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ABSTRACT: Drought stress is a major hindrance to cowpea
cultivation. In Togo, climate fluctuations lead to sudden droughts,
posing a real threat for this crop. This survey aimed to evaluate the
effects of an induced water deficit in 6 short-cycle cowpea cultivars
grown in Togo (Amélassiwa, Ketcheyi, Ketcheyi-Soukpelo, Malgbong-
Bomoine, Siéloune, and TVX). The experimental device, under semi-
controlled conditions, was a split plot (three repetitions, two treatments)
with two interacting factors, varietal type and water regime. Plants in
the flower initiation phase were subjected to a water deprivation of 30%
of available water content (AWC) for 14 days. Plants used as control
were irrigated at 70% of AWC. The fluctuations in growth parameters,
total proteins, proline, malondialdehyde (MDA) levels, and yield
variables were determined, and the data were analysed through
ANOVA, Tukey HSD, and principal component analysis (PCA). The
Fisher-Maurer index, or drought susceptibility index (DSI), was used to
distinguish drought-tolerant from susceptible varieties. As a result,
ANOVA revealed a significant effect (p < 0.05) of water deprivation on
physiological and agronomic variables, except for the main root length
variable. Regarding biochemical markers, a significant effect of water
deficit was noted on MDA level but not on total protein and proline
levels (p > 0.05). However, a negative correlation between both contents
was noted. PCA revealed that varieties that exhibited higher yields were
correlated with proline content, while those that showed higher
productivity and MDA levels were correlated with protein content. Thus,
osmotic adjustments mechanisms are important aspects to target first
during variety improvements. According to DSIs and PCA, the six
varieties can be divided into three categories: susceptible varieties
(Ketcheyi and Amélassiwa), medium-tolerant varieties (Siéloune,
Malgbong-Bomoine, and TVX), and high-tolerant varieties (Ketcheyi-
Soukpelo).

KEYWORDS: Cowpea, water deficit, drought stress, DSI, drought
tolerance.
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INTRODUCTION

Grown in dry and semi-arid countries, including Guinea, cowpea, or Vigna unguiculata (L.)
Walp., is a key food crop in sub-Saharan Africa (Soule, 2002; Owade et al., 2020). It is a good
source of protein, carbs, folate, vitamins, antioxidants, fibre, and other nutrients that help keep
populations' diets balanced. Additionally, it can be used as animal feed fodder (Dugje et al.,
2009; Sanfo et al., 2020). It enhances soil fertility and is often integrated into many processed
goods made from different portions of the cowpea plants.

According to FAO statistics (FAOSTAT, 2024), global cowpea crops exceeded 9.77 million
tons in 2022 from a cultivated area of about 15.19 million hectares, with a significant share of
Africa accounting for 95.4% of production. In Togo, cowpea crops have increased from 45,000
tons in 2000 (Soule, 2002) to 383,664 tons in 2021 (MAEDR, 2021). Despite this increase, the
national average market price of cowpea has increased, reflecting insufficient supply and
production for a growing population. Besides, the yield per hectare is low. For several decades,
Togo has been facing climatic fluctuations characterised by a spatial and temporal irregularity
of rainfall (Badjana et al., 2014; Koudahe et al., 2017), leading to declines in agricultural yields
(Mikémina, 2013; Edou, 2021).

Some studies revealed the existence of drought-susceptible genotypes. For instance, in Togo,
two studies conducted first by Aziadekey et al. (2014) and later by Yorikoume et al. (2018)
revealed that the yield variables of the line IT 98K-412-13 and the varieties VITOCO, VITAS,
and 1T87D-10-10 are significantly affected by water deficit. Currently, all promoted varieties
in Togo (TVX, VITAS5, VITOCO, NAFI SAM, and WANG-KAI) are improved varieties that
have been introduced due to their characteristics: high productivity and earliness (Dagnon,
2018; MAEDR, 2021). However, research showed that local abiotic and biotic stressors in host
ranges could reduce the yield of introduced varieties that are improved (Kamara et al., 2008).
In addition, the use of imported varieties predisposes to the risk of renunciation and then
disappearance of local varieties, of which Dagnon (2018) has characterised 70 genotypes. How
do these locally characterised cowpea varieties respond to water deficit?

In a context of global change and climatic instabilities, it is important to identify valuable and
performing varieties and set up plant resources conservation mechanisms. The purpose of this
study was to assess stress responses in six short-cycle cowpea cultivars grown in Togo,
understand the adaptation mechanisms of some of these local varieties, and identify tolerant
and susceptible varieties, thereby contributing to breeding programs (for tolerant varieties) and
an effective irrigation strategy (for susceptible varieties).
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LITERATURE REVIEW

Water deficit refers to a state where the water available is insufficient to meet plants
physiological needs, leading to stress. Stress thresholds vary: 0 to —0.3 MPa, well-watered, no
stress (Taiz et al., 2015); —0.3 to —0.8 MPa, mild stress, stomata begin to close (Kramer &
Boyer, 1995); -0.8 to —1.5 MPa, moderate to severe (Chaves et al., 2003) and permanent
wilting point (< —-1.5 MPa) (Taiz et al., 2015). Fu et al. (2024) reported that the average critical
soil moisture threshold (8.x), at which plants start reducing evapotranspiration, is
approximately 0.19 m3/m3. This value corresponds to about 30-35% of volumetric soil
moisture. In leaves, for a relative water content (RWC) > 90 %, plants feel no stress; 80-90%:
mild stress; 70-80%: moderate stress; and RWC < 70%: severe stress—a threshold for serious
physiological dysfunction (Barrs & Weatherley, 1962; Jones, 2007).

