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ABSTRACT

Drought stress is one of the greatest threats to crop productivity, including cowpea (Vigna unguiculata L. Walp)
globally. Nutrient foraging is the ability of plants to efficiently explore and exploit the soil environment to
acquire essential nutrients for their growth and development. The study was carried out at the Screen-house of
the Department of Biological Sciences at Yelwa Campus of Abubakar Tafawa Balewa University; Bauchi State,
Nigeria between August-September, 2024. The study was conducted as a complete randomized design into five
varieties with three replicates. A regimental watering schedule was employed, with watering every 5 days.

Growth and yield parameters were assessed throughout the crop cycle, from planting to harvest. Weekly
measurements of growth parameters included leaf length, plant height, and number of leaves per plant. Following
harvest, yield parameters were recorded, encompassing the number of seeds per plant, number of pods per plant,
number of seeds per pod, and root morphology study. Also, mass weighing was conducted to determine both dry
and wet yield weights. Soil and seed analyses were conducted to determine elemental composition. Soil analysis
involved assessing total nitrogen, phosphorus, and heavy metals (potassium, sodium, calcium, copper,
manganese, iron, and zinc) using Aqua regia digestion and Atomic Absorption Spectroscopy (AAS) detection.
Similarly, seed analyses were performed to evaluate elemental composition, including nitrogen, phosphorus,
potassium, sodium, calcium, copper, manganese, iron, and zinc, employing the same Aqua regia digestion and
AAS detection methods. In conclusion, the variations in drought tolerance among the selected local cowpea
varieties revealed that Yaro da Kokari had high drought potential tolerance. However, nutrient foraging ability
remains inconclusive due to the incomplete growth cycle. Based on the findings of this study, the Yaro da Kokari
variety is recommended for water-limited regions due to its potential drought tolerance. Similarly, the result of
nutrient analysis revealed that the Yar Niger variety is recommended for cultivation in areas with nutrient-poor
soils due to its exceptionally high iron (Fe) and manganese (Mn) concentrations. Finally, breeding programs
should prioritize selecting cowpea varieties with enhanced micro-nutrient content, such as Yar Niger, to improve
nutritional quality.
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INTRODUCTION

Drought stress is one of the greatest threats to crop productivity, including cowpea (Vigna unguiculata L. Walp)
globally (Ajayi, 2022). Understanding the impacts of drought on crop productivity is crucial to ensuring food
security in a global context (Leng and Hall, 2019). Drought stress refers to a condition of sustained moisture
deficit in soil capable of hindering crop growth and development with a significant reduction in yield (Ajayi et
al., 2018; Ajayi, 2022). Drought is one of the main implications of climate change (Santos et al., 2020;
Choudhary et al., 2021; Cirillo et al., 2021; Onyemaobi et al., 2021; Shanmugam et al., 2021; Ajayi, 2022). It is
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significant to agricultural production, with a disastrous effect projected for many plant species worldwide
(Tebeje et al., 2017; Cirillo et al., 2021; Wasae, 2021; Ajayi, 2022).

Previous investigations have revealed that under drought stress, there is a reduction in nutrient uptake by the
roots partially due to the reduction in soil moisture, which causes a decreased rate of nutrient diffusion from the
soil matrix to the absorbing root surface (Hu et al., 2007, Silva et al., 2011). Moreover, under conditions of
drought stress, roots are unable to take up many nutrients from the soil due to a lack of root activity as well as
slow ion diffusion and water movement rates (Dubey and Pessarakli, 2001; Silva et al., 2011). More so, the
mineralization process depends on microorganisms and enzyme activity, which may be affected by drought.

Increases in drought with global climate change will decrease plant growth, thereby decreasing food production
in both natural ecosystems and agricultural systems. As plants are the main sources of food for most humans
(UN-FAO, 2017; Bista et al., 2018), increases in drought will increase human hunger, and this will be
exacerbated by population growth (Millenium Ecosystem Assessment, 2017). In addition, drought, heat stress
and high CO; all tend to decrease the concentration of most nutrients in plant tissue (including in seeds)
(Jablonski et al., 2002; Heckathorn et al., 2014; He and Dijkstra, 2014; Myers et al., 2014).

