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ABSTRACT

Cowpea production is severely hindered by water scarcity; thus, understanding
morpho-physiological response mechanisms of known drought-tolerant cultivars
under water-deficit stress is critical to identify and establish representative yield-
related traits of climate-hardy cowpeas. To determine cowpea genotypic variability
to drought-tolerance, seventeen days-post sowing (DPS) greenhouse plants were
subjected to 14-days drought stress without watering, then watered every 10-days
at 25%, 50%, and 75% field capacity (FC) until maturity in two-trial experiment.
Controls were well-watered at 100% FC every 3-days. Drought stress data were
collected on plant height, stem diameter, chlorophyll content and terminal leaflet
expansion rate. At maturity, 83 to 119 DPS, pod number, shoot and root biomass,
and seed yield per plant were recorded. Data were combined and analyzed using
analysis of variance. Drought tolerance was evaluated by percent change in
performance and stress tolerance indexes. Drought stress in both trials impacted
phenotypic expression. Plant height declined by 74%, stem diameter 18.2%,
chlorophyll content, 47.6% terminal leaf length 83.2%, and width 85.2%. Pods per
plant were reduced by 73% and seed yield by 98.8%. The estimated correlation
between morpho-physiological and other yield-related traits of drought-tolerance
indices verified that TVu 11987, LOBIA-I-SEFADE, and TVu 7362 were drought
tolerant along with confirmed tolerant commercial cultivars California Blackeye
No.5, Big Boy, and Lady. These cultivars exhibited different stress-coping strategies
of low water requirements and growth performance to yield reduction. Overall, the
genotypic performance recorded as drought-tolerant characteristics may be
recommended as potential screening factors for donor cultivar traits in cowpea
breeding programs.

Keywords: Cowpea (Vigna unguiculata), Water Stress, Field Capacity, Morpho-
physiological Traits, Growth and Grain Yield Response.

INTRODUCTION
Cowpea [Vigna unguiculata (L.) Walp.], Fabaceae, (2n = 2x = 22) is an important legume and
inexpensive source of protein, vitamins, minerals and fiber for millions of low-income
households where it is consumed as dry grain and leaves as vegetables [1], [2]. According to
Food and Agriculture Organization (FAO), 14.5 million ha of land are devoted to cowpea
production, mainly in the African countries of Niger, Nigeria, Burkina Faso, Mali, and Sudan,
accounting for 75% of global grain production and 78% of cultivated area. However, the
average production in most African countries is below 1t ha'! compared to the potential yield
of up to 3t ha'l [3], [4] due to abiotic factors such as environmental fluctuations and soil and
water limiting conditions. These factors are important plant growth and development
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determinants, particularly drought, which can severely limit the productivity and quality of
cowpeas. In the United States (U.S.), cowpea is an introduced field, and horticultural crop with
much of the production predominantly practiced in the southern states where cowpea remains
a staple food [4], [5], [6]. Cowpea production in the U.S. is practiced on about 5,220 ha in which
11,750 tons of cowpeas are harvested [3], [7] as dried seed commonly known as black-eyed
peas or southern peas, and often cooked, canned or frozen. Furthermore, some cowpeas are
harvested while the seeds are high in moisture, and sold fresh [4], [8], [9].- The U.S dry cowpea
production has been continuously declining due to changing cropping systems, environmental
fluctuations and overall food consumption trends as opposed to increased land devoted for
cowpea production in other regions [4], [9]. Other sources suggests that, the collapse of cowpea
acreage is associated with increased acreage of soybean due to ease of mechanization and
reduced pest problems [10]. However, cowpea is considered more drought-tolerant than
soybeans and well adapted to sandy soil types [11].Due to the importance of cowpea
worldwide, versatile end uses and unique grain characteristics, there is a dire need to
understand its tolerance performance under soil water deficit and extreme temperatures to
help develop hardy crops with higher grain yield stability and better stress adaptation to
changes in the global climate.

As global climate change and related problems increase, water shortage is becoming
increasingly alarming [12]. These environmental constraints not only impact plant growth,
yield, and water relations, but also membrane integrity, pigment content, and photosynthesis
[13], [14], especially during pre-anthesis. Cowpea production, especially in Africa, is primarily
grown under rainfed conditions thus, its productivity is essentially hindered by erratic rainfall
patterns which either come late, at the beginning of the season or stops earlier than usual,
leading to severe drought conditions during the growing season [15], [16]. Although cowpea
species are naturally well-adapted to growing in drier regions where other legumes do not
perform well, many varieties are potentially affected by various environmental factors
resulting in a serious reduction of crop yield and quality [17], [18]. Hence, the adaptability of
some cultivars to withstand both heat and drought is of significant interest for gaining insight
into their resiliency in extreme environmental conditions.

