2kGy and 0.4kGy treatments 

in their studies.   

 

CONCLUSION 

Increasing dose of gamma irradiation did not 

have significant effect on seed germination, 

quantitative and yield characters of cowpea. 

However some leaf abnormalities such as tetra-

foliation, pentafoliation and fused leaflets were 

recorded in our study.  Mutations have been as-

certained to manifest at higher generations espe-

cially when they are recessive, it is therefore 

recommended that the seeds obtained from G2 be 

replanted and observed for possible mutants in 

the subsequent generations. 
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