Globally, more than two billion people already suffer from iron and zinc deficiency (UN-FAO, 2017; Schroder
et al., 2013), since most plant tissue has low concentrations of these and many other nutrients, including the
cereal grains that provide most of the calories for humanity (UN-FAO, 2017). Hence, the proportion of humanity
suffering from malnutrition, which is caused by insufficient quantity or quality of food (especially protein,
vitamins and mineral nutrients) (Myers et al., 2014), is likely to increase in the coming decades due to climate
change (Bista et al., 2018).

The performance and distribution and well-being of plants species largely depend on their acquisition of water,
nutrient foraging and carbon fixation as well as how these aspects are regulated (Silva et al., 2011). Among the
different abiotic forms of stress, drought is a major limiting factor regarding crop yields, nutritional composition
and productivity around the world (Valliyodan and Nguyen, 2006, Silva et al., 2011, Bista et al., 2018). It
negatively impacts also their growth, development, and reproduction (Pereira et al., 2006; Bradford and Hsiao,
1982; Araus et al., 2002; Bista et al., 2018) and the impact of a drought depends on its intensity and duration, as
well as on when it occurs during a plant’s life cycle (Bradford and Hsiao, 1982; Bista et al., 2018).

Nutrient foraging is the ability of plant to efficiently explore and exploit the soil environment to acquire essential
nutrients for their growth and development. Higher plants predominantly absorb mineral nutrients through the
roots and uptake is determined by both supply and demand at the root surface (Bederedse et al., 2007; Silva et
al., 2011). Nutrient uptake by plants is a very effective process due to the large surface area of the roots and their
ability to absorb microelements ions at low concentrations in the soil solution. However, most nutrients are
dependent on soil moisture to move through the soil matrix and be taken up by plants (Taiz and Zeiger, 2006;
Silva et al., 2011).

Cowpea (Vigna unguiculata (L.) Walp) is one of the most important food legumes in the drier regions of the
world where drought is a major production constraint due to low and erratic rainfall (Agbicodo et al., 2009;
Sanogo et al., 2023).

Cowpea provides a cheap source of protein, vitamins and carbohydrates to small-scale farmers in Africa (Sariah
et al., 2010; Sanogo et al., 2023). The relatively high protein content of cowpea makes it an essential supplement
to the diet of many Africans (Bressani, 1985). Cowpea is being cultivated over an area of about 12.5 million
hectares with an annual production of more than 3 million tons world over (Singh and Tarawali, 1997). There
has been an increasing trend over five decades in the global cowpea cultivation region from 2.41 to 10.68 million
ha (FAOSTAT, 2012). Nigeria is the world’s largest producer, contributing about 61% and 58% of production
in Africa and worldwide, respectively with a yearly production over 2 million tons on 5 million ha of land
(FAOSTAT, 2012; Sanogo et al., 2023).

Furthermore, cowpea offers high yield potential even under low input crop production systems in arid and semi-
arid agroecologies (Singh et al., 2003; Gerrano et al., 2022). The grain is composed of 15 to 25% protein content,
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50 to 60% carbohydrate, and 1% fat (Lambat, 2000; Agbogifi and Egho, 2012; Gerrano et al., 2019). Although
grain is the primary focus of cowpea production for human use, leaves, immature pods, and flowers are also
consumed in some parts of the world, especially in Africa (Belane and Dakora, 2011; Gerrano et al., 2015).
Several studies have investigated the yield potential and nutrient content of cowpea as a grain crop (Lambat,
2000; Agbogifi and Egho, 2012; Gerrano et al., 2019; Gerrano et al., 2015) and as a vegetable crop utilizing the
leaves (Belane and Dakora, 2011; Gerrano et al., 2015; Angessa, 2006; Malidadi, 2006; Kabululu et al., 2013;
Towett et al., 2003), as well as immature pods (Gerrano et al., 2017; Gerrano et al., 2022).