Cowpea exhibits inherent genotypic variations in response to drought stress. Some cultivars
are comprised of discrete physiological and morphological traits that enhance their ability to
adapt to different environmental conditions [19]. Purushothaman et al., [20] indicated that root
traits like thick cortex aid cowpea to effectively absorb re-introduced soil moisture after
drought stress which enhances recovery. The application of efficient screening techniques
would facilitate the identification of key traits for breeding to improve drought stress
adaptation, yield, and quality. Phenotypic evaluation is the first step in the screening of
desirable and promising cowpea genotypes with drought adaptive characteristics [21], [22].
Two methods employed include the empirical or performance approach that uses grain yield
and its components as the main criteria, since yield is the integrated expression of the entire
array of traits related to productivity under stress. The second method is the physiological
approach that identifies a specific physiological or morphological trait that significantly
contributes to growth and yield in the event of drought [23]. Physiological parameters like
water potential, relative turgidity, diffusion pressure deficit, chlorophyll stability index and
carbon isotope determination are technically difficult and are associated with a high cost of
time and investment, especially when large numbers of breeding populations are involved [24],
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[25]. Field screening is difficult due to uncertainties of rainfall differences in photoperiod and
temperatures especially in the dry seasons [26]. Pot screening method under greenhouse
conditions is an effective and controlled method for evaluating cowpea agronomic performance
under water-deficit stress and identification of drought-tolerant characteristics of resistant
genotypes [27]. We present in this study a systematic greenhouse evaluation of 15 selected
cowpea cultivars under pre- and post-anthesis water deficit to gain an understanding of
genotypic variation in stress adaptation to explore the possible associations among studied
traits for their potential in developing enhanced phenotypic pools that can be used in breeding.
We investigated the impact of no-watering, different types of soil moisture stresses on the
physiological, morphological, and yield response of cowpea to identify high-performing
germplasm.

MATERIALS AND METHODS

Plant Materials, Soil, and Conditioning

Fifteen cowpea cultivars with known and unknown responses to drought stress were selected
for this work (Table 1). They were comprised of six plant introductions (PIs) requested from
the United States (U.S.) Department of Agriculture (USDA) National Plant Germplasm System
(NPGS) and nine commercial cultivars grown by U.S. farmers. The soil was collected from
Tuskegee University’s George Washington Carver Agricultural Experiment Station situated in
Tuskegee, Alabama (32° 26’ 15.59” N 85° 44’ 0.8.70° W) in October 2019. The taxonomic
classification of the soil is fine loamy, kaolinitic, thermic Typic Kanhapludults. The soil belongs
to the Marvyn soil series, consisting of very deep, well-drained dark greyish brown loamy sand
at 0-7 inches, a yellowish-brown sandy loam at 7-15 inches, and a sandy clay at a depth below
15 inches. This geographic location has a dominant slope range of 2-5%, mean annual
temperature of 65°F, and annual precipitation of about 54 inches. The soil series are non-saline
(0.5-2.0 mohms/cm) with strong to moderate acid reaction.

The collected topsoil (0-15cm) was sorted to remove large debris (plant residue and pebbles)
manually, then passed through a 0.5cm mesh sieve. Tap water was added to the soil to evenly
moisten, mixed thoroughly and then steam sterilized (Pro-Grow electric soil sterilizer, Model
SS-60R, Brookfield, WI) at 82.2°C for 48 hours. The sterilized soil was air dried for four days
followed by thorough mixing with potting soil (SUNGRO:#52 2.8 CUFT 42/PLT; Sun Gro
Horticulture, Agawam, MA, USA) in a ratio of 2:1, respectively. The potted mixed soil moisture
was determined gravimetrically as described in [28], [29]. Briefly, a 1000 ml graduated cylinder
was drilled in the bottom to allow air to escape when water was added. The cylinder was filled
with a random subsample of air-dried soil, which was tamped to a similar consistency as used
in the pots. The surface of the soil was covered with a paper towel, and 100 ml of water was
poured slowly onto the surface to obtain an even distribution through the column. The cylinder
was covered by aluminum foil to avoid evaporation and allowed to equilibrate for 24 hours. Soil
samples were collected from the cylinder in triplicate about 5 cm above the wetting front and
dried at 105°C to a constant weight, after which dry weight was recorded and gravimetric
moisture fraction was determined using the fresh to dry weight ratio. This information was
used to determine the amount of oven-dry soil per pot and watering to field capacity. Watering
treatments were calculated based on soil moisture equivalent to field capacity (FC) in
percentages; that is 5.5kg of the air-dried mixed soil was transferred to each pot (22cm height
X 22cm diameter) and watered with 935ml tap water to achieve 100% FC. Three soil water-
stress treatments were established and classified as 25% FC, 50% FC, 75% FC, and the control
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or optimum conditions at 100% FC. These FC treatment levels were applied to the plants after
a fourteen-day non-watering period as severe drought.

