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Abstract 
Mutagenesis is used for creating new genetic variability in cultivar improvement. Optimal muta-
genic treatment is required for effective mutation induction in crop species. Therefore, radio- 
sensitivity of cowpea accessions to gamma irradiation was investigated. Seeds of eight cowpea ac-
cessions were irradiated with 60Co gamma radiation doses of 100, 200, 300, 400 and 500 Gy. The 
seeds were sown in pots to evaluate the treatment effects on seed germination (SG), seedling sur-
vival (SS) and growth habits of M1 generation. Data were analyzed using descriptive statistics. Low 
rates of SG (10% - 45%) were recorded at higher doses (500 - 400 Gy) in Ife Brown (IB) and its de-
rivatives, whereas high SG rates (74% - 94%) were observed in IT90K-284-2 across all treatments. 
Percentage SS was inversely related to gamma dosage. A wide range of LD50 for SG (329 - 1054 Gy) 
and SS (149 - 620 Gy) were observed across the cowpea accessions. Low LD50 scores for SG (329 - 
516 Gy) and SS (149 - 357 Gy) were observed among cowpea with rough seed coat, whereas cow-
pea with smooth seed coat recorded higher LD50 for SG (521 and 1054 Gy) and SS (449 and 620 Gy). 
Seed germination LD50 and SS LD50 were highly correlated with mean coat thickness (0.899 and 
0.937) than mean seed weight (0.621 and 0.678). Gamma irradiation of cowpea seed at low dosage 
(100 Gy) increased the vigor of M1 seedlings with respect to primary leaf area, terminal leaflet 
area, seedling height and plant height at six weeks. Doses of 200 Gy and above resulted in a pro-
gressive reduction in vigor of plant and seed setting of cowpea. Radio-sensitivity varied with cow-
pea genotype and was associated with seed testa texture, thickness and seed weight. Low gamma 
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irradiation treatment (100 Gy) may be used to enhance seedling vigor, vegetative growth and 
yield of cowpea at M1 generation. 
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1. Introduction 
Cowpea (Vigna unguiculata) is emerging as a valuable crop for dry regions in tropical and sub-tropical regions. 
It is a leguminous crop, providing a sustainable source of protein for human and animal nutrition [1]. It is a na-
tive of southern Africa, but has spread to cover over 65 countries worldwide [1] of which Nigeria, Niger, Seneg-
al, Ghana, Mali and Burkina Faso are the principal producing countries. In addition to providing a cheap source 
of protein, it is also a good source of carbohydrate, minerals (potassium, phosphorus, calcium, iron, copper, zinc 
and boron), vitamins and carotene [2] [3].   

Cowpea has an estimated global production area of over 14.5 million hectares [4] and its annual grain produc-
tion has increased to over 6.3 million metric tons in 2008 [1] due to concerted research efforts that has led to the 
release of improved cowpea varieties to farmers in producing countries. Nigeria is the number one world pro-
ducer of cowpea with an annual production of 2,950,000 MT in 2013 [4]. However, cowpea productivity and 
production in Nigeria has major constraints. These include devastating diseases and insect pests, a narrow ge-
netic base for breeding, poor cultural practices and a low product quality [5]. Abiotic stresses such as low pH, 
low fertility, excessively high temperatures, drought and inadequate crop protection practices also limit produc-
tion. Some recent achievements in yield increase and product quality improvement have been attributed to com-
bined efforts of scientists affiliated with the International Institute of Tropical Agriculture (IITA), the Dry Grain 
Pulses Collaborative Research Support Program (CRSP), Purdue Improved Cowpea Storage (PICS) and from 
national programs [6]. 

The primary objective of the plant breeder is to produce crops that perform better, usually in terms of yield 
and quality, than existing cultivars and this is dependent on the availability of genetic variation, preferably in the 
primary gene pool. Where genetic diversity is insufficient, new material needs to be accessed or new variation 
created through induced mutation. Mutation induction has become an established tool in plant breeding to sup-
plement existing germplasm and to improve cultivars in certain specific traits. The first mutant cultivar was 
produced in tobacco in Indonesia in 1936 and up to the recent time, 3220 cultivars in over 220 crop species have 
been developed and released to farmers all over the world [7]. However, little work has been reported on muta-
tion breeding in cowpea [8]-[10], which has been widely used among other legume crops. An exception is India 
where 10 cowpea mutant cultivars have been released to farmers [11]. 