Drought is a potential major constraint to crop production. It can cause serious damage to plant growth and
development at anytime, anywhere. Plants are most prone to damage due to limited water during some of their
developmental stages (Bahar and Yildrim, 2010). Cowpea is sensitive to soil moisture stress during the
vegetative and reproductive growth stages (Alidu et al., 2013; Mwale et al., 2017). Despite the fact that cowpea
is considered to be more drought tolerant than many other crops, its productivity is negatively affected by
prolonged droughts and high temperatures (Isma’ila et al., 2016; Hall, 2012; Sanogo et al., 2023) which are
currently attributed to the effects of climate change.

Despite the inherent capacity of cowpeas to withstand drought, the erratic pattern of rainfall exposes the crop to
drought (Singh and Matsui, 2002) which affects the nutrient foraging thereby leading to poor growth. Therefore,
it has become necessary to identify drought-tolerant cowpea varieties with nutrient-foraging ability that will
overcome such conditions. Thus, this study was conducted to assess the nutrient-foraging ability of some cowpea
varieties under drought stress conditions, which aimed to confirm that cowpea varieties can efficiently forage
nutrients under such harsh conditions. Hence overcome the drought effect. However, the main environmental
factor that affects the growth of plants in most savanna regions is drought. The study, therefore, sought to identify
varieties that can forage nutrients under drought conditions, to improve their growth that can be used for future
breeding applications ensuring food security.

MATERIALS AND METHODS

Description of the Study Area

The study was conducted at the Abubakar Tafawa Balewa University Screen-House in Bauchi State, Nigeria,
which provides a controlled environment with adequate sunlight and protection from pests and diseases. Bauchi
State is located in Northeastern Nigeria, geographically it lies between Latitude 10.31°N and Longitude 10.30°E,
covering an area of approximately 45,837 square kilometers, and climatically it falls within the tropical savanna
climate zone, characterized by two distinct seasons: a wet season from May to October and a dry season from
November to April. The average annual rainfall ranges from 800mm to 1,200mm, while the temperature varies
between 18°C and 35°C. The topography is relatively flat with an elevation of approximately 200-1,500 meters
above sea level.

Sample Collection

Five cowpea varieties were collected from five different states in Nigeria (Bauchi, Sokoto, Niger, Kaduna, and
Jos) based on their adaptability to the local environment and potential for drought tolerance and nutrient
efficiency (Dan kamaru, Kanannado Dan Samunaka, Yar Niger, Kannando Mai farin bawo, and Yaro da Kokari).

Experimental Design

The study was conducted as a complete randomized design into five varieties with three replicates. A regimental
watering schedule was employed, with watering every 5 days.

Method of Data Collection
Drought Tolerance Assessment

Growth and vyield parameters were assessed throughout the crop cycle, from planting to harvest. Weekly
measurements of growth parameters included leaf length, plant height and number of leaves per plant. Following
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harvest, yield parameters were recorded, encompassing the number of seeds per plant, number of pods per plant,
number of seeds per pod and root morphology study. Also, mass weighing was conducted to determine both dry
and wet yield weights.

Nutrient Analysis

Soil and seed analyses were conducted to determine elemental composition. Soil analysis involved assessing
total nitrogen, phosphorus, and heavy metals (potassium, sodium, calcium, copper, manganese, iron, and zinc)
using Aqua-regia digestion and Atomic Absorption Spectroscopy (AAS) detection (Burt et al., 2014). Similarly,
pre- and post-planting seed analyses were performed to evaluate elemental composition, including nitrogen,
phosphorus, potassium, sodium, calcium, copper, manganese, iron, and zinc, employing the same Aqua-regia
digestion and AAS detection methods (Burt et al., 2014).

Method of Data Analysis

Data analysis was conducted using IBM SPSS Statistics. Means and standard errors were calculated, and
significant differences between treatments were determined using ANOVA followed by Duncan’s Multiple
Range Test (p< 0.05).

RESULTS AND DISCUSSION
Growth parameters of five local cowpea varieties under drought conditions

The growth parameters of five local cowpea varieties were evaluated under drought conditions to assess their
tolerance and adaptability and nutrient foraging ability. The table 1 below shows the means of plant height (cm),
leaves number, and leaf length (cm) for each variety, with their standard errors.