Table 1. The list of fifteen cowpea cultivars evaluated for drought stress tolerance at Tuskegee
University Agricultural Experiment Station, AL, USA (2019/2020)

SN Plant name A.V' 1 Seed Status Origin Drou_g_h t Other traits
size (mg) sensitivity
L g/i;\SIZLSSlppI 163.33 Comm. Var | United States | Susceptible EEZiﬁggaY;ge(ngigOOt
2. g:&f&i; Brown 186.67 Comm. Var | United States | Tolerant Resistant to diseases
3. Top Pick Cream |133.33 Comm. Var [ United States | Susceptible |Unknown
4. Big Boy 340.00 Comm. Var | United States | Tolerant Unknown
> g?zlllcflg;;;aNo. 5 186.67 Comm. Var | United States | Tolerant ;‘éﬁ;‘;ﬁe‘;ﬂ(ﬁ)ﬂﬂ'
6. Lady 90.00 Comm. Var | United States | Tolerant Unknown
7. Pinkeye Purple 176.67 Comm. Var | United States | Tolerant Black.e ye.Cowpea
Hull BVR Mosaic Virus (R)
8. Black Crowder [196.67 Comm. Var | United States | Tolerant Unknown
9. [TVu7362 120.00 Pl Nigeria Unknown [Unknown
10. | TVu 11987 143.33 PI Sudan Unknown [Unknown
11. | LOBIA-I-SEFADE |243.33 Pl Afghanistan | Unknown [Unknown
12. | UCR 242 160.00 PI Tanzania Unknown [Unknown
13. | TVnu 113 30.00 PI Tanzania Unknown [Unknown
14. | K929 146.67 Pl Iraq Unknown [Unknown
15. | White Acre 130.00 Comm. Var [ United States [ Tolerant Early maturity

Av, average; Comm var, commercial variety; PI, plant introduction; R, Resistant. Phenotype
information were obtained from [30], [31]

Experimental Design and Drought Stress Treatment

Experiments were conducted in 2019 (October 2019 - January 2020) at Tuskegee University,
Agricultural Experiment Station (TU-AES) greenhouse. The experimental layout was a
Randomized Complete Block Design (RCRD) as a split-plot with a 4 x 15 x 3 factorial treatments
arrangement. The drought stress treatment levels (25% FC, 50% FC, 75% FC) and the 100% FC
control were the main plots while sub-plots consisted of cowpea cultivars (Table 1) in both
experiments. After filling each pot with mixed soil described above, all pots were watered to
field capacity (100%) by adding 935 ml of tap water and left to sit for 24 hours. Five seeds of
each cultivar were sown in each pot according to experimental design. Following seedlings
emergence, thinning was performed to two fairly vigorous growing seedlings per pot, and soil
moisture was maintained at field capacity until the first trifoliate leaves were fully expanded at
17 days after sowing. These 17 days post sowing (DPS) plants, except for the controls, were
then subjected to a drought stress treatment by suspending watering for 14 days to mimic
severe drought conditions. On the 15t day following the drought stress, watering resumed at
25% FC, 50% FC, 75% FC every 10-days per experimental layout. The controls were well-
watered at 100% FC every three days without pre-drought treatment. These treatments were
maintained throughout the remainder of the experimental period until maturity. Plants were
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protected from insects by a weekly spray of pyrethrin concentrate (15cc/gallon of water) from
flowering to maturity, and no fertilizers were applied.

Greenhouse Conditions

Weather parameters such as temperature and relative humidity were recorded using a HOBO
U12-012 data logger (Onset Computer Corporation, MA, USA) throughout the experimental
period. The average maximum and minimum temperature and relative humidity of the
greenhouse are shown in Table 2. The average maximum temperature was either below or
within the optimal range for cowpea (22 °C and 35 °C) as described by Singh, [9].

Table 2. Mean monthly greenhouse weather data during the experimental period

Year Month Tmax (°C) Tmin (°C) RHmax (%) RHmin (%)

2019/2020 October 30.81 18.74 65.00 34.09
November 36.87 13.23 87.32 42.07
December 28.79 8.27 87.05 35.11
January 32.15 13.42 84.43 43.24

Tmax, average maximum temperature; Twin, average minimum temperature; RHuax, average
maximum relative humidity; RHniy, average minimum relative humidity.

Data Collection and Statistical Analysis
Data on growth parameters were assessed at weekly intervals from drought treatments
initiation at 18 DPS through the water-stress levels for four weeks except for terminal leaflet
expansion rate, which was assessed at 3-day intervals on a tagged leaf from the time the leaf
opened until when the leaf attained full expansion. Traits measured included plant height (PH)
from 1 cm above soil level to the apex of the plant, stem diameter (St. D) measured 1.5cm above
the soil level, chlorophyll content (Ch. C) by using chlorophyll concentration meter, Model MC-
100 (Apogee instruments Logan, UT, USA), and expansion rate:which was determined by
measuring the length (TL L) and width (TL. W) of terminal leaflet of the second trifoliate leaf. At
maturity, plants were harvested to determine yield components and seed yield. These were
number of pods per plant (NP/P), seed yield per plant (SY/P) after shelling the dried pods and
the seeds were weighed and weight recorded. Shoot (SDW) and root (RDW) dry biomass were
determined by separating the shoots and roots that were carefully cleaned and then dried at
70°C until constant weight was attained, and dry weight recorded. All data were recorded as
the average of two plants for each pot in Microsoft Office Excel and utilized for statistical
analysis. The impact of drought stress on the performance of the cowpea cultivars was assessed
based on the percent reduction for each of the studied traits across treatment levels [32], [33].
This assessment enables the estimation of the extent of reduction in performance for a given
trait using the following formula:

% Reduction (% Red)= performance without stress — performance with stress x 100%

performance without stress

Performance was also assessed under drought stress and normal conditions using a stress
tolerance index (STI) to enable relative comparison of the cultivars under drought stress
conditions. STI of the fifteen cowpea cultivars was calculated based on cultivars means for
morpho-physiological and yield-related traits in 25%, 50% and 75% FC by using the formula
demonstrated by Fernandez, [34];

Stress tolerance index; STI = (Ys)(Yp)

(Yp)?
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Where Ys, Yp and Yp are the performance of cultivars under drought stress, the performance of
cultivars under optimum conditions and the overall mean of cultivars in optimum condition,
respectively.