Mutagenesis in plants can be achieved by using physical agents (ionizing and non-ionizing radiations) or 
chemical mutagens. However, several practical problems with chemical mutagens have been identified, which 
include soaking of seeds, penetration of the relevant target cells, safety of handling and disposal among many 
others [12]. Among the radiation-based methods, gamma-ray and fast neutron bombardment now supersedes 
X-ray in most applications. Of these, gamma irradiation is known to be the most effective in inducing a wide 
range of mutations [7]. Gamma-rays penetrate deeply into target tissues than other radiations [13] and it is less 
destructive, whereas fast neutron bombardment causes translocations, chromosome losses and large deletions 
[14]. It is an electromagnetic radiation with short wavelength which has the tendency to dislodge an electron 
from its orbit around the nucleus, thereby producing an ion as the corresponding proton becomes positively 
charged and release energy (ionization or ion pairs) as its passes through a tissue. The principal effect of ioniz-
ing radiation is the ionization of water, which forms highly reactive hydroxyl radicals [15]. These radical react 
with cellular components, especially DNA to cause mutations. 

The first step in mutation breeding is to select the genotypes for improvement (mutation induction). These are 
usually the medium performing cultivars and elite genotypes to be improved. The next step is to determine the 
optimal mutation treatment. This is done by radio-sensitivity testing [16] of the target genotype(s) as responses 
vary between species and genotypes. Therefore, the aim of the current study was to determine optimal mutation 
induction treatments using gamma irradiation for a range of selected cowpea accessions in Nigeria. 
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2. Materials and Methods 
2.1. Plant Material and Seed Production for Mutagenesis 
Eight cowpea accessions were selected for this study and these varied for a number of traits as listed in Table 1. 
The cultivar IB and its mutant derivatives (IB-Y-1, IB-CR and IB-BPC) were chosen because of their average 
yield performance and brown seed color which is highly desirable by cowpea consumers in Nigeria, while the 
four elite cultivars were selected for their good yield and distinguishing characteristics (Table 1). IB and its de-
rivatives were collected from the Genetics Unit of the Department of Crop Protection and Environmental Biol-
ogy (DCPEB), University of Ibadan (UI), Nigeria, while the four elite cultivars were obtained from the Genetic 
Resources Centre of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria. 

All seed used for this study were produced from plants raised at the roof top garden of DCPEB, UI, Ibadan, 
Nigeria. The seeds of each cowpea genotype were planted in pots filled with garden soil and grown on to mul-
tiply seeds for radio-sensitivity testing. Seedlings were thinned to one plant per pot two weeks after planting. 
The plants were watered daily and weeding of the pots was carried out as soon as weeds were observed. Insect 
pests were controlled by spraying with Cyper-DiForceR two weeks after emergence and every ten days after-
wards, Z-ForceR was used as a fungicide when necessary. At maturity, dried seeds of each accession were har-
vested, place into envelopes, labeled appropriately and store 4ºC. Seed viability was carried out by conducting 
germination tests. 

2.2. Cowpea Mutagenesis Using Gamma Irradiation 
Batches of dried seeds of the eight cowpea accessions were shipped to the Plant Breeding and Genetics Labora-
tory of International Atomic Energy Agency, Seibersdorf, Austria for gamma irradiation (60Co) using a Gamma 
Cell with an activity of 202 Gy/min. Prior to irradiation the seeds were maintained in desiccators for at least 3 
days to equilibrate seed moisture to 12%-14%. The 8 cowpea accessions were treated with irradiation doses of 0, 
100, 200, 300, 400 and 500 Gy using at least 150 seeds per dosage. Irradiated seeds (M1) were returned to 
DCPEB for testing. Seeds from each treatment (Table 2) were used to raise M1 plants at the rooftop garden of 
DCPEB. The seeds were sown in 5 liter plastic pots and polyethylene bags filled with top soil at the rate of 4 
seeds per pot. Plants from each treatment were arranged together in rows. The radio-sensitivity test was main-
tained by appropriate cultural operations as stated earlier in the seed production. 

 
Table 1. Morphological characteristics of cowpea accessions.                                                      

Cowpea  
accession Source Plant type Terminal  

leaflet shape 
Leaf  

colour 
Peduncle  

type 
Leaf 

texture 

Flower 
colour 
code 

Pod  
anthocyanin  
pigmentation 

Seed  
colour 

Seed  
texture Use 

IB (Ife Brown) UI, Nigeria Semi-erect Subglobose Green Not  
branched Smooth 2 None Brown Rough Cultivar 

IB-Y-1 UI, Nigeria Semi-erect Subglobose Yellow Not  
branched Smooth 2 None Brown Rough Mutant of IB 

IB-BPC UI, Nigeria Semi-erect Subglobose Green Branched Smooth 2 None Brown Rough Mutant of 
IB/Variety 

IB-CR UI, Nigeria Semi-erect Subglobose Green Not  
branched Crinkle 2 None Brown Rough Mutant of IB 

IT86D-719 IITA, Nigeria Semi-erect Subglobose Green Not  
branched Smooth 1 Whole pod White Rough Elite cultivar 