The growth parameters of the five local cowpea varieties under drought conditions revealed significant
variations. This finding aligns with previous research indicating genetic variation in cowpea growth parameters
under drought stress (Kumar et al., 2010). Notably, the Yaro da Kokari variety demonstrated superior growth,
with the tallest plants and longest leaves, suggesting potential drought tolerance (Singh et al., 2016; Boukar et
al., 2018). Research has shown that drought-tolerant cowpea varieties often exhibit enhanced water-use
efficiency and deep root growth (Singh et al., 2016). This may be the case for the Yaro da Kokari variety, which
could possess adaptive traits enabling it to perform well under water stress conditions. Conversely, the Dan
kamaru and Kanannado mai farin bawo varieties exhibited shorter stature and fewer leaves, indicating adaptation
to drought conditions through reduced growth and water conservation (Hall et al., 2017). The significant
differences among varieties in leaves number and leaf length underscore the need for selective breeding
programs to enhance drought tolerance and yield. By identifying and utilizing drought-tolerant varieties like
Yaro da Kokari, farmers can improve cowpea productivity in water-limited regions (Singh et al., 2016; Boukar
et al., 2018).

Table 1: Growth parameters of five local Cowpea varieties under drought conditions.

Varieties Plant Height (cm) | Parameters Leaf Number | Leaf Length (cm)
Dan kamaru 7.56+1.57° 7+0.60P 6.17+0.44°
Kanannado Dan Samunaka 23.83+1.75" 3+0.72% 2.55+0.58%
Yar Niger 20.35+2.39° 6+0.77° 6.29+0.71°
Kanannado Mai Farin Bawo 12.85+2.29% 4+0.64% 3.44+0.57%
Yaro da Kokari 26.26+1.38° 7+0.47° 6.84+0.30°

Note: Means in the same column with different superscripts are significantly difference (p< 0.05).
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Nutrient composition of five local Cowpea varieties and the planting soil (mg/L).

The results in table 2 provide a comparative overview of the nutrient profiles of the cowpea varieties and the
planting soil, serving as a basis for understanding the nutrient requirements and potential limitations for cowpea
growth. The nutrient composition of five local cowpea varieties (Dan kamaru, Kanannado Dan Samunaka, Yar
Niger, Kanannado Mai farin Bawo, and Yaro da Kokari) and the planting soil was analyzed using Aqua-regia
digestion and Atomic Absorption Spectroscopy (AAS) detection method. The concentrations of potassium (K),
sodium (Na), calcium (Ca), copper (Cu), manganese (Mn), iron (Fe), and zinc (Zn) are presented in milligrams
per liter (mg/L).

The nutrient analysis revealed significant variations in nutrient composition among the five local cowpea
varieties. This supports Boukar et al., (2018) assertion that cowpea varieties exhibit diverse nutritional profiles.
The variations in nutrient content among varieties highlight the importance of varietal selection for optimal
nutrient uptake. Notably, the Yar Niger variety demonstrated exceptionally high iron (Fe) and manganese (Mn)
concentrations. This is consistent with Adebowale et al., (2011) finding that cowpea varieties with enhanced
micronutrient content can improve nutritional quality and tolerance to nutrient deficiencies. The disparities
between soil and cowpea variety nutrient concentrations suggest potential nutrient deficiencies or imbalances,
consistent with Kumar et al. (2020) findings on soil nutrient depletion impacting cowpea growth. Considering
the high Fe and Mn levels in the Niger variety, and the potential for soil nutrient depletion (Kumar et al., 2020),
integrated soil fertility management (ISFM) practices may be necessary to optimize cowpea yield and quality.
The variations in nutrient composition among cowpea varieties may influence cowpea growth and development,
supporting Hall et al. (2017) findings on soil degradation and cowpea production.

Therefore, understanding nutrient composition in cowpea varieties is crucial for enhancing nutritional quality
and yield.

Table 2: Nutrient composition of five local Cowpea varieties and the planting soil (mg/L).