Therefore, water deficit causes a slowdown in growth and negatively affects fructification
(Hayatu & Mukhtar, 2014). Besides, drought stress induces the accumulation of
malondialdehyde (MDA), an oxidative stress biomarker; proline, sugars, and proteins (Moller
et al., 2007; Farooq et al., 2009). Plants’ responses to drought are complex (Carvalho et al.,
2019); they use various mechanisms (avoidance, tolerance, etc.) to withstand drought stress
(Blum et al., 2005). They increase root volume evenly to enhance water uptake (Farooq et al.,
2009; Santos et al., 2020) or undergo a root volume reduction (Jaleel et al., 2009; Wach &
Skowron, 2022) due to a slowdown in root neoformation. Although cowpea is drought-tolerant
plant, short rains/irrigation can reduce its yield (Dadson et al., 2005).

MATERIALS AND METHODS
Plant Material

Seeds from six cowpea genotypes (Table 1) were used in this study, including five local and
one introduced (TVX, an improved variety). They have been obtained from a collection of the
Laboratoire de Physiologie et de Biotechnologies Végétales of Université de Lomé. They
correspond to six different genotypes (Figure 1) and are among the most widespread in Togo
(Dagnon, 2018). The seeds were treated with bleach (5%) and then thoroughly rinsed (twice)
with distilled water before sowing.

Table 1: Characteristics of cowpea varieties studied

Varieties Port Cycle Npo Lpo Yield Area

Amélassiwa Erected 69 30,95 17,54 765,03 Wi

Ketcheyi (Kpoyodji) Erected 64 19,54 18,1 980,21 Akodessewa, Kassa
Semi-

Ketcheyi-Soukpelo  erected 67 26,25 18,94  1179,69 Kassi
Semi-

Malgbong-Bomoine erected 67 31,75 19,19 943,75 Nagbeni

Siéloune Erected 64 32,76 16,16  1341,67 Nagbeni

TVX Erected 65 25,58 17,14 757,29 Périmetre (Ogou)

Npo: number of pods; Lpo: Length of the pods in cm; Yield in Kg/ha Source: Dagnon
(2018).
141 Article DOI: 10.52589/AJAFS-02ZEACYN

DOI URL: https://doi.org/10.52589/AJAFS-02ZEACYN



African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 8, Issue 2, 2025 (pp. 139-155) www.abjournals.org

2

Amélassiwa Ketcheyi Ketcheyi-Soukpelo

Malgbong-Bomoine Siéloune

Figure 1: Cowpea varieties
Experimental Design

The experiment was carried out under semi-controlled conditions, in a plant growing
compartment at the Station d’Expérimentations Agricoles (SEA) of the Université de Lomé
between August and October 2022. Plants grew in 10-litre plastic vegetation pots with holes
drilled to drain the water after watering. The device was a 3x2 split plot (three runs/repetitions;
two treatments: control and stressed) with two interacting factors, varietal type and water
regime. The experimental unit consisted of three pots for each treatment (control, stressed), for
a total of 108 pots for the six varieties. Each pot was filled with 7 kg of substrate, consisting of
the soil taken from the station and sifted to 2 mm, sterilized by heating, and then made up to
1/10 with compost (Ledi, 2020). The water deficit was induced by reducing irrigation from
70% of AWC (control) to 30% of AWC (stressed) (Bokobana et al., 2019; Ledi, 2020) in the
flowering phase, known as the most susceptible phase to drought. Plants were watered by
sequentially weighing the pots at 3-day intervals, bringing the control pots to the same weight
(70% of the AWC), while the stressed plants underwent a water deficit at 30% of the AWC.
The water deficit was applied for 14 days, which corresponds to the average duration of sudden
drought during cropping cycles in Togo (Ledi, 2020). At the end of water deprivation, irrigation
of the stressed plants was resumed as for the control plants, i.e., with 70% of the AWC. The
average growth conditions in the greenhouse during the experiment were a photoperiod of 12
hours, an average ambient temperature 27.67°C. The AWC was calculated using this formula
(Baize, 2000):

AWC = (Wee 2,5 — Wpfp4,2) x Dax E xTfine

AWC: available water content (mm); Wcc 2.5: moisture weight at field capacity in percentage
(%), Wpfp 4.2: moisture weight at permanent wilting point in percentage (%); Tfine: fine
particle content, E: soil depth in the pot (dm), Da: bulk density of the soil (t.m-3).
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Determination of Physiological, Biochemical, and Agronomic Variable Fluctuations

During the experiment, the height of the plants (HTR) was measured and the number of leaves
(NLE) counted, both every 7 days, mainly during water deprivation period (three times for 14
days of deprivation). At each time, the average value of each variable (HTR or NLE) was
determined. On the last day of the water deprivation period, fresh leaf samples were collected
in the morning for relative water content (RWC), proline content (PLN), total protein content
(PROT), and malondialdehyde content (MDA) determination using the methods of Clarke et
al. (1991) and Jones (2007) for RWC, Bogdanov et al. (1999) for PLN, Bradford (1976) for
PROT, and Heath and Parker (1968) for MDA, respectively. Few hours later, pods were
harvested, and the average number of pods per plant (NPO), the average pod length per plant
(LPO), the average number of seeds per plant (NSD), and the average seed mass per plant
(productivity) (PDV) were determined, as well as the average length of the main root (LRP)
and the average number of lateral (secondary) roots (NRS) > 2 cm.

