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Abstract

Cowpea (Vigna unguiculata (L.) Walp.) is an important legume crop cultivated in many regions of Nigeria. It serves as a source
of protein, nutrients and income for communities. However, its production and yield potential are severely affected by drought
which has been a prevalent constraint over the years, posing a significant threat to cowpea production and food security hence the
need to develop mutant lines that can withstand drought conditions for continuous sustenance of lives and livelihoods. This study
aimed to determine the effects of mutagens on drought tolerance indices in selected cowpea mutant lines treated with gamma
irradiated and Ethyl Methane Sulphonate (EMS) collected from the gene bank of Plant Biology, Federal University of
Technology Minna, Niger State. These mutant lines were subjected to water stress for two weeks and assessed for drought
tolerance potential. The study revealed that gamma rays and EMS had significantly effects on drought tolerance indices. The
Geometric Mean Productivity (GMP) ranged from 4.11 (V2G4) to 7.11 (V3EG3). Stress Intensity (SI) values ranged from 0.050
(V1EG4) to 0.585 (V2G4). V1EG4 exhibited the lowest SI. The SSI values of the cowpea mutant lines ranged from 0.43 in
genotype V1EGA4 to 2.69 in genotype V2G4. It was observed that four mutant lines namely; V1EG4 (0.43), V1G4 (0.47), V3EG3
(0.48), VIEG3 (0.58), V3EGL1 (0.95) respectively had SSI value less than one (1). The Tolerance Index (TOL) ranged from 8.60
(V3EG3) to 12.93 (V2G4). The TOL values of the mutant lines V3EG3 exhibited the lowest and in contrast; V2G4 had the
highest TOL, Stress Tolerance Index (STI) values of the cowpea mutant lines ranged from 0.407 in genotype V2G4 to 1.949 in
genotype V3EG3. Mutant lines VIG4 (1.741) V1EG3 (1.893), V1EG4 (1.816) and V1EGS3 (1.893) also had higher STI as
compared to mutant lines V2EG4 (0.892), V1EG2 (0.714) V3G4 (0.709) and V3GL1 (0.548). YI values ranged from 0.32 in
genotype V2G4 to 2.24 in genotype V3EG3. The HM values ranged from 3.86 in genotype V2G4 to 7.08 in genotype V3EG.
Drought tolerance indices studied confirms that mutagen treatments such as gamma rays and EMS significantly affected the
tolerance and productivity of cowpea positively. Mutant lines such as such as V3EG3, V1G4 and V1EG4 exhibited enhanced
drought tolerance as evidenced in their high MP, GMP, and STI values, along with low TOL and SSI values suggesting this
mutant lines could be used for improving drought tolerance in cowpea breeding initiatives.
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1. Introduction

Cowpea [Vigna unguiculata (L.) Walp.] is an important
legume crop which serves as food and animal feed crop grown
in the semi-arid tropics covering Africa, Asia, Europe, the
United States, and Central and South America. This legume
crop is cultivated in several regions of Nigeria including Ni-
ger State. It serves as a vital source of protein, essential nu-
trients, and income for both small-scale farmers and rural
communities. It also has an incredible capacity to improve soil
fertility and avert erosion which makes it an important eco-
nomic crop in so many developing countries like Nigeria [1].
However, the production and yield capacity of cowpea are
brutally affected by drought stress which is a prevailing con-
straint in these regions [2].

Drought is a complex abiotic stress condition that adversely
affects plant growth, development, and productivity leading to
a major cause of the reduction of global agricultural produc-
tion. It is characterized by lengthened periods of limited water
availability, increase in temperature and decrease in the rela-
tive humidity which results to wilting, reduced photosynthesis,
and ultimately yields losses of the plants. Drought is a limiting
factor for both quality and production in several plants with
agronomic potentials including cowpea. The occurrence of
drought during the growing, development, reproductive and
maturity stages of cowpea usually results in lower growth
rates, development, flower abortion, lower weight of the aer-
ial part of the plant, reduction in the expansion rate of leaf area
and severe reductions in gas exchange thus complicating the
reproduction process in cowpea [3].