Elements Concentrations (mg/L)
Dan Kanannado Dan Yar Niger | Kanannado Mai | Yaroda | Soil
kamaru Samunaka Farin Bawo kokari

Potassium (K) 0.020 0.127 0.074 0.099 0.002 0.040
Sodium (Na) 0.002 0.105 0.019 0.018 0.031 0.046
Calcium (Ca) 0.451 0.333 1.106 1.048 0.665 0.228
Cupper (Cu) 0.471 0.313 0.427 0.331 0.484 0.094
Manganese (Mn) 0.220 0.365 0.417 0.398 0.119 3.578
Iron (Fe) 0.599 0.548 4.668 0.576 0.497 4.792
Zinc (Zn) 0.153 0.202 0.293 0.239 0.062 0.303

CONCLUSION AND RECOMMENDATIONS

This study on variations in drought tolerance among the selected local cowpea varieties revealed that the Yaro
da Kokari showed a high drought potential tolerance. However, the results on nutrient foraging ability remain
inconclusive due to the incomplete growth cycle. Based on the findings of this study, the Yaro da Kokari variety
is recommended for water-limited regions due to its potential drought tolerance. Similarly, based on the findings
of the pre-planting nutrient analysis, the Yar Niger variety is recommended for cultivation in areas with nutrient-
poor soils due to its exceptionally high iron (Fe) and manganese (Mn) concentrations. Moreover, breeding
programs should prioritize selecting cowpea varieties with enhanced micro-nutrient content, such as Yar Niger,
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to improve nutritional quality, farmers in drought-prone areas should consider planting Yaro da Kokari or other
drought-tolerant varieties to enhance productivity, to address soil nutrient depletion, implement integrated soil
fertility management (ISFM) practices, conduct further research on nutrient composition and drought tolerance
in cowpea varieties to inform breeding programs and agricultural practices, develop selective breeding programs
to enhance micro-nutrient content and drought tolerance in cowpea varieties and promote sustainable agricultural
practices to mitigate soil degradation and improve cowpea productivity.

ACKNOWLEDGMENT

The authors are grateful to Abubakar Tafawa Balewa University, Bauchi for granting the Institutional Base
Research (IBR) supported by TETFUND and also grateful to the Department of Biological Sciences for
providing us with the work space and technical support.

Conflict of interest

The authors declared no conflict of interest.

REFERENCES

1. Agbicodo, E.M., Fatokun, C.A., Muranaka, S., Visser, R.G.F. and Linden van der, C.G. (2009). Breeding
Drought Tolerant Cowpea: Constraints, Accomplishments, and Future Prospects. Euphytica, 167, 353-
370.

2. Agbogidi, O.M. and Egho, E.O. (2012). Evaluation of eight varieties of cowpea (Vigna unguiculata (L.)
Walp) in Asaba agroecological environment, Delta State, Nigeria. European Journal of Sustainable
Development, 12, 303-314.

3. Adebowale, A. A., Sanni, S. A. and Oladimeji, T. O. (2011). Nutritional evaluation of cowpea-based
snacks. Journal of Food Science and Technology. 48(4): 449-455.

4. Ajayi, A.T. (2022). Screening for drought tolerance in cowpea at the flowering stage. International
Journal of Science Letters (1JSL), 4(2): 236-268.

5. Ajayi, A.T., Gbadamosi, A.E. and Olumekun, V.O. (2018). Screening for Drought Tolerance in Cowpea
(Vigna unguiculata (L.) Walp) at the seedling stage under screen house condition, International Journal
of BioSciences and Technology, 11(1): 1-19.

6. Alidu, M., Atokple, I. and Akromah, R. (2013). Genetic Analysis of Vegetative Stage Drought Tolerance
in Cowpea. Greener Journal of Agricultural Sciences, 3, 481-496.

7. Angessa, T.T. (2006). Towards Improved Vegetable Use and Conservation of Cowpea and Lablab:
Agronomic and Participatory Evaluation in Northern Tanzania and Genetic Diversity Study. Ph.D.
Thesis, Georg-August-University Goettingen, Géttingen, Germany, 2006.

8. Araus, J.L., Slafer, G.A., Reynolds, M.P. and Royo, C. (2002). Plant breeding and drought in C3 cereals:
What should we breed for? Annals of Botany, 89, 925-940.