Data were combined and subjected to statistical analysis of variance using GenStat Release 16.1
(PC/Windows 8) software (www.genstat.kb.vsni.co.uk). Means differences among the cultivars
were observed at P<0.05, whereby Fisher’s unprotected least significant difference test was
performed to separate the differences among the treatment means. Trait-effect by environment
biplot (GGE-biplot) analysis was carried out for seed yield trait to determine the yield response
of cultivars in each of the applied treatments. Pearson’s correlation analysis was performed to
examine the magnitude of the relationships among the studied traits. Corelation coefficients (r)
were separately calculated for each treatment condition and control by using the same
software.

RESULTS AND DISCUSSION

Significant phenotypic variations (P < 0.001) for the studied traits were observed (Table 3)
among cultivars under well-watered and drought stress conditions, suggesting the likelihood
of obtaining an effect at least as large as the one that was observed under the experimental
conditions. That is, the likelihood of the observed effect was caused by some variable other
than the one being studied or by chance. The cultivars x drought interaction was significant for
chlorophyll content, shoot dry weight, number of pods per plant, and seed yield per plant. No
significant effect was found for the interaction of cultivars and drought treatments for plant
height, stem diameter, terminal leaflet length and width, and root dry weight.

Effects of drought stress on the morpho-physiological performance of cowpea cultivars

Generally, the performance of cowpea cultivars under well-watered conditions was better than
under drought-stressed conditions. The imposition of water stress to plants slowed the rate of
growth and influenced morpho-physiological characters like plant height, stem diameter,
chlorophyll content, terminal leaf length and terminal leaf width. Visible effects of drought
stress, which included slow growth, reduction of plant height and unifoliate and trifoliate leaf
wilting, were observed from day 7 of withholding water during the 14 days prior to the
initiation of water treatments (Figure 1). On day 14, other symptoms, including scorching and
unifoliate leaf abscission, were observed in most of the cultivars. In contrast, cultivar TVnu 113
was initially characterized by slow growth in both conditions, which resulted in delayed
depletion of soil moisture in water-stressed pots containing TVnu 113. As a result, this cultivar
delayed the manifestation of drought stress symptoms; however, later, during experiment and
treatment application, the pace of growth continued relative to other cultivars. Following the
initiation of 25%, 50%, 75% field capacity (FC) treatments on the 15% day, recovery of all
parameters was noticed but compared to the well-watered condition, performance was slower
in the water-stressed pots. As anticipated, plant height, stem diameter, chlorophyll content, and
terminal leaflet expansion rate were significantly decreased under water stress compared to
well-watered pots. The reduced performance of the cultivars was more obvious in 25% FC at
the reproductive stage, including increased leaf senescence, abscission, marginal chlorosis of
leaves, flower, and premature pod drop but symptoms decreased with the reduction of soil
moisture stress. On the contrary, the plant height for cultivar TVu 11987 in 25% FC was
severely reduced. However, TVu 11987 and other cultivars including TVnu 113, White Acre and
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LOBIA-I-SEFADE displayed a stay-green phenotype. Mississippi Silver (susceptible check)
displayed more chlorotic leaves in 25% FC compared to other cultivars.

Table 3. Mean squares and significance tests for analysis of variance for nine morpho-
physiological and yield traits of the 15 cowpea cultivars evaluated for drought stress
tolerance under three drought treatment levels and well-watered conditions.

Sov DF PH(cm) St.D(mm) Ch.C(pmolm2) TILL (cm)
Cultivars (Cult.) 14 2,605.2%*%  2.522%** 7773.6%** 16.078***
Drought treatments (DT) 3 7,271.2**  (.951*** 5526.4*** 19.789%**
Cult:DT 42 114.1ns 0.0861ns 504.9** 0.844ns
Residual 118 126.3 0.0881 296.7 1.177
Grand mean 65.52 3.60 237.86 8.78

N DF TLW(m) SDW(g) RDW(g) NP/P SY/P (g/p)
Cultivars (Cult.) 14 9.733%** 8.367**  0.219*** 2.868***  2.585%**
Drought treatments (DT) 3 9.493%xx* 20.494***  2.051**  20.586™** 23.749***
Cult:DT 42 0.5698ns 1.1612**  0.0843ns  1.3445* 0.8724*
Residual 118 0.6217 0.6354 0.0677 0.9070 0.5611
Grand mean 5.76 2.26 0.43 2.20 1.98

SOV, source of variations; DF, degrees of freedom; PH, plant height; St. D, stem diameter; Ch.
C, chlorophyll content; Tl. L, terminal leaflet length; Tl. W, terminal leaflet width; NP/P,
number of pods per plant; SY/P, seed yield per plant; SDW, shoot dry weight; RDW, root dry
weight; *P < 0.05; **P < 0.01; ***P < 0.001: ns, non-significant.