Despite the demands of cowpea outweighs the market supply
due to increase in consumer’s preference and its various uses in
the production of African cake and oil over the years, its pro-
duction is generally low as a result of some factors such as
drought. This can also be traced to lack of improved mutant
lines for drought and insignificant increase in production via
conventional breeding [4]. In Niger State where cowpea is one
of the major food crop widely grown, the crop is yet to witness
successful breeding programme for its improvement and to
further enhance its productivity to the fullest. Scientists have
developed high yielding mutant lines with early or medium
maturity period, consumer preferred traits and resistance to
some of the major diseases, pests, nematodes, and parasitic
weeds. Conversely, little or nothing has been done on identi-
fying the gene responsible for drought tolerance and breeding
drought tolerant mutant lines in Niger State, Nigeria. Hence, an
urgent needs to identify mutant lines with drought tolerance and
water stress sensitivity characteristics [5].

Induced mutation as plant breeding strategy has been rec-
ognized to be harmless and low-cost technique [6]. According
to [7], genetic variability for several desired characters can be
induced successfully through mutations and its realization for
plant improvement programmes has been well established.
Exploring the techniques for assessment of genetic diversity is
crucial for efficient identification and selection of drought

resistant gene. According to [8], gamma irradiation has been
reported to be a rapid method of improving the qualitative and
quantitative traits of many crops and used to produce a
number of useful mutants. Ethyl methane sulfonate (EMS)
has been shown to be a very effective and efficient chemical
mutagen for inducing variability in plant due to its reactive
alkyl groups, which are transferred to other molecules at
higher electron density [9]. Therefore, the effects of muta-
genic treatments on drought tolerance indices of selected
cowpea cowpea [Vigna unguiculata (L.) Walp.] mutant lines
from Niger State, Nigeria was evaluated with the aim of
identifing and selecting promising mutants lines with en-
hanced drought tolerance.

2. Materials and Methods

2.1. Collection of Mutant Lines

Cowpea mutant lines treated with four different doses of
gamma irradiation namely; 200Gy, 400Gy, 600Gy and 800Gy
and a constant concentration of 0.372v/v of ethyl Methane
Sulphonate (EMS) were selected from the gene bank of Plant
Biology, Federal University of Technology Minna, Niger
State, Nigeria.

2.2. Experimental Site

The experiment was conducted at the experimental garden of
the Department of Plant Biology, Federal University of Tech-
nology, Minna, Nigeria. Minna is geographically located in the
North Central Zone of Nigeria, within longitude 60 33’ East
and latitude 90 37° North. It is basically a grassland savannah
area, and has a tropical climatic condition with a mean annual
temperature, relative humidity and rainfall of 20-300C, 61.00%
and 1334.00 cm respectively. The climate brings about two
seasons: a rainy season between May and October and a dry
season between November and April [10].

2.3. Experimental Design

The experimental design used for this study is a Completely
Randomized Design (CRD). Identification numbers were as-
signed to the seventeen mutant line seeds. The seeds of each
mutant lines were planted with five replication which made a
total of eighty-five planting pots. Four healthy seeds were
planted in 10- litre experimental pots filled with 10 kg of topsoil.
The plants were thinned from four to two seeds per pot after 8
days of planting (DAP) for optimal growth [11]

2.4. Induced Water Stress

The mutant lines and control plants were watered daily
until the 40th day after planting, and the mutant lines were
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subjected to water stress while the control plants were still
watered. The mutant lines were not watered for two weeks
and watering was reintroduced. Mutant lines which had at
least 10 % survival after exposure for two weeks drought
were recorded and selected for further studies on drought
tolerance indices.

2.5. Determination of Drought Tolerance
Indices

Drought tolerance indices were determined according to the
method of [12]. The following drought tolerance indices were
determined for each of the genotype treatments.