9. Babhar, B. and Yildirim, M. (2010). Heat and Drought Resistances Criteria in Spring Bread Wheat:
Drought Resistance Parameters. Scientific Research and Assays, 5, 1742-1745.

10. Bederedse, F., Kroon, H. and Braakhekke, W.G. (2007). Use and loss of nutrients. In: Pugnaire F,
Valladares F (Eds) Functional Plant Ecology (2nd Edn), Taylor and Francis Group, NY, pp 259-283.
11. Belane, A.K. and Dakora, F.D. (2011). Levels of nutritionally important trace elements and
macronutrients in edible leaves and seed of 27 nodulated cowpea (Vigna unguiculata L. Walp.) genotypes

grown in the Upper West Region of Ghana. Food Chemistry. 125, 99-105.

12. Bista, D. R., Scott, A. H., Dileepa, M. J., Sasmita, Mishra. and Jennifer, K. B. (2018). Effects of Drought
on Nutrient Uptake and the Levels of Nutrient-Uptake Proteins in Roots of Drought-Sensitive and -
Tolerant Grasses. Plants, 7, 28.

13. Bradford, K.J. and Hsiao, T.C. (1982). Physiological responses to moderate water stress. In:
Physiological Plant Ecology, Lange, O.L., Nobel, P.S., Osmond, C.B., Ziegler, H., Eds., Springer: Berlin,
Germany, 1982, pp. 263-324.

14. Bressani, R. (1985). Nutritive Value of Cowpea. In: Singh, S.R. and Rachie, K.O., Eds., Cowpea
Research, Production, and Utilization, John Wiley and Sons, Chichester, 353-360.

Page 1833 . .
www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume X Issue VI June 2025

%, S
4 RSIS ~

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Boukar, O., Fatokun, C. A. and Huynh, B. L. (2018). Cowpea: A legume for food security and nutrition.
Sustainable Agriculture Research. 7(2): 1-13.

Burt, R., Hernandez, L. and Acosta, J. A. (2014). Soil and plant analysis for heavy metals. In: R. Burt
and J. A. Acosta (Eds.), Soil Analysis: An Interpretation Manual. (pp. 231-244). CRC Press.
Choudhary, R.S., Biradar, D.P. and Katageri, 1.S. (2021). Evaluation of sorghum RILs for moisture stress
tolerance using drought tolerance indices, The Pharma Innovation Journal, 10(4): 39-45.

Cirillo, V., Amelia, V.D., Esposito, M., Amitrano, C., Carillo, P., Carputo, D. and Maggio, A. (2021).
Anthocyanins are key regulators of drought stress tolerance in tobacco, Biology, 10(139).

Dubey, R.S. and Pessarakli, M. (2001). Physiological mechanisms of nitrogen absorption and
assimilation in plants under stressful conditions. In: Passarakli M (Ed) Handbook of Plant and Crop
Physiology (2nd Edn), Marcel Dekker Inc, New York, pp 636-655.

FAOSTAT. (2012). Food and Agricultural Organization.

Gerrano, A.S., Adebola, P.O., Jansen van Rensburg, W.S. and Laurie, S.M. (2015). Genetic variability
in cowpea (Vigna unguiculata (L.) Walp.) genotypes. South African Journal of Plant Soil, 32, 165-174.
Gerrano, A.S., Adebola, P.O., Jansen van Rensburg, W.S. and Venter, S.L. (2015). Genetic variability
and heritability estimate of nutritional composition in the leaves of selected cowpea genotypes (Vigna
unguiculata (L.) Walp.). Horticulture Science, 50, 1435-1440.

Gerrano, A.S., Jansen van Rensburg, W.S., Venter, S.L., Shargie, N.G., Amelework, B.A., Shimelis, H.
and Labuschagne, M.T. (2019). Selection of cowpea genotypes based on grain mineral and total protein
content. Acta Agric. Scand. B Soil Plant Sci. 62, 155-166.