IT86D-1010 IITA, Nigeria Semi-erect Hastate Green Not  
branched Smooth 2 Tip only White Smooth Elite cultivar 

IT89KD-374-57 IITA, Nigeria Semi-spreading Subglobose Green Not  
branched Smooth 3 None Cream Rough Elite cultivar 

IT90K-284-2 IITA, Nigeria Semi-erect Subglobose Green Not  
branched Smooth 4 None Tan Smooth Elite cultivar 

Flower Pigmentation Code: 1 = None; 2 = Wing is pigmented; 3 = Wing is pigmented, standard petal is partially pigmented with light base; 4 = Wing 
is deeply pigmented, standard is pigmented with V-shaped light base; 5 = Completely pigmented. 
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Table 2. Number of gamma irradiated cowpea seeds sown at M1 for each accession.                                   

Accession 
Treatment dose (Gy) 

0 100 200 300 400 500 

IB 150 170 178 175 182 181 

IB-Y-1 150 200 186 190 190 190 

IB-BPC 150 194 194 193 194 193 

IB-CR 150 165 165 167 167 167 

IT86D-719 200 175 190 182 181 182 

IT86D-1010 200 200 200 200 200 200 

IT89KD-374-57 200 200 200 200 200 200 

IT90K-284-2 200 191 200 200 200 200 

The numbers vary because of lost due to the shipment condition Nigeria-Austria for irradiation service. 

2.3. Data Collection and Analysis 
Observations were made on plant morphology such as: primary leaf area, seedling height at 3 weeks after sow-
ing; terminal leaflet area, plant height at 6 weeks after planting and seed setting at maturity. 

The data taken were used to calculate germination rates and seedling survival for each treatment as follows: 
No of germinated seeds%Germination 100

No of irradiated seeds planted
= ×  

No of survived seedlings%Seedling survival 100
No of germinated seeds

= ×  

The difference in seedling survival was expressed as percentages of control using the equation: 

[ ]
[ ]

Tr

Co

Seedling survival
100

Seedling survival
S = ×  

where: S = % difference in seedling survival, Tr = Treatment and Co = Control.  
Absorbed doses were plotted against the percentage differences in seedling survival (Dosage Effect Curve) 

for each accession to assess the damage due to gamma irradiation. By inserting the “line of best fit” a reading 
corresponding to 50% reduction could be obtained. Data taken on morpho-agronomic traits were analyzed using 
SAS (Statistical Analysis System, version 9.0) software using the general linear model procedure (PROC GLM). 
The estimation of the M2 generation is based on the optimal dose for mutation induction, this is usually in the 
range LD30-50, and was estimated using the seedling survival and seed set data. 

3. Results 
3.1. Radio-Sensitivity 
Gamma irradiation affected the germination of all cowpea accessions and was most lethal for Ife Brown and its 
derivatives at 500 and 400Gy with germination rates ranging from 10% - 45%, whereas three of the elite culti-
vars (IT86D-719, IT86D-1010 and IT89KD-374-57) showed some resistance to gamma irradiation, having a 
range of 35% - 67% germination at 500 and 400 Gy. IT90K-284-2 was the most tolerant accession to gamma ir-
radiation by exhibiting high germination range (74% - 94%) across the radiation treatments. In all the cowpea 
accessions, 62% - 85% germination were observed at 300Gy treatments. The SG percentage at 200 Gy was sig-
nificantly lower than the control treatment in five accessions, but not in IB, IB-BPC and IT90K-284-2. No sig-
nificant difference was observed between the percentage germination at 100 Gy and control treatments in all the 
cowpea accessions except in IT86D-719 and IT89KD-374-57 (Figure 1). 
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Figure 1. Effect of gamma rays on cowpea seed germination in the M1 generation.                  

3.2. Effect of Gamma Irradiation on Cowpea M1 Seedling Survival 
The results of cowpea SS (M1 generation) are presented in Figure 2. A trend similar to that observed for germi-
nation percentage was observed. No SS was recorded at 500 Gy, 400 Gy and 300 Gy in IB and IB-Y1. In IB-CR 
and IB-BPC fewer than 5% seedlings survived at 300 Gy. These indicate that IB and its derivatives are more 
susceptible to gamma radiation than the elite cultivars. Lower percentage SS (<65%) at 500 Gy, 400 Gy and 300 
Gy was observed in IT86D-719, IT86D-1010 and IT89KD-374-57, whereas in IT90K-284-2 80% SS was rec-
orded at 300 Gy. No significant difference was observed in the percentage SS of IT90K-284-2 at 200, 100 Gy 
and the control treatment. The percentage SS recorded for 5 out of the 8 cowpea accessions was significantly 
different at 100 Gy from the control treatment, but not for IB-CR, IT86D-1010 and IT90K-284-2. 