Tolerance index (TOL) = Ypi - Ysi [13] 1)

Mean productivity (MP) = Ypi + Ysi/ 2 [13] (2)
Geometric mean productivity (GMP) = (Ypi - Ysi) 1/2 [14] (3)
Stress intensity (S1) = 1- (Ys/Yp) [12] (@)

Stress susceptibility index (SSI) = (1-Ysi / Ypi) /SI [12] (5)
Stress tolerance index (STI) = Ypi xXYsi / Yp2 [14] (6)
Yield index (Y1) = Ysi/ Ys [15] (7)

Harmonic Mean = 2 (Ypi x Ysi) / Ypi + Ysi [15] 8

(Ysi = Yield in stress environment; Ypi = Yield in Non-
stress environment; Ys = Mean yield in stress environment;
Yp = Mean yield in non-stress environment)

3. Results

The effects of mutagenic treatments on drought tolerance
indices of selected mutant lines is presented in (Tables 1 and
2). The Mean Productivity (MP) ranged from 4.37 in geno-
type V2G4 to 7.13 in genotype V3EG3The Geometric Mean
Productivity (GMP) ranged from 4.11 in V2G4 to 7.11 in
V3EG3. Stress Intensity (SI) values ranged from 0.050
(V1EG4) to 0.585 (V2G4). V1EG4 exhibited the lowest SI.
The SSI values of the cowpea genotypes ranged from 0.43 in
genotype V1EG4 to 2.69 in genotype V2G4. It was observed
that four genotypes namely; V1EG4 (0.43), V1G4 (0.47),
V3EG3 (0.48), VIEG3 (0.58), V3EG1 (0.95) respectively had
SSI value less than one (1).

The Tolerance Index (TOL) ranged from 8.60 (V3EG3) to
12.93 (V2G4). The TOL values of the genotypes V3EG3
exhibited the lowest and in contrast; V2G4 had the highest
TOL, Stress Tolerance Index (STI) values of the cowpea
genotypes ranged from 0.407 in genotype V2G4 to 1.949 in
genotype V3EG3. Genotypes VIG4 (1.741) V1EG3 (1.893),
V1EG4 (1.816) and V1EG3 (1.893) also had higher STI as

compared to genotypes V2EG4 (0.892), V1EG2 (0.714)
V3G4 (0.709) and V3G1 (0.548). Y| values ranged from 0.32
in genotype V2G4 to 2.24 in genotype V3EG3. The HM
values ranged from 3.86 in genotype V2G4 to 7.08 in geno-
type V3EG3.

Table 1. Effect of Gamma Irradiation and EMS on drought toler-
ance indices of Cowpea Mutant lines.

MUTANT LINES TOL MP GMP SI

V3G1 10.64 5.65 5.64 0.108
V1EG3 10.80 7.07 6.06 0.560
V3EG3 8.60 7.13 7.11 0.062
V1EG4 11.10 5.42 5.39 0.050
V2EG4 11.20 5.52 551 0.106
V3EG1 11.20 5.37 5.34 0.201
V3G4 11.74 5.10 5.03 0.291
V1G4 9.77 7.00 6.81 0.085
V1EG2 12.14 6.40 6.31 0.280
V2G4 12.93 4.37 4.11 0.585

Keys: TOL: Stress tolerance, MP: Mean productivity, GMP: Geo-
metric mean productivity, SI: Stress index. Where Ys and Yp repre-
sent yield in stress and non-stress conditions, Ys and Yp: mean yield
of all mutant lines in stress and non-stress conditions respectively.

Table 2. Effect of Gamma Irradiation and EMS on drought toler-
ance indices of Cowpea Mutant lines.