Statistical Analysis

The data were processed with R software. First, a rank transformation was performed on non-
Gaussian distribution variables (Holbert, 2022) after testing normality. Then, ANOVA was
performed to determine the effects of each factor (water regime (WR) and varietal type (VRT))
on each variable. To elucidate the principal components of our variables and the distribution
of varieties according to these ones, a PCA was also performed. The Tukey HSD test allowed
for comparing variable means and elucidating those that contributed highly to the significance.
The default significance threshold was 5%. To assess the correlations between the variables,
Spearman's method was used. The change rate (S) in each variable was determined as follows:

Vs —Vc
S=——

100
Vc x

S: incidence of water deficit (Percentage of decrease or increase in the parameter); Vs: value
of the stressed; Vc: value of the control.

The stress or drought susceptibility index (DSI) was calculated according to the formula of
Fischer and Maurer (1978). A cultivar is considered as tolerant if its DSI is less than 1:

DSI =
D

Y = Ys/Yc. Ys: yield of a stressed cultivar; Yc: yield of non-stressed (control); D = 1 -
(Yms/Ymc). D: drought intensity; Yms: mean of the yields of stressed varieties; Ymc: mean of
the yields of non-stressed.
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RESULTS
Analysis of Variance Results

Analysis of variance revealed a significant effect (p < 0.05) of drought stress on physiological
and agronomic parameters (Tables 2 and 3), except for the variable LRP (main root length).
For biochemical markers, there was a significant effect of water deficit on MDA levels; no
effect was observed for total protein and proline levels (p > 0.05). However, at a confidence
interval of 70%, the effect was significant for proline content. The analysis also revealed a
significant effect (p < 0.05) of varietal type on all measured variables (physiological,
biochemical, and agronomic) (Tables 2 and 3), but the interactions of both factors (VRT: WR)
were only significant (p < 0.05) for the number of leaves and the proline content.

Table 2: Analysis of variance of physiological and biochemical variables

Df HTR NLE RWC Protein  Proline MDA
Varietiess 5  4.2e-10%%* *1’;53(9&08 2.*00444 3;95-06 E;Zfe-% 2;(0*00613
WR L 0.000157% *0;200651 2.01392 2.85032 ?].5294843 0.038045%
Interaction 5 0.005871ns 0.048104 * 02904 00654 993600 g 755421 s
Residuals 24

Signif. Codes ~ 0°***’; 0.001°*** ; 0.01°*’ ns : not significant
Df: degree of freedom.

Parameters: WR: water regime; HTR: plant height; NLE: average number of leaves per
plant; RWC: relative water content; MDA: malondialdehyde.

Table 3: Analysis of variance of agronomic variables

Df NRS LRP NPO LPO NSD PDV YIELD

- 0.00367 0.326  3.93e- 6.22e-06 8.14e- 1.35e-08
Varieties 5 *%k ns 05*** *kk 05*** Kk 0.00365**

0.02988 0.518
*

WR 1 ns 0.0104* 0.0374* 0.0232* 0.0162* 0.03873*
. 0.71346 0.807 0.8321 0.6738 0.9646 0.2174  0.79910
Interaction 5
ns ns ns ns ns ns ns
Residuals 24
Signif. Codes 0***> . 0.001°***; 0.01°*’ ; ns : not significant

Df: degree of freedom.

Parameters: WR: water regime; NRS: average number of lateral roots > 2 cm; LRP: average
length of the main root; NPO: average number of pods per plant; LPO: average pod length;
NSD: average number of seeds per plant; PDV: average productivity.
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Effect of Water Deficit on Physiological and Biochemical Parameters

RWC, leaf count, and plant height all decreased as a result of the water deficit. RWC decreased
by 0.5% in the cultivar TV X, 5.64% in Ketcheyi, 9% in Amélassiwa, and 9.07% in Siéloune.
This loss resulted in stunted growth, with a reduction in the number of leaves of 1.72% in
Malgbong-Bomoine, 5.75% in Ketcheyi-Soukpelo, 19.44% in Ketcheyi, and 21.65% in
Amélassiwa. Regarding the average height of the plants, there was a growth decline of 0.8%
in Siéloune, 25.86% in Malgbong-Bomoine, 35.18% in Ketcheyi-Soukpelo, and 42.08% in
Ketcheyi. For RWC and NLE variables, Ketcheyi-Soukpelo and Malgbong-Bomoine (Table
4: Figures A, B, C) exhibited similar responses each time, significantly.

The data also revealed a non-significant effect of water deficit on the main root growth, despite
the increases in average main root length of about 11% in Ketcheyi, Malgbong-Bomoine,
Siéloune, 1.95% in Amélassiwa, and the decreases of about 9% in Ketcheyi-Soukpelo and
2.71% in TVX. For this variable, responses were not significantly different (Table 4: Figure
D). However, there was a significant halt in lateral roots in all varieties, with higher reductions
in Ketcheyi and Ketcheyi-Soukpelo of 39.91% and 27.4%, respectively. Siéloune’s response
was significantly different from others (Table 4: Figure E).

Regarding biochemical markers, Ketcheyi-Soukpelo, Malgbong-Bomoine, and TVX showed
an increase of 8%, 105.46%, and 329.77% in protein content, associated with a decrease in
proline content of 11.52%, 67.91%, and 79.91%, respectively. In contrast, Amélassiwa,
Ketcheyi, and Siéloune showed a decrease in protein content of 31.48%, 20.32%, and 34.62%,
combined with an increase in proline content of 30.97%, 121.10%, and 30.37%, respectively.
The effect on both was not significant. Thus, for protein content, TVX (improved variety)
showed higher protein accumulation than others, while Ketcheyi and Siéloune responded
similarly (Table 4: Figure F). For proline contents, the trio —Ketcheyi, Ketcheyi-Soukpelo
and Malgbong-Bomoine— exhibited similar responses that were significantly different from
Amélassiwa, Siéloune and TVX. (Table 4: Figure G).

