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Abstract
Induced mutation is valuable for creating genetic variability for use in crop improvement programs. However, there are limited 
information on the mutagenicity of the African Yam bean (AYB). This study investigated the mitotic chromosomes, pollen 
fertility and morphological response of African yam bean to gamma radiation. Five accessions of AYB (TSs10, TSs30A, 
104B, TSs363 and TSs 364) were planted and evaluated in the screen house using a complete randomized design with three 
replicates. The accessions were exposed to 0 Gy, 10 Gy, 25 Gy, 100 Gy, 250 Gy and 500 Gy of 60Co (Cobalt 60) gamma 
source (GAMMA BEAM X 200). In all accessions studied, non-irradiated seeds (0 Gy) showed normal mitotic metaphase; 
seeds of 25 Gy had sticky metaphase, while those of 10 Gy, 50 Gy, 100 Gy, 250 Gy and 500 Gy gamma doses had varying 
degrees of scattered arrangement. For all accessions, a decrease in pollen fertility was observed at 250 Gy and 500 Gy radia-
tion doses. The growth characteristics of irradiated seeds differed significantly (p ≤ 0.05) from the control except for plant 
height and number of branches. Dosage 500 Gy showed a lethal effect having 0% survival rate in all accessions. Similar 
lethal effect (0% survival rate at 21 DAP) was observed in TSs10, TSs30A and 104B when exposed to 250 Gy dose. Shoot 
length is positively correlated with radicle length. Also, terminal leaf length is positive and strongly correlated with terminal 
leaf width and terminal leaf area. The TSs 30A performed best in seed germination and growth characteristics. Therefore, 
it could be recommended in mutation breeding for AYB improvement.

Keywords  African yam bean · Physical mutagen · Chromosomes · Pollen fertility · Morphology · Days after planting 
(DAP)

Introduction

The importance of plants in addressing the hunger and mal-
nutrition challenges facing developing and developed nations 
cannot be over-emphasized. Human population today, how-
ever, derives 95% of its food energy from 30 species, indi-
cating that a large proportion of plant food resources are 
underutilized (Galluzzi and Lopez 2014). One such underu-
tilized plant with great potential for enhancing food security 
in the tropics is the African yam bean (AOCC 2019).

African yam bean (Sphenostylis stenocarpa (Hochst, Ex A. 
Rich.) Harms) is one of the neglected and underutilized crops 
(NUCS) with great potential for addressing the issue of food 

insecurity and poverty alleviation (Klu et al. 2001). African 
Yam Bean (AYB) is an indigenous crop of tropical African 
origin and is the most culturally and economically important of 
the seven species in the genus Sphenostylis due to its valuable 
source of plant protein (amino acids–lysine and methionine) in 
the diets of consumers (Chinedu and Nwiniyi 2012; Adewale 
and Aremu 2013) and stable yields across a wide range of 
environments. The tuber which is found beneath the ground 
has a resemblance to sweet potatoes but tastes more like Irish 
potatoes. Above ground, it produces good yields of edible 
seeds. It is usually intercropped with yam, cassava, maize and 
sorghum and usually, the other crops (cassava, maize and sor-
ghum) or the same stake for yam, serve as a support for the 
crop (Togun and Egunjobi 1997). The duration of cooking 
and lack of improved varieties in terms of early maturity traits, 
dwarf erect architecture and low seed yield, have adversely 
discouraged its production, large-scale commercialization and 
its utilization (Klu et al. 2001; Saka et al. 2004; Fasoyiro et al. 
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2006). The crop has not received adequate research attention 
compared to other legumes such as cowpea, groundnut and 
soybean. The AYB has been evaluated for improved farmer 
preferred traits like disease resistance, drought tolerance and 
early flowering to reduce the length of the crop cycle; as well 
as consumer-preferred traits like reduced seed coat hardness or 
increased permeability for easy cooking and increased nutri-
tional value and/or reduced anti-nutritional factors which are 
reported to cause discomfort and flatulence when consumed 
(Onyeike and Omubo–Dede 2002). There is a need to assess 
the mutagenic variability of African yam bean to gamma 
radiation.

Mutation is one of nature’s ways of creating variation in 
living organisms. It is known to enhance the genetic variability 
of crop plants and facilitate the development of improved vari-
eties in crops (Maluszynski et al. 2000). According to FAO/
IAEA (2001), induced mutations have been used in many 
crops to generate variations in heritable characters such as 
yield, maturity time and nutritional quality. Mutation breed-
ing offers the possibility of inducing desired attributes that 
cannot be found either in nature or have been lost during evolu-
tion (Roy Chowdhury and Tah 2013). The use of physical and 
chemical mutagens had also been employed in many legumes 
and other crops to alter the genetic architecture of plants and 
isolate the possible mutants with desired plant characteristics 
such as plant height, number of pods per plant, number of 
grain per pod, 1000-grain weight, grain yield, oil content and 
disease resistance in major crops such as wheat, barley, rice, 
maize and peanuts (Javed et al. 2000; Chopra 2005; Olawuyi 
and Okoli 2017).