MUTANT LINES  SSI STI Yl HM
V3Gl 1.13 0.548 1.09 5.63
V1EG3 0.58 1.893 2.04 6.55
V3EG3 0.48 1.949 2.24 7.08
V1EG4 0.43 1.816 1.10 5.37
V2EG4 2.85 0.892 1.53 5.50
V3EG1 0.95 1.499 1.84 5.30
V3G4 1.98 0.709 1.24 4.95
V1G4 0.47 1.741 2.01 6.58
V1EG2 1.48 0.714 1.42 6.23
V2G4 2.69 0.407 0.32 3.86

SSI: Stress susceptibility index, STI: Stress tolerance index, YI:
Yield index, HM: Harmonic mean. Where Ys and Yp represent yield
in stress and non-stress conditions, Ys and Yp: mean vyield of all
mutant lines in stress and non-stress conditions respectively.
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4. Discussion

Drought tolerance indices which provides a measure for
determining the level of drought based on its evaluation on
its yield loss under stressed conditions as compared to
non-stressed conditions has been used to screen for drought
tolerant genotypes [16] and the result revealed that The
Mean Productivity (MP) which is the average yield of a plant
under both non-stress and stress conditions was highest in
genotype V3EG3 and lowest in genotype V2G4. According
to [9], higher MP indicates better overall performance of a
plant and V3EG3 had the highest MP signifying superior
performance of the cowpea genotype in both stressed and
non-stressed conditions, whereas V2G4 had the lowest MP,
indicating the poorest performance of the genotype among
others. In addition; The Geometric Mean Productivity (GMP)
which is the square root of the product of the yields under
non-stress and stress conditions helps to provide a balanced
measure of performance under both conditions. V3EG3
recorded the highest GMP indicating that V3EG3 has a
stable performance across conditions. Similar to what was
obtained as the MP, V3EG3 also showed the highest GMP,
reinforcing its resilience, while V2G4 had the lowest GMP,
indicating less stability. This result is in line with the find-
ings of [17]. Furthermore, Stress Intensity (SI) is used to
measure the severity of stress impact on the yield of plant. A
lower Sl values suggest less severe stress impact on yield.
V1EG4 exhibited the lowest Sl, indicating minimal yield
reduction under stress, whereas V2G4 had the highest SI,
suggesting significant stress impact [18]. Stress Suscepti-
bility Index (SSI) compares the reduction in yield under
stress to the average reduction of all plants. Lower SSI in-
dicates better stress tolerance A genotype with SSI value
lesser than one (1) is considered to be tolerant to drought
[19]. The SSI values of the cowpea genotypes V1EG4,
V1G4, V3EG3, VIEGS, V3EGL1 respectively had SSI value
less than one (1) indicating the high resistance to drought
with genotypes V1EG4 exhibiting the lowest SSI making it
the most drought-tolerant genotype, while V2G4 had the
highest SSI indicating high susceptibility to drought stress
[18]. Selection based on SSI alone cannot be used to dis-
tinguish genotypes with high yield from those with low yield
as changes caused by drought stress to genotypes is revealed
better through the Tolerance Index (TOL) of the plant. Tol-
erance Index (TOL) is used to measure the difference in
yield between non-stress and stress conditions. A lower level
of TOL index indicates less change and better tolerance to
stress [20]. The TOL values of the genotypes V3EG3 ex-
hibited the lowest TOL suggesting it as the most tolerant to
drought stress. In contrast, V2G4 had the highest TOL,
indicating lower drought tolerance. This result aligns with
the findings of [9]. Stress Tolerance Index (STI) measures
the plant's yield potential under both conditions relative to
the average yield. Higher STI indicates better stress toler-
ance. V3EG3 had the highest value of STI while V2G4 had

the lowest value. Genotypes VIG4, V1EG3, V1EG4 and
V1EG3 also had higher STI as compared to genotypes
V2EG4, V1EG2, V3G4 and V3G1, this result revealed that
genotype V3EG3 performed best under stress conditions,
while V2G4 had the lowest STI, indicating poor perfor-
mance [21]. Yield Index (Y1) is the ratio of the yield under
stress conditions to the yield under non-stress conditions.
Higher YI indicates better yield under stress. Higher Yl
values indicate better yield under stress conditions relative
to non-stress conditions. Genotypes V3EG3 had the highest
Y1, suggesting it maintained higher yields under stress,
while V2G4 had the lowest Y1 [22]. Harmonic Mean (HM)
is a tolerance index that is useful when the average of rates is
desired. It provides a balanced measure of yield under both
conditions. Higher HM values indicate better overall per-
formance and genotypeV3EG3 had the highest HM, show-
ing superior performance across conditions, whereas V2G4
had the lowest HM, indicating poorer performance (Koba-
yashi et al., 2019).