Figure 1. Picture of cowpea cultivars after (a) 7 days without watering in drought treated pots,
(b) 14t day without watering, (c) Scorching and chlorosis of trifoliate leaves as a result of
drought stress on Big Boy in 50% FC, (d) Increasing drought stress impacted plant height and
other traits, (e) Yield components of Mississippi Silver were impacted by increasing drought
stress, (f) Cultivar TVu 11987 (left) displayed stay green phenotype whereas Mississippi Silver
displayed more chlorotic leaves in 25% FC (right).
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Percent reduction in performance for growth traits and chlorophyll content

Percent reduction in performance of plant height

There were variations among cultivars based on the percent reduction (% Red) for plant height
due to drought stress from 25% FC to 100% FC. Plant height was reduced from -2.05 to 48.54%
(Table 4). In 25% FC TVnul13 showed the lowest % Red (13.13%) for plant height while TVu
11987 had the highest (48.54%). Drought stress has been reported to cause significant
reduction of plant height in cowpea [35], [36], which is consistent with the results of the present
study. Cultivars with the lowest reduction of plant height under severe drought stress
conditions can be considered promising drought-tolerant based on plant height trait.

Table 4. Percent reduction in performance of plant height for cowpea cultivars under three
drought stress treatment levels

Mean plant height performance (cm) Percent reduction (%)
Cultivars 25%FC __ 50%FC _ 75%FC_ 100%FC | 25%FC_ 50%FC 75%FC
Mississippi Silver 46.03 54.48 55.36 73.45 37.33 25.83 24.63
Top Pick Brown Crowder 29.73 33.30 36.21 51.97 42.79 35.92 30.33
Top Pick Cream 51.62 56.37 61.14 84.12 38.64 32.99 27.32
Big Boy 51.61 68.15 68.29 86.33 40.22 21.06 20.90
California Blackeye No.5 67.5 65.35 66.75 92.37 26.92 29.25 27.74
Lady 44.37 45.96 70.61 69.19 35.87 33.57 -2.05
Pinkeye Purple Hull BVR  57.69 66.43 72.92 98.36 41.35 32.46 25.86
Black Crowder 55.34 51.57 79.76 93.94 41.09 45.10 15.09
TVu 7362 66.65 70.40 74.66 100.88 33.93 30.21 25.99
TVu 11987 48.38 58.38 64.53 94.02 48.54 3791 31.37
LOBIA-I-SEFADE 60.85 83.62 75.95 94.29 35.47 11.32 19.45
UCR 242 37.05 45.44 48.50 69.14 46.41 34.28 29.85
TVnu 113 85.55 94.34 99.59 98.48 13.13 4.20 -1.13
K929 62.43 70.68 73.10 78.4 20.37 9.85 6.76
White Acre 34.08 36.99 38.65 59.81 43.02 38.15 35.38

Percent reduction in stem diameter performance

The stem diameter of the cultivars was influenced by drought treatment levels (Table 5).
Drought stress reduced stem diameter by -5.12% (K929 in 25% FC) to 19.71% (UCR 242 in
25% FC). K929 showed the least %Red in stem diameter, followed by California Blackeye No.
5, which had 1.79%Red in 25% FC, meaning that these cultivars were more tolerant to drought
stress based on stem diameter. In another study that involved soybean (Glycine max), drought
stress-induced water retention in stem tissues which acts as buffering stock for growth. In turn,
it reduces the distribution of water from the stem to other parts of the plant [37], [38]. The
variation in stem diameter for cowpea cultivars under different drought treatment levels is an
indication that, stem diameter may also be an excellent phenotypic parameter for evaluation of
drought tolerance in cowpea.
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Table 5. Percent reduction in performance of stem diameter for cowpea cultivars under three
drought stress treatment levels

Mean stem diameter performance (mm) Percent reduction (%)
Cultivars 25%FC_ 50%FC  75%FC_ 100%FC [ 25%FC_50%FC _75%FC
Mississippi Silver 3.53 3.46 3.71 3.92 9.95 11.73 0.29
Top Pick Brown Crowder 3.89 4.09 3.75 4.18 6.94 2.15 0.83
Top Pick Cream 3.49 3.40 3.61 3.72 6.18 8.60 0.13
Big Boy 4.01 4.40 4.31 4.42 9.28 0.45 0.13
California Blackeye No.5  3.85 3.75 3.67 3.92 1.79 4.34 0.27
Lady 3.65 3.57 3.61 4.04 9.65 11.63 0.62
Pinkeye Purple Hull BVR  3.44 3.66 3.68 3.93 12.47 6.87 0.25
Black Crowder 3.61 4.04 3.84 3.86 6.48 -4.66 0.02
TVu 7362 3.40 3.55 3.64 3.97 14.36 10.58 0.33
TVu 11987 3.96 3.98 4.02 4.25 6.82 6.35 0.24
LOBIA-I-SEFADE 3.55 3.56 2.85 3.72 4.57 4.30 0.92
UCR 242 3.38 3.59 3.65 4.21 19.71 14.73 0.81
TVnu 113 2.42 2.35 2.50 2.85 15.09 17.54 0.36
K929 2.67 2.66 2.95 2.54 -5.12 -4.72 -0.52
White Acre 3.40 3.33 3.46 3.69 7.86 9.76 0.38