For MDA content, results revealed a significant accumulation in all varieties with a peak in
Amélassiwa (56, 56%), except in Ketcheyi-Soukpelo, where it was zero. Malgbong-Bomoine
and TV X showed responses significantly different from others and from each other (Table 4:
Figure H).
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Table 4: Effect of water deficit on physiological and biochemical variables (means

comparison, Tukey HSD)
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Legend (Table 4): pval-vrt = p-value of varieties effect, pval-wr = p-value of water regime
effect; pval- vrt:wr = interaction p-value. Varieties with the same letter are not significantly
different. Ame: Amélassiwa, Ket S: Ketcheyi-Soukpelo, Ket: Ketcheyi, Mal B: Malgbong-
Bomoine, Sié: Siéloune. FM: Fresh matter.

Effect of Water Deficit on Agronomic Parameters

The water deficit induced significant decreases in the number and length of pods and in the
number of seeds, productivity, and plant yield. The average number of pods decreased by about
60.24% in Amélassiwa and 100% in Ketcheyi (no fruiting), while the average pod length
decreased by about 47.05% in Amélassiwa and 43.41% in Ketcheyi-Soukpelo. There was also
a sharp drop in the number of seeds per plant of 69.87% in Amélassiwa and 41.93% in TVX.
Therefore, TVX and Amélassiwa experienced a decline in productivity of about 27.79% and
70.02%, respectively, and in yield approximately 29.78% and 70.12%, respectively. Thus, for
NPO, LPO, NSD and yield variables, Ketcheyi-Soukpelo, Malgbong-Bomoine, Siéloune and
TVX, each time, exhibited similar responses not significantly different (Table 5: Figures I, J,
K, K, L, M). The average number of pods, length of pods and number of seeds values of the
variety Ketcheyi were significantly different from other varieties' values. Analysis of DSlIs
(Fisher-Maurer indexes) revealed that Ketcheyi-Soukpelo, Malgbong-Bomoine, Siéloune and
TVX are drought-tolerant (DSIs < 1), while Amélassiwa and Ketcheyi are susceptible (DSls >
1).
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Table 5: Effect of water deficit on agronomic variables (means comparison, Tukey HSD)
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Legend (Table 5): pval-vrt = p-value of varieties effect; pval-wr = p-value of water regime
effect; pval-vrt:wr = interaction p-value. Varieties with the same letter are not significantly
different. Ame: Amélassiwa, Ket S: Ketcheyi-Soukpelo, Ket: Ketcheyi, Mal B: Malgbong-
Bomoine, Sié: Siéloune.

Spearman Correlation Between the Variables

The analysis confirmed a negative correlation between protein and proline contents (Figure 2).
MDA was negatively correlated with plant height, number of leaves, RWC and proline content,
but positively connected with protein content. Plant productivity was negatively correlated with
average height and number of leaves, which was negatively correlated with all yield variables.
The number of lateral roots was positively correlated with average plant height and number of
leaves, and negatively correlated with RWC. Finally, yield parameters were positively
correlated with each other.
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Figure 2: Correlation matrix visualisation

Legend: HTR: height; NLE: mean number of leaves; RWC: relative water content; PROT:
total proteins; PLN: Proline; MDA: malondialdehyde; LRP: average main root length; NRS:
Mean number of lateral roots > 2cm; NPO: mean number of pods; LPO: average pod length;
NSD: mean number of seeds; PDV: average productivity.

Principal Component Analysis

Principal component analysis revealed that the initial two axes accounted for approximately
60.81% of the information and, when joined with the third dimension, elucidated 74.38% of
the information. Yield variables exhibited a correlation with the first axis, while biochemical
variables were more associated with the second axis. Two major groups emerged from the first
two axes. The first group consists of Amélassiwa, which is negatively connected to the first
axis; Ketcheyi, which is negatively connected to both axes on the one hand; and Ketcheyi-
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Soukpelo and Malgbong-Bomoine, which are both more connected to the second axis and
proline content on the other. The second group consisted of TVX and Siéloune, positively
correlated with both axes and with protein and MDA contents. Therefore, varieties exhibiting
higher yields were more connected with proline content, whereas those showing higher
productivity were more correlated with protein and MDA contents. Morphophysiological
parameters (HT, NLE, NRS) are negatively correlated with both axes.

-

—
1

groups
Ame
Ket

[Z] xets

Mal B
Sié
TVX

standardizedPC2 (21.7%)

standardizedPC1 (39.1%)

Figure 3: Projection of all variables along the first two dimensions

Legend: HTR: height; NLE: mean number of leaves; RWC: relative water content; PROT:
total proteins; PLN: Proline; MDA: malondialdehyde; LRP: average main root length; NRS:
Mean number of lateral roots > 2cm; NPO: mean number of pods; LPO: average pod length;
NSD: mean number of seeds; PDV: average productivity. Ame: Amélassiwa; Ket S: Ketcheyi-
Soukpelo; Ket: Ketcheyi; Mal B: Malgbong-Bomoine; Sié: Siéloune.