There is limited information on the mutagenic effect of 
gamma radiation on African yam beans. Gamma ray is a 
physical mutagen employed for mutation studies due to its 
shorter wavelength; it possesses ion of more energy per photon 
than X-rays for higher penetration into the tissue (Khin 2006; 
Zhu et al. 2006). The biological effect of ionizing radiation 
like gamma rays depends primarily on the amount of energy 
absorbed by the biological system of which chromosomes are 
the most important target (Van Harten 1998). Gamma rays 
may induce cytological, biochemical, physiological, morpho-
logical and genetic changes in cells and tissues (Kiong et al. 
2008). There is a need to provide information on the mutagen-
icity of gamma radiation on AYB improvement. Therefore, 
this study investigated mitotic chromosomes, pollen fertility 
and morphological response of AYB to gamma radiation.

Materials and methods

Germplasm collection

Five accessions (TSs10, TSs30A, 104B, TSs363 and TSs 
364) were collected from the Genetic Resource Centre of 

the International Institute for Tropical Agriculture (IITA), 
Ibadan, Oyo State, Nigeria.

Source of mutagen and seed treatment

The irradiation was done in ambient conditions at the 
National Institute of Radiation Protection and Research 
(NIRP), University of Ibadan. The five accessions were 
exposed to five dosages (10 Gy, 25 Gy, 100 Gy, 250 Gy 
and 500 Gy) of 60Co (Cobalt 60) gamma source (GAMMA 
BEAM X 200), while 0 Gy served as control. Twenty seeds 
were treated per irradiation dose. The dose rate was gen-
erated using a cylindrical ionization chamber with serial 
number 2545. The radiation field size was 25 cm × 25 cm 
at source to surface of a defector distance of 80 cm. The 
established dose rate as at the time of irradiation was found 
to be 0.012 Gy/s.

Germination test

Germination test was carried out on Whatman No.1 filter 
paper in sterilized 5 cm Petri dishes at room temperature. 
For each treatment in each accession, five seeds were sown 
in labeled Petri dishes moistened with distilled water. The 
seeds were observed daily and those that have protrusions at 
the radicle were considered to have germinated as described 
by Ikhajiagbe et al. (2009). For each Petri dish, three to four 
sprouted seeds out of the five seeds planted were taken as an 
indication of viability. Seeds observed to have sprouted were 
recorded and used to determine the germination percentage.

Planting and cultural practices

The polythene bags were watered in the screen house before 
sowing three seeds of AYB at a depth of 3 cm in the bags 
spaced at 1 m × 1 m apart. After three weeks of sowing, 
plant stand per bag was thinned to one. Stakes 3 m high 
were provided for each plant stand after three weeks of 
seedling emergence. The plants were staked individually to 
avoid mixing accessional yields. The polythene was watered 
regularly after planting till harvest.

Data collection

The plants were observed for both vegetative and reproduc-
tive characteristics in five accessions of African yam bean 
at different treatments. Scoring of qualitative characters was 

Germination percentage (%)

=
Total number of sprouted seeds
Total number of planted seeds

× 100%
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carried out based on visual evaluation, while the quantitative 
characters were scored by counts and measurements using 
the metre rule. All qualitative and quantitative characteri-
zation was carried out according to the Standard African 
yam descriptor (Adewale and Dumet 2011) and Methuen 
handbook of colours chart (Kornerup and Wanscher 1978). 
Data were collected for the following characters as follows:

Germination percentage (GP)

A count of germinated seeds per accession in the laboratory 
was made 2 weeks after sowing and expressed in percentage.

Survival percentage (GP)

A count of sprouted seeds with vigorous growth on the field 
was made 2 and 3 weeks after planting and expressed in 
percentage.

Number of branches/plants (NB)

The primary branches borne on the main shoot of three ran-
domly sampled plants were counted and recorded.

Plant height (PH)

The plant heights were determined by measuring the vine 
length in m of the sampled plants per treatments from the 
soil surface of the polythene bag to the tip of the apex using 
a metre rule. This measurement was taken at 11 weeks after 
planting (WAP); the average height was calculated and 
recorded.

Root length (RL)

The mean length of ten radicles was measured from the 
base to the root tips. The average length was calculated and 
recorded.