Percent reduction in chlorophyll content

Among cowpea cultivars, reduction in chlorophyll content reduction was lower in TVu 11987,
White Acre, LOBIA-I-SEFADE and TVnu 113. These cultivars displayed stay green phenotypes
under 25% FC drought conditions which enhanced delayed leaf senescence for these cultivars.
Leaf chlorophyll content percent reduction ranged from -16.23% for Top Pick Cream in 75%
FC to 65.16% for LOBIA-I-SEFADE in 75% FC. On the other hand, the average chlorophyll
content for the cultivars ranged from 172.3umolm-2 for TVnu 113 at 50% FC to 293.15umolm-2
for TVu 11987 in 100% FC (Table 6.). Top Pick Cream recorded the lowest %Red (1.92%) for
chlorophyll content in a more drought condition, whereas California Blackeye No.5 had the
highest percent reduction (21.67%) in the same treatment condition. Under well-watered
conditions, the minimum average chlorophyll content was 195.38 pmolm-2for K929, while the
maximum chlorophyll content was 293.15 pmolm-2 for TVu 11987. These results are consistent
with the findings of Sheikh et al., [39]. In other studies, chlorophyll content has been correlated
with drought tolerance in crop plants, therefore, this parameter can be used as selection
criteria, especially in the assessment of the degree of leaf damage under drought stress
conditions [40]. The stay-green trait could have implication on the regulation of plant size, and
hence water demand and utilization by the crop, and the environment that regulates water
supply by the soil [41]. Therefore, the stay-green trait could be considered as an important
selection criterion for cowpea cultivars with the ability to cope with drought stress conditions
as also noted in this study.
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Table 6. Percent reduction in performance of chlorophyll content for cowpea cultivars under
three drought stress treatment levels

Mean chlorophyll content (umolm-2) | Percent reduction (%)
Cultivars 25%FC _ 50%FC_ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 221.62  255.6 24112  259.42 14.57 1.48 24.91
Top Pick Brown Crowder 243.76  234.6 258.83 254.21 4.11 7.70 -8.89
Top Pick Cream 239.2 270.5 257.53  243.88 1.92 -1091  -16.23
Big Boy 224.3 223.7 246.85 263.32 14.80 15.04 19.08
California Blackeye No.5 225.67  250.2 24496  288.09 21.67 13.15 46.69
Lady 229.33 2421 23298 258.50 11.28 6.35 36.88
Pinkeye Purple Hull BVR  242.2 245.0 246.68 270.18 10.36 9.33 23.89
Black Crowder 240.83  257.3 248.53 25136 4.19 -2.36 3.01
TVu 7362 221.18 20838 230.21 235.74 6.18 11.42 5.48
TVu 11987 274.35 274.3 291.69  293.15 6.41 6.44 1.55
LOBIA-I-SEFADE 23848 2229 184.76  246.20 3.14 9.47 65.16
UCR 242 204.4 204.6 20249 244.44 16.38 16.29 60.67
TVnu 113 182.58 1723 189.43  216.75 15.76 20.51 27.74
K929 188.13 178.8 202.29 195.38 3.71 8.48 -8.81
White Acre 257.57 256.1 252,96  289.07 10.90 11.41 60.37

Percent reduction in terminal leaflet expansion rate

The percent terminal leaf length and width reduction, due to water stress, varied from -9.09%
to 24.61% and -13.12% to 28.90%), respectively (Table 7 and 8). Cultivars that had the lowest
%Red for terminal leaf length and width at 25% FC were LOBIA-I-SEFADE (-0.60%), White Acre
(1.75%), and Lady (6.15%) for terminal leaf length and LOBIA-I-SEFADE (-13.12%), Lady
(3.43%) and White Acre (4.04%) for terminal leaf width. Under no stress conditions,
Mississippi silver had the highest average leaf length (11.50 cm), and the lowest average value
for leaf length was found on TVnu 113 (6.56 cm). These results indicate that drought stress
impacted cell division and expansion, causing reduction of terminal leaf length and terminal
leaf width due to smaller and more compact cells and greater specific leaf weight [42]. Also,
Verelst et al,, [43] found that, the reduction of leaf length was not due to reduction in cell
numbers of the drought-stressed leaves of Brachypodium distachyon, but instead, the smaller
length was almost entirely accounted for by a reduced mature cell size. Similar mechanisms
could be accounted for reduction of leaf width observed under the present study.
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Table 7. Percent reduction in performance of terminal leaf length for cowpea cultivars under
drought stress treatment levels

Mean terminal leaf length (cm) Percent reduction (%)