DISCUSSION

The six examined varieties exhibited various decline rates in RWC. Amélassiwa and Ketcheyi
exhibited moderate stress while Ketcheyi-Soukpelo, TV X, Malgbong-Bomoine, and Siéloune
showed mild stress. With greater decreases in RWC, Amélassiwa and Siéloune were more
affected. The larger declines in HTR in Ketcheyi, Ketcheyi-Soukpelo, and Malgbong-Bomoine
and in NLE in Amélassiwa and Ketcheyi elucidated greater growth inhibition in both of these
varieties. They exhibited more susceptibility regarding these three variables. The growth
inhibition affected root differentiation as well, leading to a decrease in the number of lateral
roots > 2 cm. Drought stress generally results in the inhibition of organogenesis in plants.
Several studies reported similar declines in RWC (Kardile et al., 2018) and plant growth
(Olorunwa et al., 2021; Atakora et al., 2023). For a 14-day induced water deficit, Thuc et al.
(2022) also noticed a decrease in root growth in cowpea.
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Under drought stress, plants accumulate various molecules/solutes to achieve osmotic
adjustment, close the stomata, or neutralise ROS, reactive oxygen species (Osakabe et al.,
2014; Meena et al., 2019). Even if ANOVA revealed a non-significant effect of water
deprivation on total protein and proline contents, the observed negative correlation between
both contents could indicate two mechanisms to regulate their contents: protein degradation in
Amélassiwa, Ketcheyi and Siéloune to liberate proline for an osmotic adjustment and,
conversely, proline mobilisation in TVX, Malgbong-Bomoine and Ketcheyi-Soukpelo for the
synthesis of proteins, such as multifunctional proline-rich proteins (PRPs) (Kavi Kishor et al.,
2015; Ribeiro et al., 2023) and antioxidant system enzymes (CAT, APX, POD, etc.) (Ramalho
etal., 2018 ; Bokobana et al., 2019). Therein, Gujjar et al. (2018) found a negative association
between protein gene expression (PRPs) and proline levels in tomatoes during drought stress,
implying that these proteins regulate proline levels. Carvalho et al. (2019) found a significant
accumulation of proline in their work, and noticed that proline and anthocyanin contents have
contributed mostly to discriminate genotypes under the water deprivation they imposed.
Hamidou et al. (2007) also found a significant accumulation of proline with non-significant
variation in protein content. Regarding MDA accumulation, it differed between varieties
because the susceptibility to water deprivation is variety-dependent (Ndiso et al., 2016). The
absence of accumulation of MDA in Ketcheyi-Soukpelo highlighted an effective strategy to
maintain membrane integrity. Thus, the high accumulation in Amélassiwa revealed that the
variety is the most susceptible. The other varieties showed intermediate values, meaning
moderate susceptibility.

Water deficit often severely affects yield variables during the reproductive phase (Daryanto et
al., 2015; Ngompe Deffo et al., 2024). The decrease in NSD and NPO in all varieties can be
explained by a negative effect of water deficit on seed filling, pod formation, fertilisation, and
photosynthesis, as mentioned by Farooq et al. (2009) and Hayatu and Mukhtar (2014). Besides,
the negative correlation between the average number of leaves and yield variables elucidated a
significant impact of the leaf area on these decreases. Of the six varieties studied, Amélassiwa
and Ketcheyi were characterised by higher DSIs, indicating higher susceptibility to drought
stress. According to varieties DSIs and PCA, the six varieties can be divided into three
categories: susceptible varieties (Ketcheyi and Amélassiwa), medium-tolerant varieties
(Siéloune, Malgbong-Bomoine, and TVX), and high-tolerant varieties (Ketcheyi-Soukpelo).
PCA revealed as well that varieties that exhibited higher yields were correlated with proline
content, while those that showed higher productivity and MDA level were correlated with
protein content. TVX, an improved variety, had the highest protein content, a positive
connection with MDA, and a DSI heading towards 1; this suggests that it may grow more
susceptible to harsher droughts. Thus, based on this study and earlier research (Carvalho et al.,
2019, dos Santos et al., 2022; de Souza Leite et al., 2023 etc.), osmotic adjustment mechanisms
appear to be an important factor to examine first in varietal improvement.
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CONCLUSION

In all varieties examined, drought stress affected organogenesis negatively (decreases in plant
height, number of leaves, lateral roots and fructification). A negative correlation between
proline and protein contents was noted. This may elucidate some attempts to regulate these
biochemical variables. Besides, an accumulation of MDA in all varieties was recorded except
in Ketcheyi, but with a peak in Amélassiwa. Regarding yield parameters, each variety recorded
a decline, with Amelassiwa and Ketcheyi recording the largest ones. These two varieties also
exhibited very high DSls, reflecting their high susceptibility to drought. With the lowest DSI,
Ketcheyi-Soukpelo is the most tolerant variety, thereby a good candidate for a variety
improvement programme that includes drought resistance. Cultivation of Amélassiwa and
Ketcheyi varieties requires specific irrigation mechanisms well adapted to local agroecological
conditions, especially during sudden drought periods. Finally, varieties that exhibited higher
yields were correlated with proline content, whereas those showing higher productivity and
MDA level were correlated with protein content. This implies that osmotic adjustments are
important aspects to target first during variety improvement.

REFERENCES

Atakora, K., Essilfie, M., Agyarko, K., Dapaah, H. & Santo, K. (2023). Evaluation of Yield
and Yield Components of Some Cowpea (Vigna unguiculata (L.) Walp) Genotypes in
Forest and Transitional Zones of Ghana. Agricultural Sciences, 14, 878-897.
https://doi.org/10.4236/as.2023.147059

Aziadekey M., Atayi A., Odah K. & Magamana A. E. (2014). Etude de I’influence du stress
hydrique sur deux lignées de niébé. European Scientific Journal 11(1): 1857- 7431.