Shoot length (SL)

The mean length of ten shoots measured from the base to the 
root tips. The average length was calculated and recorded.

Days to peduncle initiations (DP):

Days from seedling emergence until 50% of the plant stands 
within a plot begin to initiate peduncles; taking 5 plants as 
sampling units.

Hypocotyl length (HL)

Mean length of 10 hypocotyl seedlings was measured from 
the base to the tip when the first primary leaves have fully 
expanded.

Terminal leaf length (TLL)

The average metric distance from the pulvinus to the apical 
tip of 10 fully developed terminal leaflets taken from 5 dif-
ferent plants at the peak of flowering.

Terminal leaf width (TLW)

The average metric distance measured along the widest part 
of 10 fully developed terminal leaflets taken from 5 different 
plants at the peak of flowering.

Petiole length (PL)

Mean length of the 10 petioles from 5 sample plants, meas-
ured from the base to the point where the three leaflets join.

Mitotic studies

To determine the effect of gamma ray on the chromosomes 
of AYB, mitotic study was conducted according to the 
method described by Adesoye and Nnadi (2011). Root tips 
were harvested between the hours of 8 am and 12 noon, 
pre-treated with 0.4% colchicine solution for 3 h, fixed in 
Carnoy’s fluid for 24 h before being transferred to 70% etha-
nol for preservation and stored in the refrigerator at 4 °C 
until when needed. Slides were prepared using young roots 
generated from sprouted seeds. The roots were harvested 
and pre-treated with 0.4% Colchicine solution when their 
radicles were about 1 cm long for 3 h. Then, they were rinsed 
in clean tap water and fixed in 1:3 acetic acid/ethanol (v/v) 
for 24 h. The roots were hydrolyzed in 1 N HCL for five 
minutes at 60 °C, squashed and stained with aceto-orcein 
using the squashing techniques described by Adegbite and 
Olorode (2002).
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Pollen slide preparation

According to the protocols described by Jackson (1962) and 
Olorode and Baquar (1976), pollen grains were collected 
between 9 am and 11 am from unopened, matured flower 
buds. Slides were prepared by dusting pollen grains from 
mature anthers on a clean slide in a drop of cotton blue in 
lacto-phenol and then covered with a cover slip. Five slides 
from five different flowers were prepared for each of the 
accessions and treatment. To estimate the pollen fertility, 
pollen grains were counted from at least ten fields on each 
of the slides prepared for each accession and treatment at 
× 100 magnification. Pollen grains observed to have full 
cytoplasms were considered fertile while those with half or 
shrinked cytoplasms were considered sterile. To estimate 
the percentage of pollen fertility, the number of fertile pol-
len grains was expressed as a percentage of the total pollen 
grains counted. Pollen size was determined by measuring the 
diameter of forty full and deeply stained randomly selected 
pollen grains on the slides prepared for each accession and 
treatment at × 400 magnification using an ocular microm-
eter. The ocular measurements were converted to microns 
using the stage micrometer.

Statistical analysis

Data obtained were subjected to analysis of variance 
(ANOVA) using the generalized linear model (GLM) pro-
cedure in SPSS version 17.0 statistical software. Means were 
separated using Duncan’s Multiple Range Test (DMRT) at 
p ≤ 0.05.

Results

The mean square variance of morphological characters of 
the African yam bean is presented in Table 1. It shows 
that gamma treatment of AYB has an effect on some of the 
morphological characters; however, these effects varied 
from one accession to the other. For instance, whereas 
gamma treatment was observed to significantly induce 
variation in the shoot length and hypocotyls length across 
all accessions, significant variation in the number of 
branches was only observed in accession TSs 10. Among 
all the accession, TSs 30A was observed to have the high-
est number of significant variation in morphological traits 
(plant height, hypocotyls length, number of branches, 
days to peduncle initiation, petiole length, terminal leaf 
length, terminal leaf width, terminal leaf area, shoot 

Table 1   Mean square variance of quantitative morphological characters of African yam bean

df degree of freedom PH plant height (m), HL hypocotyls length (cm), NB number of branches, DPI days to peduncle initiation, PL petiole 
length (cm), TLL terminal leaf length (cm), TLW terminal leaf width (cm), TLA terminal leaf area (cm2), RL radical length (cm), SL shoot length 
(cm)
*value is significant at (p ≤ 0.05)

Accession Sources of variation df PH HL NB DPI PL TLL TLW TLA RL SL

TSs 10 Between group 4 0.025 19.757* 27.567* 32.733 0.159 0.792 0.836 135.476
Within group 10 0.024 1.378 4.733 15.867 0.383 1.072 0.269 58.751
Total 14