The drought tolerance indices reveal that V3EG3, V1G4
and V1EG4 are among the most resilient genotypes V3EG3
consistently showed high performance across most indices,
indicating strong resilience and productivity under both stress
and non-stress conditions. On the other hand, V2G4 consist-
ently showed lower performance, indicating it is less suitable
for drought-prone environments. The study confirms that
mutagen treatments, such as gamma rays and ethyl methane
sulphonate, can significantly affect the drought tolerance and
productivity of cowpea landraces. Treatments like V3EG3,
V1G4 and V1EG4 exhibit enhanced drought tolerance, as
evidenced by their high MP, GMP, and STI values, along with
low TOL and SSI values. This suggests that these treatments
could be potential candidates for improving drought resilience
in cowpea crops.

5. Conclusions

Based on this study, it can be conclude that the mutant
lines collected from the gene bank of the Department of
Plant Biology, Federal university of Technology, Minna,
Nigeria embraced wide ranges of genetic diversities with
distinctive morphological characteristics and identities that
can be selected and used in crop improvement programmes.
Also, the mutant lines responded in different ways to water
stress which indicates variability in their genetic makeup
which provides a good basis for selecting the best drought
tolerant genotypes in a cowpea improvement programme.
The study also revealed that the mutant lines; V3EG3,
V1G4 and V1EG4 were the most droughts tolerant as ev-
ident by their high MP, GMP, and STI values, along with
low TOL and SSI values. This suggests that these mutant
lines could be potential candidates for improving drought
resilience in cowpea crops.
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EMS  Ethyl Methane Sulphonate
TOL  Tolerance Index

MP Mean Productivity

GMP  Geometric Mean Productivity
Sl Stress Intensity

SSI Stress Susceptibility Index
STI Stress Tolerance Index

Yl Yield Index

HM  Harmonic Mean

Acknowledgments

| want to express my heart of gratitude to all the staff of the
department of Plant Biology, Federal University of technol-
ogy, Minna and particularly to my supervisors; Prof O. A.
Falusi, Dr. Daudu O. A. Yusuf and Dr Abubakar. A for their
unwaving supports, guidians, corrections and encouragement
all through this research work.

Author Contributions

Ibikunle Kehinde Bukola: Conceptualization, Resources,
Data curation, Funding acquisition, Writing — original draft,
Investigation, Visualization

Falusi Ahmed Olamide: Methodology, Supervision, Val-
idation, Writing — review & editing

Daudu Oladipupo Abdulazeez: Methodology, Project
administration, Supervision, Validation, Writing — review &
editing

Abubakar Abdulhakeem: Formal Analysis, Project ad-
ministration, Software, Writing — review & editin

Funding

This work is not supported by any external funding.

Data Availability Statement

The data supporting the outcome of this research work has
been reported in this manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

References
[1] Omoigui, L. O., Kamara, A. Y., Kamai, N., Ekeleme, F., &
Aliyu, K. T. Guide to cowpea production in Northern Nigeria.
2020. https://hdl.handle.net/10568/119499

(2]

(3]

(4]

(5]

(6]

[7]

(8]

[0

[10]

[11]

[12]

[13]

117

Bolarinwa, K. A., Ogunkanmi, L. A., Ogundipe, O. T,
Agboola, O. O., & Amusa, O. D. An investigation of cowpea
production constraints and preferences among small holder
farmers in Nigeria. GeoJournal, 2023. 1-13.
https://doi.org/10.1007/s10708-021-10405-6

Begna, T. Effects of drought stress on crop production and
productivity. International Journal of Research Studies in Ag-
ricultural Sciences. 2020, 6(9), 34-43.
https://doi.org/10.20431/2454-6224.0609005