3.3. Effect of Seed Characteristics on Cowpea Radio-Sensitivity 
The gamma irradiation response curves for SG and SS of the 8 cowpea accessions are presented in Figure 3 and 
Figure 4, while the LD50 for SG and SS as inferred from the radiation effect curves are presented in Table 3. 
The rates of SG and SS reduced as gamma radiation dosage increased in IB and its derivatives. A similar trend 
was also observed among the 4 elite cowpea cultivars, but more gradually. 

A wide variation in the estimated LD50 was observed among the 8 cowpea accession. The lowest LD50 scores, 
for seed germination (326 Gy) and seedling survival (148.8 Gy), were recorded for IB-Y-1, while IT90K-284-2 
recorded the highest LD50 for SG (1053.6 Gy) and SS (620.2 Gy). Generally, lower values of LD50 were ob-
served for IB and its derivatives, which range from 363.9 Gy and 389.1 Gy for SG and 148.8 Gy to 198.8 Gy for 
SS. The relationship between seed characteristics and relative susceptibility of cowpea genotypes to gamma ir-
radiation is presented in Table 3. Cowpea accessions with a smooth testa (seed coat) surface (IT86D-1010 and 
IT90K-284-2) recorded higher values of SG LD50 (520.5 Gy and 1053.6 Gy) and SS LD50 (449.4 Gy and 620.2 
Gy) than the accessions with rough seed coat (IB, IB-Y-1, IB-CR, IB-BPC, IT86D-719 and IT89KD-374-57). 

Thick seed testa (0.32 mm) corresponded to the high LD50 scores (1053.6Gy and 620.2Gy) for germination 
and SS (respectively) were observed in IT90K-284-2. The cultivar IB-Y-1 which has the thinnest testa (0.11 
mm), correspondingly recorded the lowest LD50 scores (329 Gy and 148.8 Gy) for SG and SS. Although 
IT90K-284-2 had the highest seed weight (0.19 g) with corresponding highest LD50 scores (1053.6 Gy and 620.2 
Gy), the second highest seed weight observed in IT89KD-374-57 (0.17 g) did not correspond to low LD50s 
(473.6 Gy and 392 Gy). Similarly, IB, IB-BPC and IT86D-719 had relatively equal seed weights (0.15 g), but 
varied for LD50 scores. Cowpea accessions with rough testa surface and thin testa were observed to be more ra-
dio-sensitive to gamma irradiation. In general, the responses to gamma irradiation on cowpea SG and SS were 
better correlated with mean testa thickness than seed weight. 
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Figure 2. Effect of gamma rays on cowpea seedling survival at M1 generation.                                        

 

 
Figure 3. Percentage reduction in the germination of seeds exposed to gamma radiation (compared with germination from 
untreated seeds), plotted against gamma irradiation dosage.                                                         

 
Table 3. Effect of seed characteristics on radio-sensitivity, ranked by LD50 scores.                                    

Cowpea accession Seed coat texture Mean coat thickness (mm) Mean seed weight (g) SG LD50 (Gy) SS LD50 (Gy) 

IB-Y-1 Rough 0.11 ± 6.3246 × 10−4 0.11 ± 3.2945 × 10−4 329.0 148.8 

IB Rough 0.12 ± 6.8718 × 10−4 0.15 ± 3.7884 × 10−4 363.9 190.3 

IB-CR Rough 0.11 ± 9.6667 × 10−4 0.14 ± 5.2872 × 10−3 365.1 177.5 

IB-BPC Rough 0.12 ± 7.6085 × 10−4 0.15 ± 2.1492 × 10−4 389.1 198.8 

IT89KD-374-57 Rough 0.18 ± 6.3596 × 10−4 0.17 ± 5.1953 × 10−4 473.6 392.0 

IT86D-719 Rough 0.15 ± 9.4281 × 10−4 0.15 ± 2.5382 × 10−4 516.2 357.1 

IT86D-1010 Smooth 0.22 ± 6.5320 × 10−4 0.16 ± 7.4559 × 10−4 520.5 449.4 

IT90K-284-2 Smooth 0.32 ± 7.4907 × 10−4 0.19 ± 8.4539 × 10−4 1053.6 620.2 

SG = Seed germination; SS = Seedling survival: SG LD50 and SS LD50 are highly correlated with mean coat thickness (0.899 and 0.937) than mean seed 
weight (0.621 and 0.678). 
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Figure 4. Percentage reduction in seedling survival of M1 generation following seeds exposed to gamma radiation (com-
pared with seedling survival from untreated seeds), plotted against gamma irradiation dosage.                                                                    

3.4. Effects of Gamma Irradiation on M1 Plant Biomass 
The highest coefficient of variation (CV) values (64.3%, 51.49%, 59.31%, 67.11%, 55.82%, 54.09%, 56.51% 
and 63.44%) were recorded for primary leaf area among the four growth habits and yield parameter studied 
ranging from 51.49% to 67.11% respectively for IB-Y-1, IB-CR, IB-BPC (Table 4(a) & Table 4(b)). The pri-
mary leaf area at 100Gy was higher than control treatments in all the accessions except in IB, IB-CR and 
IT86D-1010. In all the cowpea accessions, primary leaf area reduced progressively with increasing gamma ir-
radiation dose (from 200 Gy upward) with the lowest value of primary leaf area observed at 500 Gy in all the 
accessions studied. 