TSs 30A Between group 5 4.241* 120.210* 33.422* 3130.189* 21.573* 43.217* 6.314* 587.092* 5.025* 20.935*
Within group 12 0.055 7.462 8.278 36.778 0.604 0.677 0.162 38.651 1.207 2.974
Total 17

104B Between group 4 4.701* 97.949* 11.433 3627.137 16.784* 57.804* 7.403* 766.407* 10.489* 34.137*
Within group 10 0.098 2.944 9.000 33.104 1.139 0.916 0.146 44.610 0.997 4.565
Total 14

TSs 364 Between group 5 0.090 14.109* 1.067 85.689 0.620 2.184 0.793 145.150 2.650 16.546*
Within group 12 0.128 3.111 4.056 50.111 0.341 1.051 0.511 98.016 1.216 3.173
Total 17

TSs 363 Between group 5 0.058 36.990* 17.433 71.522 0.281 1.986 0.381 112.633 3.194* 10.499*
Within group 12 0.047 9.949 7.111 27.444 0.740 1.525 0.121 49.127 0.496 2.694
Total 17
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length and root length) resulting from gamma treatment; 
this is closely followed by 104B (plant height, hypocotyls 
length, petiole length, terminal leaf length, terminal leaf 
width, terminal leaf area, shoot length and root length). 

This suggests that accessions TSs 30A and 104B are more 
radiosensitive than others.

The variation in morphological characters of African 
yam bean by accession is presented in Table 2. It shows that 

Table 2   Morphological 
characters of African yam bean 
by accession

Means with the same letter in the same column are not significantly different at (p ≤ 0.05), according to 
Duncan’s test
PH plant height (m), HL hypocotyls length (cm), NB number of branches, DPI days to peduncle initiation, 
PL petiole length (cm), TLL terminal leaf length (cm), TLW terminal leaf width (cm), TLA terminal leaf 
area (cm2), RL radical length (cm), SL shoot length (cm)

Accession PH HL NB DPI PL TLL TLW TLA RL SL

TSs 10 2.83a 13.01ab 4.36a 70.60b 5.64b 9.70a 3.4a 33.68a

TSs 30A 2.88a 15.01a 5.33a 78.47a 6.02a 9.33ab 3.53a 33.31a 2.54a 4.40ab

104B 2.78a 12.22bc 3.73a 77.20a 5.13c 9.29ab 3.34ab 31.31ab 2.29a 4.34ab

TSs 363 2.76a 11.95bc 4.18a 78.53a 5.72b 9.04b 3.21b 29.21b 2.21a 3.47b

TSs 364 2.75a 10.00c 4.65a 81.25a 4.94c 9.16b 3.34ab 31.00a 2.66a 5.21a

Table 3   Mutagenic effect of 
different gamma doses on 
morphological characters of 
African yam bean

TR treatment (Gy), PH plant height (m), HL hypocotyls length (cm), NB number of branches, DPI days to 
peduncle initiation, PL petiole length (cm), TLL terminal leaf length (cm), TLW terminal leaf width (cm), 
TLA terminal leaf area (cm2), RL radical length (cm), SL shoot length (cm)