Gerrano, A.S., Jansen van Rensburg, W.S. and Adebola, P.O. (2017). Nutritional composition of
immature pods in selected cowpea (Vigna unguiculata (L.) Walp.) genotypes in South Africa. Australian
Journal of Crop Science, 11, 134-141.

Gerrano, A.S., Mbuma, N.W. and Mumm, R.H. (2022). Expression of Nutritional Traits in Vegetable
Cowpea Grown under Various South African Agro-Ecological Conditions. Plants, 11, 1422.

Hall, A.E. (2012). Phenotyping Cowpea for Adaptation to Drought. Frontiers in Physiology, 3, Article
155.

Hall, C., Tambo, J. A. and Abdoulaye, T. (2017). Analysis of soil fertility management practices among
cowpea farmers in West Africa. Journal of Agricultural Science. 15(2): 249-258.

He, M. and Dijkstra, F.A. (2014). Drought effect on plant nitrogen and phosphorus: A meta-analysis.
New Phytology, 204, 924-931.

Heckathorn, S.A., Giri, A., Mishra, S. and Bista, D. (2014). Heat Stress and Roots. In Climate Change
and Plant Abiotic Stress Tolerance, Tuteja, N., Gill, S.S., Eds., Wiley-VCH Verlag Gmb H and Co.
KGaA: Weinheim, Germany, 2014, pp. 109-136.

Hu, Y., Burucs, Z., Tucher, S.V., and Schmidhalter, U. (2007). Short-term effects of drought and salinity
on mineral nutrient distribution along growing leaves of maize seedlings. Environmental and
Experimental Botany, 60, 268-275.

Isma’ila, M., Ramlatu, M. A. and Zakari, B. G. (2016). Screening of selected varieties of cowpea
seedlings (Vigna unguiculata (L.) WALP.) For drought tolerance. Journal of Biology and Nature. 5(1):
31-38.

Jablonski, L.M., Wang, X. and Curtis, P.S. (2002). Plant reproduction under elevated CO; conditions: A
meta-analysis of reports on 79 crop and wild species. New Phytology. 156, 92-96.

Kabululu, M.S., Ojiewo, C., Oluoch, M. and Maass, B.L. (2013). Cowpea cultivar mixtures for stable
and optimal leaf and seed yields in a maize intercropping system. International Journal of Vegetable
Science, 20, 270-284.

Kumar, S., Gupta, S. and Chandra, S. (2010). Genetic diversity and nutritional quality of cowpea
varieties. Journal of Food Science and Technology. 47(4): 432-438.

Kumar, S., Gupta, S., and Chandra, S. (2020). Nutrient management strategies for enhancing cowpea
productivity. Journal of Plant Nutrition. 43(10): 1531-1543.

Lambot, C. (2000). Challenges and opportunities for enhancing sustainable cowpea production. In
Proceedings of the World Cowpea Conference Il Held at the International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria, 4-8 September 2000.

Page 1834

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND INNOVATION IN APPLIED SCIENCE (1JRIAS)
ISSN No. 2454-6194 | DOI: 10.51584/1JRIAS [Volume X Issue VI June 2025

%, S
4 RSIS ~

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Leng, G. and Hall, J. (2019). Science of the total environment crop yield sensitivity of global major
agricultural countries to droughts and the projected changes in the future, Science of the Total
Environment, 654: 811-821.

Malidadi, C. (2006). Cowpea (Vigna unguiculata) for Leafy Vegetable Use in Malawi: Agronomic
evaluation onstation and onfarm. Master Thesis, Georg-August-Universitat, Gottingen, Germany, 2006.
Millennium Ecosystem Assessment. (2005). Available online:
http://www.millenniumassessment.org/en/Reports.html (accessed on 15 June 2017).

Mwale, S., Ochwo-Ssemakula, M., Sadik, K., Achola, E., Okul, V., Gibson, P., Edema, R., Singini, W.
and Rubaihayo, P. (2017). Response of Cowpea Genotypes to Drought Stress in Uganda. American
Journal of Plant Sciences, 8, 720-733.

Myers, S. S., Zanobetti, A., Kloog, I., Huybers, P., Leaky, A.D.B., Bloom, A.J., Carlisle, E., Dietterich,
L.H., Fitzgerald, G. and Hasegawa, T. (2014). Increasing CO2 threatens human nutrition. Nature, 510,
139-143.