Gamma irradiation with the dose range 100 to 500 Gy showed no significant effects on the terminal leaflet 
area of all the cowpea accessions except IB and IB-Y-1. The terminal leaflet area of IB and IB-Y-1 at 100 and 
200 Gy was larger than the control treatments (Table 4(a) & Table 4(b)). In this study increasing doses of 
gamma rays progressively inhibited the seedling height for all cowpea accessions. 100 Gy of gamma irradiation 
enhanced the seedling height in comparison to the untreated in all the accessions (Table 4(a) & Table 4(b)).  

A similar trend of the effects of gamma irradiation on seedling height was observed for plant height at 6 
weeks. At 100 Gy, plant height was greater than the control treatment in all cowpea accessions. From 200 Gy to 
500 Gy, plant height reduced progressively with the shortest plants observed at 500 Gy (Table 4(a) & Table 
4(b)). These results show that low dosage (100 Gy) of gamma irradiation enhanced vegetative growth of cowpea 
at M1 generation. 

Generally the mean seed set per plant at M1 generation decreased with increasing radiation dosage. The high-
est mean seed set per plant was observed in IB (46) and IB-CR (47) at 100 Gy. Seed set per plant at 100 Gy ir-
radiation was higher than that recorded for the control treatment in all the cowpea genotypes. This indicates that 
irradiation of cowpea seed by gamma rays at 100 Gy increases the yield of M1 plants, while treatment levels 
above 100 Gy reduced yield of M1 plants. Thus less than 1000 produced seeds were by IB and its derivatives at 
200 and 300 Gy and elite cultivars with gamma irradiation above 400 Gy (Table 4(a) & Table 4(b)). The esti-
mated M2 seed base on the minimum recommended amount of seed for M1 (i.e. 1000) and survival rate showed 
that IB and its derivatives will produce higher amount M2 seed (between 10,000 - 25,000) compared to elite cul-
tivars (between 1500 - 14,000) as shown in Table 5. 

4. Discussion  
The process of exposing living organisms to physical or chemical agents for the purpose of inducing mutation is 
referred to as mutagenesis. This process may produce immediate effects such as physiological disturbance on 
the organism and induced mutations which can be transmitted to subsequent generations [17]. The results of  
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Table 4. (a) Effects of gamma radiation on four growth habit traits of cowpea cultivar Ife Brown and its derivatives in the 
M1 generation; (b) effects of gamma radiation on four growth habit traits of elite cowpea cultivars in the M1 generation.                                                    

(a) 

Cowpea accession Treatment dose (Gy) PRLA (cm2) TLA (cm2) SDLH (cm) PLHSW (cm) MSSPP AMSS 