Accession TR PH HL NB DPI PL TLL TLW TLA RL SL

TSs 10 0 (control) 2.7a 15.6a 3.3b 73.3a 5.8a 9.9a 3.7ab 35.8ab

10 3.0a 15.5a 6.3b 73.0a 6.1a 10.6a 4.3a 45.3a

25 2.8a 12.3b 10.3a 67.3a 5.7a 10.3a 3.3ab 33.9ab

50 2.8a 11.0bc 3.7b 72.7a 5.5a 10.0a 3.8ab 38.3ab

100 2.9a 10.0c 3.3b 66.7a 5.7a 9.2a 2.9b 26.8b

250
TSs 30A 0 (control) 2.8ab 14.2a 5.0abc 77.3a 5.8b 10.0a 3.9a 38.9a 3.1ab 3.9bc

10 3.1a 14.7a 7.3ab 75.3a 5.6b 9.6ab 3.6a 34.5ab 2.5ab 5.5ab

25 2.6b 16.5a 3.0bc 86.7a 6.3b 8.1b 3.2a 26.1b 3.6a 7.7a

50 2.8ab 17.1a 2.3bc 76.7a 7.8a 8.6ab 3.2a 28.3ab 4.1a 6.5ab

100 3.0ab 12.7a 9.0a 76.3a 5.8b 9.5ab 3.6a 34.0ab 1.0b 1.3c

250 1.0b 1.5c

104B 0 (control) 0.3b 1.1b

10 2.9a 10.7b 4.3a 80.3a 5.4a 8.9b 3.3a 29.6a 4.0ab 8.8a

25 2.7a 11.9b 5.0a 78.5a 5.9a 10.9a 3.5a 38.8a 3.0ab 6.7a

50 2.9a 9.7b 2.3a 76.0a 4.5a 8.6b 3.1a 27.0a 4.4ab 6.5a

100 2.6a 15.3a 2.7a 75.7a 4.8a 10.0ab 3.9a 39.1a 0.7a 1.8b

250
TSs 364 0 (control) 2.8a 9.1bc 4.3a 85.7a 5.3a 8.8ab 2.8a 25.4a 3.7a 7.9a

10 2.8a 13.4a 5.0a 79.0a 5.4a 10.1a 3.7a 37.7a 3.5a 6.8a

25 2.5a 10.2b 4.7a 89.3a 4.5a 7.7b 2.7a 20.7a 2.3ab 3.2b

50 2.8a 9.6bc 5.3a 78.3a 5.4a 9.6ab 3.9a 38.7a 3.0ab 7.3a

100 3.0a 10.0b 3.7a 76.3a 5.2a 9.0ab 3.4a 31.2a 2.3ab 3.3b

250 2.6a 6.6c 5.0a 76.7a 4.4a 8.4ab 3.7a 31.2a 1.2b 2.8b

TSs 363 0 (control) 2.6a 13.3ab 1.7b 82.3ab 6.1a 8.3a 3.0b 24.7b 3.2a 4.1b

10 2.7a 12.3ab 3.7ab 84.3a 5.7a 9.4a 3.4ab 32.3ab 2.8a 7.1a

25 2.8a 15.9a 5.7ab 71.7c 6.0a 9.1a 3.1b 28.6ab 2.2ab 3.3b

50 2.8a 12.6ab 4.0ab 77.0abc 5.2a 8.5a 2.9b 24.5b 3.5a 3.7b

100 2.6a 5.7c 8.7a 78.7abc 5.6a 10.4a 3.9a 40.7a 1.0b 2.0b

250 3.0a 9.6bc 3.3b 73.7bc 5.9a 8.4a 3.2b 26.9b 1.2b 2.0b
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plant height ranged from 2.75 m in TSs 364 to 2.88 m in 
TSs 30A. Similarly, the number of branches and root length 
ranged from 3.73 (TSs 104B) to 5.33 (TSs 30A) and 2.21 cm 
(TSs 363) to 2.66 cm (TSs 364), respectively. These vari-
ations in plant height, number of branches and root length 
were observed to be statistically insignificant. The hypoco-
tyl length in TSs 30A (15.01 cm) is significantly (p ≤ 0.05) 
higher than other accessions except TSs 10 (13.01 cm). Leaf 
length, leaf width and leaf area were observed to be high-
est in TSs10 (9.70 cm, 3.4 cm and 33.68 cm2) but lowest 
in TSs 363 (9.04 cm, 3.21 cm and 29.21 cm2). TSs 10 also 
initiated peduncle earlier (70.60 days) than any other acces-
sion. Generally, TSs 30A had the best mean performance for 
plant height (2.88 m), hypocotyls length (15.01 cm), number 
of branches (5.33 cm), petiole length (6.02 cm) and days 
to peduncle initiation (78.47 days) while TSs 10 had the 
best mean performance for leaf length (9.70 cm), leaf width 
(3.4 cm) and leaf area (33.68 cm2).

Presented in Table 3 is the mutagenic effect of differ-
ent doses of gamma ray on the morphological and growth 
characteristics of the African yam bean. The result shows 
that there is no significant variation in plant height, days to 
peduncle initiation and petiole length across all treatments 
and accessions except in TSs 30A where a significant varia-
tion was observed for plant height. Gamma doses of 25 Gy, 
50 Gy and 100 Gy were observed to significantly decrease 
the hypocotyls length in TSs 10 but significantly increase 
the same in TSs 363. In TSs 10, TSs 30A and TSs 363, 
gamma doses of 25 Gy 100 Gy and 100 Gy were observed 
to induce a significant increase in the number of branches. 
Gamma dose of 25 Gy was observed to result in a significant 
reduction in terminal leaf area in TSs 30A and TSs 364 but a 
significant increase in the same character in 104B.