Jellason, N. P., Conway, J. S., Baines, R. N., & Ogbaga, C.C. A
review of farming challenges and resilience management in the
Sudano-Sahelian drylands of Nigeria in an era of climate
change. Journal of Arid Environments. 2021, 186, 104398.
https://doi.org/10.3390/app11125750

Wu, J., Wang, J., Hui, W., Zhao, F., Wang, P., Su, C., & Gong,
W. Physiology of plant responses to water stress and related
genes: A review. Forests. 2022, 13(2), 324.
https://doi.org/10.3390/f13020324

Yali, W., & Mitiku, T. (2022). Mutation breeding and its im-
portance in modern plant breeding. Journal of Plant Sciences.
2022, 10(2), 64-70. https://doi.org/10.11648/j.jps.20221002.13.

\eeranagappa, P., Manu, B., Prasad, G., Blair, M. W., Hickok,
D., Naveena, N. L., ... & Tripathi, K. Advanced Breeding
Strategies for Abiotic Stress Tolerance in Cowpea. Genomic
Designing for Abiotic Stress Resistant Pulse Crops. 2022,
115-144. https://doi.org/10.1007/978-3-030-91039-6_4

Bado, S., Forster, B. P., & Maghuly, F. Physical and chemicals
mutagenesis in plant breeding. In Mutation breeding for sus-
tainable food production and climate resilience. 2023, (pp.
57-97). Singapore: Springer Nature Singapore.
https://doi.org/10.1007/978-981-16-9720-3_3

Eswaramoorthy, V., Kandasamy, T., Thiyagarajan, K., Vanniarajan,
C., & Jegadeesan, S. Effectiveness and efficiency of electron beam
in comparison with gamma rays and ethyl methane sulfonate mu-
tagens in cowpea. Applied Radiation and lIsotopes. 2021, 171,
109640. https://doi.org/10.1016/j.apradiso.2021.109640

Adegbenro F. Assessment of Public Perception of Climate Change
Issues in Minna, Niger State, Nigeria. 2022, Vol. 8 (Number 1):
14-22. https:/Mmww.researchgate.net/publication/362158621

Abdullahi, W. M., Dianda, M., Boukar, O., Dieng, I., Mo-
hammed, G. S., Belko, N., ... & Vanlauwe, B. Integrated
management of Striga gesnerioides in cowpea using resistant
varieties, improved crop nutrition and rhizobium inoculants.
Plant and Soil. 2022, 473(1), 197-213.
https://doi.org/10.1007/s11104-022-05295-7

Ajayi, A. T. Relationships among drought tolerance indices
and yield characters of cowpea (Vigna unguiculata L. Walp).
Int. J. Sci. Res. in Biological Sciences. 2020, Vol, 7(5).
http://www.isroset.org

Gnankambary, K., Sawadogo, N., Diéni, Z., Batieno, T. B. J.,
Tignegré J. B. D. S., Sawadogo, M., & Ouelraogo, T. J. As-
sessment of cowpea (Vigna unguiculata (L.) Walp.) mutant lines
for drought tolerance. International Journal of Agronomy. 2020,
(1), 8823498. https://doi.org/10.3390/agronomy11071287


http://www.sciencepg.com/journal/plant

Plant

http://www.sciencepg.com/journal/plant

[14] Ngompe Deffo, T., Kouam, E. B., Mandou, M. S., Bara, R. A.
T., Chotangui, A. H., Souleymanou, A., ... & Tankou, C. M.
(2024). Identifying critical growth stage and resilient geno-
types in cowpea under drought stress contributes to enhancing
crop tolerance for improvement and adaptation in Cameroon.
2024, Plos one, 19(6), e0304674.
https://doi.org/10.1371/journal.pone.0304674