IB 0 25.90 ± 0.18 50.16 ± 3.62 13.04 ± 0.53 18.84 ± 0.06 43 ± 4 3054 

 100 20.56 ± 1.03 62.58 ± 2.55 13.24 ± 0.48 21.94 ± 0.46 46 ± 2 3866 

 200 6.08 ± 0.48 58.35 ± 3.23 7.03 ± 0.65 14.21 ± 1.42 18 ± 5 1004 

 300 NS NS NS NS NS NS 

 400 NS NS NS NS NS NS 

 500 NS NS NS NS NS NS 

SD  9.88 10.54 3.39 4.30 16.23  
CV  64.30 18.76 30.57 23.45 38.17  

IB-Y-1 0 20.13 ± 1.51 59.86 ± 3.46 9.40 ± 0.35 12.41 ± 0.42 36 ± 5 1690 

 100 22.40 ± 1.04 66.02 ± 2.41 10.08 ± 0.18 16.57 ± 0.71 38 ± 3 1695 

 200 5.63 ± 0.53 64.25 ± 8.60 5.73 ± 0.23 8.87 ± 0.34 15 ± 6 264 

 300 NS NS NS NS NS NS 

 400 NS NS NS NS NS NS 

 500 NS NS NS NS NS NS 

SD  8.28 10.08 1.76 3.24 13.82  
CV  51.49 15.97 19.36 23.52 46.29  

IB-CR 0 16.45 ± 0.77 33.75 ± 3.45 13.37 ± 0.46 18.85 ± 0.73 44 ± 7 3785 

 100 14.42 ± 0.72 34.79 ± 3.16 13.96 ± 0.44 20.11 ± 0.58 47 ± 4 3926 

 200 4.48 ± 0.35 34.70 ± 7.57 6.47± 0.55 10.53 ± 0.78 17 ± 5 259 

 300 2.45 ± 0.36 31.07 ± 0.00 5.3 ± 0.00 9.50 ± 0.00 13 ± 6 98 

 400 NS NS NS NS NS NS 

 500 NS NS NS NS NS NS 

SD  6.20 10.07 3.15 4.02 10.08  
CV  59.31 29.45 25.36 22.42 43.15  

IB-BPC 0 24.98 ± 0.94 56.43 ± 3.26 11.89 ± 0.43 19.10 ± 0.54 41 ± 5 2086 

 100 25.98 ± 0.85 55.12 ± 2.99 11.81 ± 0.31 20.79 ± 0.58 43 ± 2 2294 

 200 7.67 ± 0.60 57.84 ± 4.09 7.00 ± 0.53 12.52 ± 0.27 22 ± 4 748 

 300 2.17 ± 0.26 56.54 ± 6.61 6.15 ± 0.14 10.83 ± 0.18 14 ± 6 310 

 400 NS NS NS NS NS NS 

 500 NS NS NS NS NS NS 

SD  10.66 10.56 2.84 4.20 13.71  

CV  67.11 18.70 29.13 24.90 29.16  
PRLA = Primary leaf; TLA = Terminal leaflet area; SDLH = Seedling height; PLHSW = Plant height at six weeks; NS = No survived plant; MSSPP = 
Mean seed setting per plant; AMSS = Amount of seed setting 
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(b) 

Cowpea accession Treatment dose (Gy) PRLA (cm2) TLA (cm2) SDLH (cm) PLHSW (cm) MSSPP AMSS 