The effect of gamma radiation on the percentage survival 
of African yam bean accessions is presented in Table 4. 
Observations on seedling survival rate at 14 and 21 days 
after planting showed that a high dose of gamma radia-
tion has a lethal effect on seedling survival. Seedlings from 
500 Gy had the lowest survival rate of 0%. A survival per-
centage of 0% was recorded in the 250 Gy doses of TSs 10, 

TSs 30A and 104B on 21 days after planting as opposed to 
the survival percentage of 100% in both TSs 363 and TSs 
364 at the same dose (Table 4). Percentage seed germination 
was observed in all treatments in all accessions (Table 5). 
The result showed that the effect of exposure to different 
doses of gamma radiation varied from one accession to the 
other. Generally, the germination percentage varied from 
11.11% in 500 Gy to 77.78% in 25 Gy. Non-radiated seeds 
(control) in all accessions have a germination percentage of 
33.33% except accession 104B with 0%. Although a gamma 
dose of 10 Gy induced an increase in the germination per-
centage of accessions TSs 30A, 104B and TSs 364, it caused 
a decrease in the germination of TSs 10 and had no effect 
on TSs 363. Similarly, a dose rate of 25 Gy had no effect 
on the germination rate of TSs 30A but evidently raised the 
germination rate in 104B and TSs 363 when compared to 
the control. Dose rates of 50 Gy and 100 Gy were observed 
to consistently increase the percentage of germination in 
all accessions except TSs 10. However, no dose produced 
a consistent reduction in percentage germination in all the 
accessions.

Presented on Table 6 is the result of the correlation analy-
sis of the growth and morphological traits of the African 
Yam Bean. Generally, it shows that the morphological traits 
are more strongly related to each other in TSs 30A and 10B 

Table 4   Survival percentage of 
African yam bean accessions 
as affected by different doses of 
gamma radiation

TR treatment (Gy), DAP days after planting

Survival at 14 DAP (%) Survival at 21 DAP (%)

TR TSs 10 TSs 30A 104B TSs 363 TSs 364 TSs 10 TSs 30A 104B TSs 363 TSs 364

0 (control) 100 100 0 100 100 100 100 0 100 100
10 100 100 100 100 100 100 100 100 100 100
25 100 100 100 100 100 100 100 100 100 100
50 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100
250 100 75 100 100 100 0 0 0 100 100
500 0 0 0 0 0 0 0 0 0 0

Table 5   Germination in African yam bean as affected by gamma 
radiation

TR treatment (Gy)

% Germination of Africa yam bean accessions

TR TSs 10 TSs 30A 104B TSs 363 TSs 364

0 (control) 33.33 33.33 0 33.33 33.33
10 11.11 66.67 33.33 33.33 44.44
25 11.11 33.33 22.22 77.78 22.22
50 22.22 44.44 33.33 66.67 44.44
100 22.22 66.67 55.56 44.44 44.44
250 22.22 44.44 11.11 44.44 44.44
500 0 11.11 11.11 44.44 22.22
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Table 6   Correlation coefficients of quantitative morphological characters of African yam bean

Accession RL SL HL PH NB DPI PL TLL TLW TLA

TSs 10
 RL
 SL
 HL
 PH 0.154
 NB 0.107 0.112
 DPI 0.322 − 0.183 − 0.462
 PL 0.386 0.214 − 0.017 0.379
 TLL 0.296 0.363 0.181 0.035 − 0.294
 TLW 0.594* 0.312 − 0.216 0.487 0.220 0.648**

 TLA 0.529* 0.344 − 0.103 0.377 0.073 0.816** 0.966**

TSs 30A
 RL
 SL 0.868**

 HL 0.543* 0.556*

 PH 0.415 0.450 0.841**

 NB − 0.170 − 0.250 0.370 0.551*

 DPI 0.491* 0.486* 0.911** 0.922** 0.476*

 PL 0.616** 0.580* 0.928** 0.890** 0.376 0.917**

 TLL 0.310 0.311 0.815** 0.962** 0.584* 0.918** 0.835**

 TLW 0.298 0.303 0.805** 0.941** 0.586* 0.905** 0.818** 0.992**

 TLA 0.172 0.162 0.692** 0.884** 0.609** 0.811** 0.705** 0.969** 0.977**

104B
 RL
 SL 0.914**

 HL 0.232 0.254
 PH 0.547* 0.514* 0.856**

 NB 0.318 0.379 0.425 0.458
 DPI 0.625* 0.627* 0.872** 0.939** 0.502
 PL 0.404 0.435 0.869** 0.925** 0.510 0.876**

 TLL 0.434 0.479 0.914** 0.920** 0.457 0.950** 0.934**

 TLW 0.369 0.376 0.948** 0.944** 0.419 0.935** 0.944** 0.978**

 TLA 0.228 0.289 0.912** 0.854** 0.393 0.858** 0.929** 0.968** 0.967**

TSs 364
 RL
 SL 0.834**

 HL 0.419 0.335
 PH 0.199 0.208 0.118
 NB − 0.314 − 0.158 − 0.078 0.182
 DPI − 0.060 − 0.106 − 0.087 − 0.161 0.129
 PL 0.670** 0.563* 0.313 0.200 − 0.240 − 0.007
 TLL 0.195 0.469* 0.312 0.225 0.209 − 0.591** 0.131
 TLW − 0.171 0.162 − 0.003 0.059 0.194 − 0.643** − 0.124 0.855**