Badjana, H. M., Houkpé K., Wala, K., Batawila, K., Akpagana, K., & Edjamé K.S. (2014).
Analyse de la variabilité temporelle et spatiale des séries climatiques du Nord du Togo
entre 1960 et 2010. Eur. Sci. J., 10:257-275.

Baize D. (2000). Guide des analyses en pédologie. 2éme édition, édition I.N.R.A.

Barrs, H. D., & Weatherley, P. E. (1962). A re-examination of the relative turgidity technique
for estimating water deficit in leaves. Australian Journal of Biological Sciences, 15(3),
413-428.

Blum, A. (2005). Drought resistance, water-use efficiency, and yield potential- are they
compatible, dissonant, or mutually exclusive ? Crop & Pasture Science, 56(11), 1159—
1168. https://doi.org/10.1071/AR05069 Abstract accessed on 17 /08/2024

Bogdanov, S. 1999. Harmonised methods of the International Honey Commission. Swiss Bee
Research Center, FAM, Liebefeld, CH-3003 Bern, Switzerland, p. 62

Bokobana A., Toundou O., Odah K., Dossou K. S., & Tozo K. (2019). Enhancement of proline
content and antioxidant enzyme activities induced by drought stress in maize (Zea mays
L.) by application of compost. Internal Journal of Biological and Chemical Research, 13
(7): 2978-2990.

Bradford M. M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Anal. Biochem., 72(1-
2): 248-254.

Carvalho, M., Castro, I., Moutinho-Pereira, J., Correia, C., Egea-Cortines, M., Matos, M.,
Rosa, E., Carnide, V. & Lino-Neto, T. (2019). Evaluating stress responses in cowpea
under drought stress. Journal of Plant Physiology, 241, p.153001.

152 Article DOI: 10.52589/AJAFS-02ZEACYN
DOI URL: https://doi.org/10.52589/AJAFS-02ZEACYN


https://doi.org/10.4236/as.2023.147059
https://doi.org/10.1071/AR05069

African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 8, Issue 2, 2025 (pp. 139-155) www.abjournals.org

!

Chaves, M. M., Maroco, J. P., & Pereira, J. S. (2003). Understanding plant responses to drought
— from genes to the whole plant. Functional Plant Biology, 30(3), 239-264.

Clarke, J.M., Richards, R.A., & Condon, A.G. (1991). Effect of drought stress on residual
transpiration and its relationship with water use of wheat. Canadian Journal of Plant
Science, 71(3), pp.695-702.

Dadson, R.B., Hashem, F.M., Javaid, 1., Allen, A.L., & Devine, T.E. (2005). Effect of drought
stress on yield of cowpea (Vigna unguiculata L. Walp.) genotypes in the Delmarva region
of the United States. J. Agron. Crop Sci. 191: 210-217.

Dagnon Y.D., 2018. Gestion paysanne, caractérisation agromorphologique et moléculaire des
variétés locales du niébé cultivé au Togo. Doctoral thesis. Université de Lomé.

Daryanto S., Wang L., & Jacinthe PA. (2015). Global Synthesis of Drought Effects on Food
Legume Production. PLo0S One. 10(6): e0127401.
https://doi.org/10.1371/journal.pone.0127401. PMID: 26061704; PMCID:
PMC4464651. Abstract accessed on 31/07/2024

de Sousa Leite, W., de Souza Miranda, R., de Moura Rocha, M., Dutra, A. F., Santos, A. S., da
Silva, A. C., ... & de Alcantara Neto, F. (2023). Silicon alleviates drought damage by
increasing antioxidant and photosynthetic performance in cowpea. Journal of Agronomy
and Crop Science, 209(6), 772-787.

dos Santos, A. R., Melo, Y. L., de Oliveira, L. F., Cavalcante, I. E., de Souza Ferraz, R. L., da
Silva S§, F. V., ... & de Melo, A. S. (2022). Exogenous silicon and proline modulate
osmoprotection and antioxidant activity in cowpea under drought stress. Journal of Soil
Science and Plant Nutrition, 22(2), 1692-1699.

Dugje, 1. Y., Omoigui, L. O., Ekeleme, F., Kamara, A. Y., & Ajeigbe, H. (2009). Farmers’
guide to cowpea production in West Africa. lITA, Ibadan, Nigeria, 20, 12-14.

Edou K., 2021. Variabilité pluviométrique et production agricole dans 1’est de la région
maritime au Togo. Doctoral thesis. GEOGRAPHIE HUMAINE. Université de Lomeé.

FAOSTAT, 2024. https://www.fao.org/faostat/en/#data/QCL /visualize

Farooq, M., Wahid, A. Kobayashi, N., Fujita, D., & Basra, S.M.A. (2009). Plant drought stress:
effects, mechanisms and management. Agronomy for Sustainable Development, 29 (1),
pp.185-212. ffhal-00886451f. https://doi.org/10.1051/agro:2008021.

Fischer, R.A. & Maurer, R. (1978). Drought resistance in spring wheat varieties : I. Grain yields
responses. Australian Journal of Agricultural Research. 29(4): 897-907. doi:
10.1071/AR9780897.

Fu, Z., Ciais, P., Wigneron, J. P., Gentine, P., Feldman, A. F., Makowski, D., & Smith, W. K.
(2024). Global critical soil moisture thresholds of plant water stress. Nature
communications, 15(1), 4826.

Gujjar, R. S., Karkute, S. G., Rai, A., Singh, M., & Singh, B. (2018). Proline-rich proteins may
regulate free cellular proline levels during drought stress in tomato. Current Science, 915-
920.