IT86D-719 0 19.55 ± 0.71 45.72 ± 1.88 11.22 ± 0.21 19.59 ± 0.10 35 ± 6 2265 

 100 19.68 ± 0.86 45.87 ± 1.57 11.29 ± 0.25 18.87 ± 0.21 37 ± 7 2285 

 200 18.51 ± 1.03 45.19 ± 1.74 10.23 ± 0.22 17.46 ± 0.37 27 ± 2 2105 

 300 11.83 ± 1.06 42.52 ± 1.74 6.93 ± 0.40 16.27 ± 0.29 20 ± 5 1713 

 400 6.63 ± 0.99 41.97 ± 1.53 5.28 ± 0.27 14.00 ± 0.27 16 ± 6 758 

 500 2.37 ± 0.56 44.29 ± 1.55 3.53 ± 0.13 11.14 ± 0.71 16 ± 3 750 

SD  7.31 5.29 3.14 3.14 25.92  

CV  55.82 11.94 38.91 19.37 48.53  

IT86D-1010 0 22.06 ± 1.06 26.26 ± 1.88 8.51 ± 0.23 20.66 ± 0.06 38 ± 6 2002 

 100 21.91 ± 0.72 27.58 ± 1.57 8.66 ± 0.17 19.44 ± 0.27 40 ± 2 2210 

 200 15.76 ± 1.13 26.88 ± 1.63 8.18 ± 0.20 17.86 ± 0.28 25 ± 5 1550 

 300 11.18 ± 0.82 26.52 ± 1.41 6.26 ± 0.25 16.27 ± 0.09 17 ± 8 1120 

 400 6.61 ± 1.22 25.64 ± 1.84 5.94 ± 0.21 15.52 ± 0.34 13 ± 4 756 

 500 4.91 ± 0.72 27.14 ± 1.44 3.78 ± 0.13 14.74 ± 0.25 12 ± 6 749 

SD  7.43 5.00 1.87 3.45 28.11  

CV  54.09 18.74 27.13 20.81 51.18  

IT89KD-374-57 0 26.69 ± 1.24 36.66 ± 2.92 7.86 ± 0.19 15.93 ± 0.10 33 ± 3 1990 

 100 26.81 ± 1.06 38.44 ± 2.74 7.88 ± 0.22 16.03 ± 0.15 35 ± 5 1856 

 200 19.79 ± 0.87 37.66 ± 3.15 7.45 ± 0.16 15.28 ± 0.20 26 ± 3 1761 

 300 12.68 ± 0.85 38.61 ± 2.68 6.96 ± 0.17 14.49 ± 0.29 23 ± 6 1520 

 400 6.9 ± 0.80 36.94 ± 2.41 5.91 ± 0.19 12.28 ± 0.49 18 ± 2 774 

 500 5.13 ± 0.54 36.99 ± 2.92 4.23 ± 0.21 10.27 ± 0.46 16 ± 5 758 

SD  9.23 8.54 1.43 2.33 25.64  

CV  56.51 22.76 21.31 16.61 46.08  

IT90K-284-2 0 19.55 ± 0.71 48.48 ± 3.92 8.38 ± 0.14 19.77 ± 0.32 32 ± 7 1552 

 100 24.35 ± 2.17 51.03 ± 3.06 8.58 ± 0.21 20.58 ± 0.32 35 ± 6 1606 

 200 17.42 ± 1.22 48.62 ± 3.98 7.93 ± 0.14 19.00 ± 0.28 21 ± 6 1350 

 300 9.99 ± 1.55 48.95 ± 2.20 7.02 ± 0.11 16.60 ± 0.36 17 ± 3 1314 

 400 6.7 ± 0.83 42.55 ± 3.10 5.76 ± 0.17 14.28 ± 0.39 14 ± 5 755 

 500 4.24 ± 0.96 47.99 ± 3.09 4.23 ± 0.19 13.03 ± 0.36 12 ± 4 502 

SD  9.36 10.26 1.64 3.02 19.85  

CV  63.44 21.40 23.55 17.55 39.14  
PRLA = Primary leaf; TLA = Terminal leaflet area; SDLH = Seedling height; PLHSW = Plant height at six weeks; MSSPP = Mean seed setting per 
plant; AMSS = Amount of seed setting. 
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Table 5. Seed set per M1 plant after optimal seed irradiation treatment (LD30-50).                                      

Parameter Dose IB IB-Y-1 IB-CR IB-BPC IT86D-719 IT86D-1010 IT89KD-374-57 IT90K-284-2 

Seedling 
survival 

0 43 36 44 41 35 38 33 32 

LD30 33 32 36 33 25 22 25 15 

LD50 24 24 27 25 20 11 20 4 

M1 (minimum recommended) 1000 1000 1000 1000 1000 1000 1000 1000 

M2 
LD30 22,084 22,131 24,923 22,268 13,895 11,396 12,950 8652 

LD50 9600 9720 11246 10125 6650 3141 5860 1428 

 
gamma irradiation mutagenesis for all the cowpea accessions used in this study showed definite trends which 
corroborate earlier findings. Generally, percentage seed germination and seedling survival were inversely related 
to radiation dosage. The higher the dose the lower the percentage seed germination and seedling survival in 
cowpea. Low germination of M1 seed has been attributed to genetic and physiological damage to embryo cells 
or tissues [18] [19], which can lead to abnormal cell division, cell death, mutation, tissue and organ failure and 
reduction of plant growth. 

The results of the radio-sensitivity tests revealed a wide variation in the percentage seed germination and 
seedling survival for each of the radiation treatments among all the cowpea accessions studied (Figure 1 & 
Figure 2). IB and its derivatives were more sensitive to gamma irradiation than the elite cultivars, which may be 
as a result of the genetic background of the accessions. Similar trend observed from the dosage effect curves 
(Figure 3 & Figure 4) indicates that the elite cultivars were more radio-resistant due to their genetic composi-
tion. These results show that radio-sensitivity of cowpea to gamma radiation in terms of seed germination and 
seedling survival is genotype dependent. 

The narrow range of LD50 shared by IB and its derivatives is probably a reflection of their relatedness and 
similar morphologies. The wide variation observed in the estimated LD50 among the eight cowpea accessions 
studied agrees with the reports of [10] who reported that LD50 of radio-susceptible cowpea cultivars Nakara and 
Shindimba was less than 200 Gy whereas the radio-resistance cultivar Bira exhibited LD50 above 600 Gy. The 
observed variation in the LD50 among the cowpea genotypes was a result of the differences in their seed charac-
teristics. Major factors determining radio-sensitivity are density and water, though the latter can be standardized 
by desiccation pre-treatment. This study further revealed that the absorbed radiation dosage is directly related to 
the surface texture of the seed coat (testa). Cowpea seeds with rough testa surface appeared to be radio-suscep- 
tible in comparison to cowpea with smooth testa surface which were relatively radio-resistant to gamma irradia-
tion. This implies that lower ionizing radiation dosage is required to reach LD50 for seed germination and seedl-
ing survival in cowpeas with rough testa and vice versa. There appear to be a direct relationship between testa 
thickness of cowpea and the genotype susceptibility to gamma irradiation as shown by higher correlation found 
with germination and survival rates. 