Cultivars 25%FC _ 50%FC_ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 8.67 9.32 10.15 11.50 24.61 18.96 11.74
Top Pick Brown Crowder 8.59 9.35 8.44 10.73 19.94 12.86 21.34
Top Pick Cream 8.80 8.31 8.50 10.15 13.30 18.13 16.26
Big Boy 9.12 9.72 9.61 10.97 16.86 11.39 12.40
California Blackeye No.5 9.44 9.51 8.20 10.81 12.67 12.03 24.14
Lady 8.70 8.82 9.09 9.27 6.15 4.85 1.94
Pinkeye Purple Hull BVR  8.32 8.79 9.41 10.56 21.21 16.76 10.89
Black Crowder 9.21 9.37 9.31 10.59 13.03 11.52 12.09
TVu 7362 8.27 8.87 9.05 10.41 20.56 14.79 13.06
TVu 11987 9.04 8.73 8.13 10.16 11.02 14.07 19.98
LOBIA-I-SEFADE 8.36 7.45 6.51 8.31 -0.60 10.35 21.66
UCR 242 8.29 8.78 8.15 9.85 15.84 10.86 17.26
TVnu 113 5.18 5.59 5.96 6.56 21.04 14.79 9.15
K929 6.32 5.92 7.68 7.04 10.23 15.91 -9.09
White Acre 9.53 8.65 9.00 9.70 1.75 10.82 7.22

Table 8. Percent reduction in performance of terminal leaf width for cowpea cultivars under
three drought stress treatment levels

Mean terminal leaf width (cm) Percent reduction (%)
Cultivars 25%FC _ 50%FC _ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 5.85 6.16 6.71 7.72 24.22 20.21 13.08
Top Pick Brown Crowder 5.59 6.20 5.68 7.29 23.32 14.95 22.09
Top Pick Cream 4.97 4.97 5.13 6.46 23.07 23.07 20.59
Big Boy 6.15 6.73 6.56 7.42 17.12 9.30 11.59
California Blackeye No.5  6.28 6.37 5.87 7.23 13.14 11.89 18.81
Lady 6.20 6.20 5.83 6.42 3.43 3.43 9.19
Pinkeye Purple Hull BVR  4.86 5.38 5.51 6.17 21.23 12.80 10.70
Black Crowder 5.55 6.19 6.01 6.80 18.38 8.97 11.62
TVu 7362 5.77 6.13 6.40 7.65 24.58 19.87 16.34
TVu 11987 6.21 5.75 5.29 6.93 10.39 17.03 23.67
LOBIA-I-SEFADE 6.38 5.13 4.01 5.64 -13.12  9.04 28.90
UCR 242 5.36 6.11 5.66 6.66 19.52 8.26 15.02
TVnu 113 3.15 3.37 3.36 3.63 13.22 7.16 7.44
K929 4.24 3.81 4.84 4.48 5.36 14.96 -8.04
White Acre 5.94 5.48 5.63 6.19 4.04 11.47 9.05

Percent reduction in performance for yield-related traits

Yield-related traits are critical components for increasing cowpea yield. Seed yield increase can
be achieved through the manipulation of yield-related traits such as the pod length, pod
number, and number of seeds per pod[44]. Significant differences in yield components and seed
yield among cultivars under well-watered and in drought stress conditions are shown in Tables
9 and 10. Cultivar LOBIA-I-SEFADE had the highest seed yield across all treatment conditions

402

Services for Science and Education - United Kingdom



Ritte, I. P., Egnin, M., Idehen, O., Mortley, D., Bernard, G. C., Binagwa, P. H., Brown, A. P., & Bonsi, C. K. (2022). Evaluation of Cowpea Morpho-
physiological and Yield Responses to Vegetative and Pre-Anthesis Water-Deficit Stress Tolerance under Greenhouse Conditions. European Journal
of Applied Sciences, 10(2). 391-411.

(Table 10). Drought stress reduced yield component traits and seed yield; however, cultivars
responded differently to stress treatments. The number of pods per plant was reduced by up to
72%. At 25% FC the number of pods per plant for cultivar TVnu 113, Black Crowder, Top Pick
Brown Crowder were reduced by -275.00, 33.33 and 40.00, respectively. These were the top
three cultivars that had a lower reduction in number of pods per plant and were considered the
better drought adapted cultivars. The reduction in the number of pods per plant under drought
stress conditions for most of the cultivars could be associated with abscission of flowers and
young pods as a result of drought stress during the early stages of reproductive growth. In
contrast cultivar TVnu 113 attained the lowest mean number of pods per plant and seed yield
in control conditions (0.8 pods/plant) as compared to when in drought conditions (3.0, 3.5 and
4.5 pods/plant ni 25% FC, 50% FC, and 75% FC respectively). It is probable that, TVnu 113
performs better in average soil moisture conditions and the cultivar might have better water
use efficiency (WUE) under stress conditions when compared to well-watered conditions.
Cultivar LOBIA-I-SEFADE had the highest mean seed yield in high-stress conditions
(2.37g/plant) and showed similar trends across all treatments such as 2.42 g/plant, 2.05
g/plant and 3.23 g/plant in 50 %FC, 75% FC and in 100 % FC, respectively. The better seed
yield stability of LOBIA-I-SEFADE across treatments is of significant concern in regard to
drought stress tolerance. Other cultivars, including susceptible check (Mississippi Silver),
displayed a higher percent reduction for the number of pods and seed yield with increasing soil
moisture stress. Observations of this kind were reported in other studies [30], [45]-[47].