Hamidou, F., Mamoudou, H.D., Gérard, Z., Alfred, S.T., & Sita, G. (2005). Réponse adaptative
de deux variétés de niébé a un stress hydrique. Cah. Agric. vol. 14, n° 6. pp. 561-567.

Hamidou, F., Zombre, G., Diouf, O., Diop, N. N., Guinko, S., & Braconnier, S. (2007).
Physiological, biochemical and agromorphological responses of five cowpea genotypes
(Vigna unguiculata (L.) Walp.) to water deficit under glasshouse conditions.
https://agritrop.cirad.fr/543303/1/543303.pdf

Hayatu, M., & Mukhtar, F. B. (2014). Effect of Drought stress on the Growth and Yield of
Some Drought Tolerant Cowpea Genotypes (Vigna unguiculata (L.) Walp). Savannah
Journal of Agriculture. Vol 9(1):1-6.

153 Article DOI: 10.52589/AJAFS-02ZEACYN
DOI URL: https://doi.org/10.52589/AJAFS-02ZEACYN


https://www.fao.org/faostat/en/#data/QCL/visualize
https://doi.org/10.1051/agro:2008021
https://agritrop.cirad.fr/543303/1/543303.pdf

African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 8, Issue 2, 2025 (pp. 139-155) www.abjournals.org

!

Heath R. L., & Parcker L. (1968). Photoperoxidation in isolated chloroplasts. 1. Kinetics tries
of fatty acid peroxidation. Arch. Biochem. Biophys., 125: 189-198.

Jaleel, C. A., Manivannan, P., Wahid, A., Farooq, M., Al-Juburi, H. J., Somasundaram, R., &
Panneerselvam, R. (2009). Drought stress in plants: A review on morphological
characteristics and pigments composition. International Journal of Agriculture and
Biology, 11(2), 100-105. https://agris.fao.org/agris-
search/search.do?recordID=PK2009000855.

Jones, H. G. (2007). Monitoring Plant and Soil Water Status: Established and Novel Methods
Revisited and Their Limitations. Plant and Soil, 301(1), 5-20.

Holbert C., 2022. Non-Parametric Two Way ANOVA.
https://cfholbert.com/blog/nonparametric.....

Kamara, A. Y., Chikoye, D., Ekeleme, F., Omoigui, L. O., & Dugje, I. Y. (2008). Field
performance of improved cowpea varieties under conditions of natural infestation by the
parasitic weed Striga gesnerioides. International Journal of Pest Management, 54(3),
189-195. https://doi.org/10.1080/09670870801930260. Abstract accessed on 17
108/2024.

Kardile, P.B., K.N. Dahatonde, M.V. Rakshe & Burondkar, M.M. (2018). Effect of Moisture
Stress on Leaf Relative Water Content (RWC) of Four Cowpea (Vigna unguiculata L.
walp.) Genotypes at Different Stages of Growth. Int.J.Curr.Microbiol.App.Sci. 7(04):
2645-2649. https://doi.org/10.20546/ijcmas.2018.704.301

Kavi Kishor P.B., Hima Kumari P., Sunita M.S.L., & Sreenivasulu N. (2015). Role of proline
in cell wall synthesis and plant development and its implications in plant ontogeny. Front.
Plant Sci. 6:544. https://doi.org/10.3389/fpls.2015.00544.

Koudahe, K. , Kayode, A., Samson, A. , Adebola, A., & Djaman, K. (2017). Trend Analysis
in Standardized Precipitation Index and Standardized Anomaly Index in the Context of
Climate Change in Southern Togo. Atmospheric and Climate Sciences, 7, 401-423.
https://doi.org/10.4236/acs.2017.74030.

Kramer, P. J., & Boyer, J. S. (1995). Water Relations of Plants and Soils. Academic Press.

Ledi K. K., 2020. Réponses adaptatives au déficit hydrique de variétés cultivées de piments
(Capsicum spp.) au Togo. Doctoral thesis. Université de Lomé.

Meena, M., Divyanshu, K., Kumar, S., Swapnil, P., Zehra, A., Shukla, V., & Upadhyay, R. S.
(2019). Regulation of L-proline biosynthesis, signal transduction, transport,
accumulation and its vital role in plants during variable environmental
conditions. Heliyon, 5(12).

Mikémina, P., 2013. Climate change impact on Togo’s agriculture performance: a ricardian
analysis based on time series data. Ethiopian Journal of Environmental Studies and
Management, 6(4), 390-397.

Ministere de I’ Agriculture, de ’Elevage et du Développement Rural (MAEDR), 2021. Focus
sur la recolte et le stockage du niebé. Lien: https://agriculture.gouv.tg/focus-sur-la-
recolte-et-le-stockage-niebe/ .Accessed on 10 /06/2024.

Mgller, 1.LM., Jensen, P.E. & Hansson, A. (2007). Oxidative modifications to cellular
components in plants. Annu. Rev. Plant Biol.,, 58(1), pp.459-481.
https://doi.org/10.1146/annurev.arplant.58.032806.103946

Ndiso, J.B., Chemining’wa, G.N., Olubayo, F., & Saha, H. (2016). Effect of Drought Stress on
Canopy Temperature, Growth and Yield Performance of Cowpea Varieties
. International Journal of Plant  and Soil Science, 9, 1-12.
https://doi.org/10.9734/1JPSS/2016/21844.