With respect to seedling morphological characteristics of the M1 plants, low gamma radiation treatment (100 
Gy) increased the primary leaf area, terminal leaflet area, seedling height and plant height at six weeks in cow-
pea. There appeared to be some stimulating effect of gamma radiation up to 100 Gy on cowpea plant vigor. 
Similar observations were reported with low dose irradiation for doses up to 100 Gy of gamma irradiation on 
three cowpea cultivars [9] and up to 1.4 × 1012 neutrons/cm2 and 5000 r X-ray significantly increased seedling 
height of southern-peas [20]. It was also reported that low radiation doses are accompanied by early emergence, 
increased percentage germination and field survival with healthy and vigorous seedlings [10]. This suggests that 
low gamma radiation treatment can be used to stimulate cowpea vegetative growth and plant vigor at M1 gener-
ation. However, the reduction in primary leaf area and seedling height as radiation treatments increased in all the 
cowpea accessions indicate that seedling vigor appeared to be inversely related to gamma dosage intensity above 
100 Gy. This is because the primary leaf area and seedling height determine the plant seedling vigor and surviv-
al. Doses of 200 Gy upward resulted in a marked reduction in the vigor of all cowpea accessions used in this 
study. One of the indices of plant vigor is plant height at six weeks. The observed plant height at six weeks 
across radiation treatments and cowpea genotypes shows that the vigor of M1 cowpea plants reduces with in-
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creasing radiation dosage. These results are consistent with earlier research reports in cowpea [9] [10], in soy-
beans [19], in rice [21], in long beans [22] and in tomato and okra [23]. However, radiation treatments did not 
appear to affect terminal leaflet area of cowpea plants at M1 generation. 

Some negative consequences of radiation overdoses have been identified [24]; such as deletions of DNA nuc-
leotide sequences that may cause reading-frame shifts, inactive protein products, or faulty transcripts. It there-
fore implies that seed treatment with gamma rays at higher doses has inhibitory effects on the vegetative growth 
of M1 plants. This is because ionizing radiation at higher levels is injurious to some enzymes and growth hor-
mones [18] which may have contributed to the reduction in cell multiplication and growth in plants. Conse-
quently, this contributed to the low amount of seeds harvested at higher radiation doses. This reduction in the 
amount of seed harvested at high radiation treatments in some accessions was not unexpected since there were 
very low plant survivals at those radiation treatments. This finding therefore implies that the lethal effect of high 
radiation doses would limit the number of M2 generation plants available for screening and beneficial mutant 
selection in certain genotypes of cowpea. In mutation induction radio-sensitivity is performed with the purpose 
of selecting the optimal treatment for a specific genotype, i.e. the dose LD30-50 that will provide the desired ge-
notype (mutant trait in low mutational load genetic background) at a frequency that can be detected in a mutant 
population. This is especially important for restoration of an elite genetic background by back crossing. In all the 
cowpea accessions studied, the quantity of seeds harvested from M1 plants at maturity decreased with increasing 
radiation treatments. Less than 1000 seeds were obtained in the derivatives of IB at 200 and 300 Gy, whereas in 
cultivars IT86D-719, IT86D-1010, IT89KD-374-57 and IT90K-284-2 less than 1000 seeds were harvested at 
400 and 500 Gy. This reduction in the amount of M2 seed harvested was expected since there were very low 
plant survival rates at high radiation treatments in some accessions. This result indicates that very little amount 
of seeds would be available to raise the M2 plants in certain genotypes for some treatments as shown in the Ta-
ble 5. Base of the minimum bulk seed of 1000 recommended for mutation induction, elite cultivars recorded a 
reduced M2 population compared to the IB and its relative mutant lines. Therefore more than 1000 seeds are 
needed for the development of the mutant population for all genotypes especially for the elite cultivars. 

Genetic variation may explain the differential responses of the 8 cowpea cultivars to gamma irradiation. The 
seed physical characteristic may help in the selection of dose or range of doses for radio-sensitivity test of cow-
pea (Vigna unguiculata). 

As recommendation, the optimum seed irradiation treatments for mutation induction are given in Table 3; 
these vary according to seed characteristics. It is general practice to raise about 1000 individual M1 plants to 
provide range of mutants in the M2 population. The number of seeds required for irradiation, that will result in at 
least 1000 viable M2 plants is given in Table 5. 

5. Conclusion 
Radio-sensitivity needs to be determined for each genotype prior to mutation induction. Mutagen and the plant 
material used in the mutagenesis treatment are key factors for the successful improvement of crop species 
through induced mutation. Genotypic variation was observed with respect to radio-sensitivity based on the dif-
ferences between treated and untreated seed through germination and survival rates. The biomass assessment 
also showed the efficiency of gamma irradiation in cowpea mutagenesis. This study has revealed that the sus-
ceptibility of cowpea to gamma irradiation is more associated with the texture and thickness of the seed testa 
than mean seed weight. The results corroborated the genetic variation of IB, its relatives and elite cultivars with 
their response to gamma irradiation. This finding should be taken into consideration for cowpea mutagenesis. 
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