 TLA − 0.010 0.308 0.129 0.117 0.180 − 0.653** − 0.036 0.939** 0.978**

TSs 363
 RL
 SL 0.600**

 HL 0.569* 0.394
 PH − 0.146 − 0.220 0.116
 NB − 0.424 − 0.310 − 0.494* − 0.068
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than in any other accession. It also reveals that the location 
and mode of inheritance of these traits—except terminal 
leaf length, terminal leaf width and terminal leaf area, vary 
from one accession to another. In all accessions, there exist 
a strong relationship between the terminal leaf length, termi-
nal leaf width and terminal leaf area. This indicates that the 
traits are co-located on the same locus, and are jointly seg-
regated and inherited. There is a highly significant positive 
relationship between the root and shoot lengths in TSs 30A, 
104B, TSs 363 and TSs364. Similarly, in TSs 30A and 104B, 
there is a strong correlation between the hypocotyls length, 
plant height, days to peduncle initiation, petiole length, ter-
minal leaf length, terminal leaf width and terminal leaf area. 
In TSs 30A, 104B and TSs 364, days to peduncle initiation, 
terminal leaf length, terminal leaf width and terminal leaf 
area strongly correlates with each other but not in TSs 10 

and TSs 363 (Table 6). The result of the principal compo-
nent analysis in Table 7 delineated the growth characteristics 
of the African yam bean into nine components. The first four 
components with Eigen value above 1 explain 72.32% of 
the total variation. Component 1 with Eigen value of 3.22 
accounts for 29.06% of the total variation is a measure of the 
leaf character which shows that the leaf length, leaf width 
and leaf area are related. This indicates that an increase or 
decrease in any of these characters induced by a dose of 
gamma radiation will result in a corresponding increase or 
decrease in others. Prin 2 accounted for 18.51% of the total 
variation and shows that the root length is associated with 
the shoot length, while the number of branches and days to 
peduncle initiation in prin 3 are positively related but nega-
tively related with the plant height (Table 7). Phylogenetic 
relationship of qualitative morphological characters of the 
African yam bean is presented in Fig. 1.

The accessions were grouped into six (6) main clusters. 
Group 1 consists of 104B 50 Gy, TSs 363 250 Gy, TSs 363 
50 Gy and TSs 364 50 Gy while Group 2 composed of 104B 
100 Gy, TSs 363 100 Gy, TSs 363 CTR, TSs 10 10 Gy and 
TSs 10 25 Gy. Group 3 is a monolifolious group of TSs 364 
10 Gy. Group 4 comprises TSs 363 25 Gy, TSs 364 CTR, 
TSs 364 25 Gy, TSs 363 10 Gy, TSs 364 100 Gy and TSs 364 
250 Gy. Group 5 contains TSs 30A 50 Gy, TSs 10 CTR, TSs 
30A 10 Gy, TSs 30A 100 Gy, TSs 10 50 Gy, TSs 30A CTR, 
TSs 30A 25 Gy and the last group is composed of 104B 
10 Gy, 104B 25 Gy and TSs 10 100 Gy. It was observed 
that all the treatments in TSs 30A were closely related to the 
control and TSs 364 25 Gy, 100 Gy and 250 Gy were more 
related to the control than 10 Gy and 50 Gy. On the other 
hand, 104B is less related except 10 Gy and 25 Gy which 
are in the same group (Fig. 1). Gamma radiation produced 
abnormalities in the cell division of African yam bean acces-
sions shown in Figs. 2 and 3. The 0 Gy (control) showed a 
normal metaphase chromosome. However, a gamma dose of 
25 Gy had sticky metaphase, while 10 Gy, 50 Gy, 100 Gy, 
250 Gy and 500 Gy had scattered metaphase arrangement.