Onyemaobi, O., Sangma, H., Garg, G., Wallace, X., Kleven, S., Suwanchaikasem, P., Roessner, U. and
Dolferus, R. (2021). Reproductive stage drought tolerance in wheat: the importance of stomatal
conductance and plant growth regulators, Genes, 12: 1742.

Pereira, J., Chaves, M.M., Caldeira, M.C. and Correia, A.V. (2006). Water availability and productivity.
In Plant Growth and Climate Change, Morison, J.1.L., Morecroft, M.D., Eds., Blackwell Publishing Ltd.:
Oxford, UK, 2006, pp. 118-145.

Sanogo, S. A, Diallo, S., Batieno, T. B. J., Ishola, A. I., Sawadogo, N. and Nyadanu, D. (2023). Screen
House Assessment of Cowpea ((Vigna unguiculata (L.)) Genotypes for Drought Tolerance Using
Selection Indices. Agricultural Sciences, 14, 457-473.

Santos, R., Carvalho, M., Rosa, E., Carnide, V. and Castro, I. (2020). Root and agro-morphological traits
performance in cowpea under drought stress, Agronomy, 10: 1604.

Schroeder, J. 1., Delhaize, E., Frommer, W. B., Guerinot, M. L., Harrison, M. J., Herrera-Estrella, L.,
Horie, T., Kochian, L.V., Munns, R. and Nishizawa, N. K. (2013). Using membrane transporters to
improve crops for sustainable food production. Nature, 497, 60—66.

Silva, E. C., Rejane, Jurema., Mansur, C. N., Marcelle, A. Silva. and Manoel, B.A. (2011). Drought
Stress and Plant Nutrition. Plant Stress, 5 (Special Issue 1), 32-41.

Singh, B. B. and Matsui, T. (2002). Cowpea Varieties for Drought Tolerance. In: Fatokun, C.A.,
Tarawali, S. A., Singh, B. B., Kormawa, P. M. and Tamo, M., Eds., Challenges and Opportunities for
Enhancing Sustainable Cowpea Production, International Institute of Tropical Agriculture (IITA),
Ibadan, 278-286.

Singh, B. B. and Tarawali, S. A. (1997). Cowpea and Its Improvement: Key to Sustainable Mixed
Crop/Livestock Farming Systems in West Africa. Crop Residues in Sustainable Mixed Crop/Livestock
Farming Systems.

Singh, B. B., Ajeigbe, H. A., Tarawali, S. A., Fernandez-Rivera, S. and Abubakar, M. (2003). Improving
the production and utilization of cowpea as food and fodder. Field Crops Reserves, 84, 169-177.

Singh, B. B., Ajeigbe, H. A. and Tarawali, S. A. (2016). Development of improved cowpea varieties for
West Africa. Journal of Food Agriculture and Environment. 14(2): 34-41.

Taiz, L., and Zeiger, E. (2006). Plant Physiology (4th Edn), Sinauer Associates, Massachusetts, 690 pp.
Towett, E.K., Alex, M., Shepherd, K.D., Polreich, S., Aynekulu, E. and Maass, B.L. (2003). Applicability
of near-infrared reflectance spectroscopy (NIRS) for determination of crude protein content in cowpea
(Vigna unguiculata) leaves. Food Science and Nutrition, 1, 45-53.

United Nations Food and Agriculture Organization (UNFAO). (2017). Available online:
http://www.fao.org/home/en/ (accessed on 16 June 2017).

Valliyodan, B., and Nguyen, H.T. (2006). Understanding regulatory networks and engineering for
enhanced drought tolerance in plants. Current Opinion in Plant Biology, 9, 189-195.

Wasae, A. (2021). Evaluation of drought stress tolerance based on selection indices in haricot bean
varieties exposed to stress at different, International Journal of Agronomy, 6617874.

Page 1835

www.rsisinternational.org


https://rsisinternational.org/journals/ijrias
https://rsisinternational.org/journals/ijrias
http://www.rsisinternational.org/