154 Article DOI: 10.52589/AJAFS-02ZEACYN
DOI URL: https://doi.org/10.52589/AJAFS-02ZEACYN


https://agris.fao.org/agris-search/search.do?recordID=PK2009000855
https://agris.fao.org/agris-search/search.do?recordID=PK2009000855
https://cfholbert.com/blog/nonparametric
https://doi.org/10.1080/09670870801930260
https://doi.org/10.20546/ijcmas.2018.704.301
https://doi.org/10.3389/fpls.2015.00544
https://doi.org/10.4236/acs.2017.74030
https://agriculture.gouv.tg/focus-sur-la-recolte-et-le-stockage-niebe/
https://agriculture.gouv.tg/focus-sur-la-recolte-et-le-stockage-niebe/
https://doi.org/10.1146/annurev.arplant.58.032806.103946
https://doi.org/10.9734/IJPSS/2016/21844

African Journal of Agriculture and Food Science
ISSN: 2689-5331
Volume 8, Issue 2, 2025 (pp. 139-155) www.abjournals.org

!

Ngompe Deffo T., Kouam E.B., Mandou M.S., Bara R.A., Chotangui A.H., Souleymanou A.,
Beyegue Djonko H., & Tankou C.M. (2024). Identifying critical growth stage and
resilient genotypes in cowpea under drought stress contributes to enhancing crop
tolerance for improvement and adaptation in Cameroon. PLoS One. 19(6):e0304674. doi:
10.1371/journal.pone.0304674. PMID: 38941312; PMCID: PMC11213307

Olorunwa, O.J., Shi, A., & Barickman, T.C. (2021). Varying drought stress induces morpho-
physiological changes in cowpea (Vigna unguiculata (L.) genotypes inoculated with
Bradyrhizobium japonicum. Plant Stress, 2, p.100033.

Osakabe, Y., Osakabe, K., Shinozaki, K., & Tran, L.S.P. (2014). Response of plants to drought
stress. Frontiers in plant science, 5, p.86. https://doi.org/10.3389/fpls.2014.00086
Owade J., Abong’ G., Okoth M., & Mwang’ombe A. (2020). Trends and Constraints in the
production and utiliszation of cowpea leaves in the arid and semi-arid lands of Kenya.
Open Agriculture, Vol.5 (Issue 1), pp. 325-334. https://doi.org/10.1515/0pag-2020-0038

Ramalho, J.C., Zlatev, Z.S., Leitdo, A.E., Pais, I.P., Fortunato, A.S., & Lidon, F.C. (2014).
Moderate drought stress causes different stomatal and non-stomatal changes in the
photosynthetic functioning of Phaseolus vulgaris L. genotypes. Plant Biol. 16 (1), 133—
146. https://doi.org/10.1111/plb.12018. Résume consulté le 26/10/2023

Ribeiro, D. G., Bezerra, A. C. M., Santos, I. R., Grynberg, P., Fontes, W., de Souza Castro, M.,
& Mehta, A. (2023). Proteomic insights of cowpea response to combined biotic and
abiotic stresses. Plants, 12(9), 1900. https://doi.org/10.3390/plants12091900.

Sanfo A., Zampaligré, N., Kulo, A. E. (2020). Analyse des préférences des agropasteurs pour
la production et la conservation du fourrage a base de variétés améliorées de cultures a
double objectifs dans deux zones agro-écologiques au Burkina Faso. Journal of Animal
& Plant Sciences, 46(3), 8318-8335. https://doi.org/10.35759/JAnmPISci.v46-3.5.

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

Soule B., 2002. Le marché du niébé dans les pays du Golfe de Guinée (Cote-d'lvoire, Ghana,
Togo, Bénin et Nigeria), Laboratoire d’Analyse Régionale et d’Expertise Sociale
(LARES), Pp 31.

Taiz, L., Zeiger, E., Mgller, I. M., & Murphy, A. (2015). Plant Physiology and Development.
6th Ed. Sinauer Associates.

Thuc, L. V., Do, H. Q., & Minh, V. Q. (2023). Effects of drought and salinity on growth, yield
and nutritional contents of cowpea bean (Vigna marina). Legume Research-An
International Journal, 46(3), 353-358. https://doi.org/10.18805/LRF-716 .

Toudou Daouda A K., Atta S., Inoussa M.M., & Bakasso Y. (2017). Mécanisme de tolérance
a la sécheresse du niébé pendant la phase végétative. Journal of Applied Biosciences
117 :11737-11743.

Wach, D., & Skowron, P. (2022). An overview of plant responses to the drought stress at
morphological, physiological and biochemical levels. Polish Journal of Agronomy, (50),
25-34. https://doi.org/10.26114/pja.iung.435.2022.04

Yorikoume K., Aziadekey M., Banito A., Pocanam Y., & Tozo K. (2018). Evaluation de quatre
varieties de niebe (vigna unguiculata (I.) walp.) pour leur résistance au déficit hydrique
et a I’adventice parasite, Stria gesnerioides (Willd.) VVatke au Togo. European Scientific
Journal. https://doi.org/10.19044/es].2018.v14n6p215

155 Article DOI: 10.52589/AJAFS-02ZEACYN
DOI URL: https://doi.org/10.52589/AJAFS-02ZEACYN


https://doi.org/10.3389/fpls.2014.00086
https://doi.org/10.1515/opag-2020-0038
https://doi.org/10.1111/plb.12018.%20R%C3%A9sum%C3%A9%20consult%C3%A9%20le%2026/10/2023
https://doi.org/10.3390/plants12091900
https://doi.org/10.35759/JAnmPlSci.v46-3.5
https://doi.org/10.18805/LRF-716
https://doi.org/10.26114/pja.iung.435.2022.04
https://doi.org/10.19044/esj.2018.v14n6p215