Table 6   (continued)

Accession RL SL HL PH NB DPI PL TLL TLW TLA

 DPI 0.319 0.582* 0.091 − 0.231 − 0.275
 PL 0.077 − 0.009 − 0.108 0.084 − 0.161 − 0.195
 TLL − 0.562* − 0.133 − 0.388 − 0.147 0.234 − 0.107 − 0.048
 TLW − 0.623** − 0.132 − 0.680** − 0.106 0.345 − 0.053 0.217 0.808**

 TLA − 0.607** − 0.140 − 0.569* − 0.143 0.293 − 0.073 0.103 0.943** 0.952**

Table 7   Principal component analysis of morphological characters of 
African yam bean

PH plant height (m), HL hypocotyls length (cm), NB number of 
branches, DPI days to peduncle initiation, PL petiole length (cm), 
TLL terminal leaf length (cm), TLW terminal leaf width (cm), TLA 
terminal leaf area (cm2), RL radical length (cm), SL shoot length 
(cm), PC1 principal component 1, PC2 principal component 2, PC3 
principal component 3, PC4 principal component 4

PC1 PC2 PC3 PC4

RL 0.36 0.88 0.06 0.09
SL 0.34 0.86 0.08 0.05
HL 0.41 0.20 − 0.26 − 0.37
PH 0.34 0.02 − 0.50 0.48
NB 0.28 − 0.35 0.59 0.27
DPI − 0.10 0.16 0.75 0.25
PL 0.19 − 0.10 − 0.35 0.67
TLL 0.90 − 0.09 − 0.12 − 0.29
TLW 0.94 − 0.20 0.20 − 0.11
TLA 0.96 − 0.14 0.01 − 0.19
Eigen Value 3.22 1.76 1.37 1.09
Proportion (%) 29.06 18.51 13.88 10.87
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Discussion

Pollen fertility was observed to decrease with an increase 
in radiation dose. This is in accordance with the report 
of Priyanka (2006), who observed a decrease in pollen 
fertility of irradiated soya bean. The absence of visible 
chromosomal damage despite variations in growth char-
acter could imply that chromosomal damage caused by 
the radiation was only at the base level (deletion, inver-
sion and translocation). The study showed that gamma 
radiation brought about a reduction in the survival rate 
indicating that the African yam bean accessions were 
sensitive to gamma radiation. This conforms to the find-
ings of Kavera (2008) on the survival of gamma-radiated 

crops. The lower survival rate observed at 250 Gy of TSs 
10, TSs 30A and 104B show that they were more sensitive 
to gamma radiation than TSs 363 and TSs 364. Muta-
genic sensitivity of African yam bean accessions could 
be due to the level of differentiation of rudimentary plant 
parts at the time of treatment and on the other hand, to 
the extent of damage to the growth components like rate 
of cell division, cell elongation and various hormones 
and biosynthetic pathways related to growth and devel-
opment (Burghate et  al. 2013). Mensah and Obadoni 
(2007) also attributed decrease in the survival percent-
age of irradiated plants to the physiological disturbance 
or chromosomal damage caused to the cells of the plant 
by the mutagen. This could be the case for the total loss of 
500 Gy in all the African yam bean accessions indicating 

Fig. 1   Dendrogram showing the phylogenetic relationships among African yam bean accession
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that African yam bean cannot tolerate a dose level higher 
than 250 Gy. The variation observed in the response of 
the accessions to different doses of gamma radiation sug-
gests that the response was genotype specific. This could 
be attributed to the variation that had been reported in the 
germplasm of AYB (Ikhajiagbe and Mensah 2012; Ojued-
erie et al 2014). Tshilenge-Lukanda et al (2012) observed 
that the response of groundnut cultivars to gamma radia-
tion varied with genotype. Benslimani and Khelifi (2009) 
also observed varietal differences in the response of four 
groundnut cultivars to gamma radiation. The reduction in 
seed germination observed in 250 Gy (irradiated) seeds 
of AYB accessions and the loss of viability in 500 Gy 
seeds could be due to the mutagenic damage caused by 

the effect of gamma irradiation. This agrees with previous 
observations made by Olawuyi et al. (2016). Aparna et al. 
(2012) reported that germination percentage in groundnut 
decreased after irradiation and the effect became stronger 
with an increase in gamma dose. In general, gamma radia-
tion was observed to induce both upward and downward 
shifts in the growth characters of the African yam bean 
accessions studied.

Fig. 2   Pollen cells in gamma radiated and non-radiated African yam bean accessions 100 ×. A fertile pollen, B infertile pollen
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Conclusions

These TSs 30A and 104B were the most sensitive to 
gamma radiation among the studied accessions. Gamma 
radiation at 500 Gy reduced the fertility of African yam 
bean pollens. TSs 30A performed best with respect to 
seed germination and growth characteristics. A dose range 
between 10 and 50 Gy was recorded as the optimal dose 
for inducing useful mutations in African yam bean acces-
sions in this study. The TSs 30A performed best and is 
therefore recommended for mutagenic breeding of AYB.
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