[15] Missanga, J., Ndakidemi, P., & Venkataramana, P. Lablab pur-
pureus: Evaluation and Selection of Drought-tolerant-High-yielding
Accessions in Dry Farming Systems Based on Drought Tolerance
Indices and Multi-environmental Yield Trials. Journal of Agricul-
tural Sciences. 2023, 29(2), 690-709.
http://dx.doi.org/10.15832/ankuthd.1169256

[16] Sanogo, S. A., Diallo, S., Batieno, T. B. J., Ishola, A. 1.,
Sawadogo, N., & Nyadanu, D. Screen House Assessment of
Cowpea [(Vigna unguiculata (L.)] Genotypes for Drought
Tolerance Using Selection Indices. Agricultural Sciences. 2023,
14(4), 457-473. https://doi.org/10.4236/as.2023.144030

[17] Haile, G. G., Tang, Q., Li, W,, Liu, X., & Zhang, X. Drought:
Progress in broadening its understanding. Wiley Interdiscipli-
nary Reviews: Water. 2020, 7(2), e1407.
https://doi.org/10.1002/wat2.1407

[18] Olorunwa, O. J., Shi, A., & Barickman, T. C. Varying drought
stress induces morpho-physiological changes in cowpea
(Vigna unguiculata (L.) genotypes inoculated with Bradyrhi-
zobium japonicum. Plant Stress. 2021, 2, 100033.
http://dx.doi.org/10.1016/j.stress.2021.100033

[19] Goa, Y., Mohammed, H., Worku, W., & Urage, E. Genotype by
environment interaction and yield stability of cowpea (Vigna
unguiculata (L.) Walp.) genotypes in moisture limited areas of
Southern Ethiopia. Heliyon. 2022, 8(3).
https://doi.org/10.1016/j.heliyon.2022.e09013

[20] Harouna, D. V. Biotic and Abiotic Stress Responses of Do-
mesticated Vigna Legumes: A Comprehensive Review. Mi-
crobial Mitigation of Stress Response of Food Legumes. 2020,
11-23. http://dx.doi.org/10.1201/9781003028413-3

[21] Mohammed, S. B., Ongom, P. O., Togola, A., & Boukar, O.
Enhancing cowpea tolerance to elevated temperature:
achievements, challenges and future directions. Agronomy.
2024, 14(3), 513. https://doi.org/10.3390/agronomy14030513

[22] Opoku Gyamfi, M., Eleblu, J. S. Y., Sarfoa, L. G., Asante, I. K.,
Opoku-Agyemang, F., & Danquah, E. Y. Induced variations of
ethyl methane sulfonate mutagenized cowpea (Vigna unguic-
ulata L. walp) plants. Frontiers in Plant Science. 2022, 13,
952247. https://doi.org/10.3389/fpls.2022.952247

Biography

Ibikunle Kehinde Bukola is a graduate of
Biological Sciences at Federal University of
Technology, Minna, Nigeria. She has an M.
Tech degree in Applied Plant Genetics and
. = Breeding from the same institution. As a
I A PhD student, she is currently working on
mm""m“'-’m"”hmm Mutation Induced Drought yTolerancg in
selected Cowpea (Vigna unguiculata L. Walp) Landraces in
Niger State, Nigeria. She is interested in exploring some of the
indigenous crops in Nigeria. Other aspects of her research include
but not limited to: a. Biochemical composition analyses of the
selected mutant lines b. Molecular characterisation and
quantitative trait loci of potential drought tolerant lines.

Research Fields

Ibikunle Kehinde Bukola: Applied Genetics, Plant Breeding,
Genomics, Bioinformatics and Mutation.

Falusi Ahmed Olamide: Cytology, Advance Genetics, Genetic
Engineering, Mutaion Breeding, Plant Breeding.

Daudu Oladipupo Abdulazeez: Abdulazeez: Applied Genetics,
Plant Breeding, Genomics, Bioinformatics and Mutation.

Abubakar Abdulhakeem: Applied Genetics,
Breeding, Genomics, Bioinformatics and Mutation.

Plant

118


http://www.sciencepg.com/journal/plant
https://doi.org/10.3389/fpls.2022.952247