Table 9. Percent reduction in performance of number of pods per plant for cowpea cultivars
under three drought stress treatment levels

Mean number of pods per plant Percent reduction (%)
Cultivars 25%FC _ 50%FC_ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 0.50 1.20 1.80 1.80 72.22 33.33 0.00
Top Pick Brown Crowder 1.80 2.50 2.30 3.00 40.00 16.67 23.33
Top Pick Cream 1.50 2.00 2.80 2.80 46.43 28.57 0.00
Big Boy 1.00 1.80 1.70 2.30 56.52 21.74 26.09
California Blackeye No.5 1.70 2.20 2.30 3.30 48.48 33.33 30.30
Lady 1.20 2.80 3.50 4.30 72.09 34.88 18.60
Pinkeye Purple Hull BVR  1.00 1.30 1.50 2.80 64.29 53.57 46.43
Black Crowder 1.00 1.30 1.70 1.50 33.33 13.33 -13.33
TVu 7362 1.00 1.70 3.20 3.70 72.97 54.05 13.51
TVu 11987 1.20 1.80 2.50 2.50 52.00 28.00 0.00
LOBIA-I-SEFADE 1.30 1.50 2.30 4.00 67.50 62.50 42.50
UCR 242 1.00 1.30 3.70 2.70 62.96 51.85 -37.04
TVnu 113 3.00 3.50 4.50 0.80 -275.00 -337.50 -462.50
K929 1.50 2.20 3.00 2.80 46.43 21.43 -7.14
White Acre 1.30 2.00 2.80 3.50 62.86 42.86 20.00
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Table 10. Percent reduction in performance of seed yield per plant for cowpea cultivars under
three drought stress treatment levels

Mean seed yield (g/plant)

Percent reduction (%)

Cultivars 25%FC  50%FC 75%FC  100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 0.56 2.34 2.64 2.76 79.71 15.22 4.30
Top Pick Brown Crowder 1.09 2.09 2.26 3.08 64.61 32.14 26.60
Top Pick Cream 0.96 1.82 2.57 1.94 50.52 6.19 -32.50
Big Boy 0.59 1.65 2.21 3.69 84.01 55.28 40.10
California Blackeye No.5 1.43 2.02 2.90 3.82 62.57 47.12 24.10
Lady 0.70 1.52 2.33 3.31 78.85 54.08 29.60
Pinkeye Purple Hull BVR  0.94 2.14 2.24 3.72 74.73 42.47 39.80
Black Crowder 0.82 1.25 2.25 1.29 36.43 3.10 -74.40
TVu 7362 0.50 1.16 2.89 2.53 80.24 54.15 -14.20
TVu 11987 1.34 2.17 2.62 3.15 57.46 31.11 16.80
LOBIA-I-SEFADE 2.37 242 2.05 3.23 26.63 25.08 36.50
UCR 242 0.87 1.70 2.59 2.65 67.17 35.85 2.30
TVnu 113 0.83 0.82 1.03 0.03 -2666.67 -2633.33  -3333.3
K929 1.18 2.13 2.98 1.75 32.57 -21.71 -70.30
White Acre 1.33 2.01 2.82 2.95 54.92 31.86 4.40

Based on the seed yield attribute, the ranking of the average performance of cultivars in each
treatment by GGE biplot analysis (Figure 2) enabled the identification of cultivars with greater
yield stability under drought stress conditions. The blue vectors in Figure 1 denote the
treatments and well-watered conditions applied in the experiments (25% FC, 50% FC, 75% FC,
and 100% FC). Cultivars with like performance tend to group together for each of the
conditions, while the ones close to vectors origin are classified to have average performance.
Hence, in that regard, cultivars LOBIA-I-SEFADE, TVu 11987, White Acre and Top Pick Brown
Crowder were clustered in 25% FC condition, meaning that these cultivars had high
performance and stability for seed yield trait under the environment of high soil moisture stress

(25% FC).
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Figure 2: GGE biplot showing cultivar main effect and cultivar by drought stress treatments
interaction for seed yield. The cowpea cultivars are MS, Mississippi silver; TPBC, Top Pick
Brown Crowder; TPC, Top Pick Cream; BBY, Big Boy; CBE5, California Blackeye #5; LDY, Lady;
PEPH, Pinkeye Purple Hull; BLKC, Black Crowder; TVu.62, TVu7362; TVu.87, TVu11987; LOBIA,
Lobia-I-Sefade; UCR.42, UCR242; TVnu.13, TVnu113; K929 and WHTA, White Acre.

Ahmed & Suliman, [44] indicated that the final cowpea yield is dependent upon the number of
pods per plant, the number of grains per pod and the extent to which grains are filled. Tolerant
cultivars tend to accumulate high total biomass and pod yield as compared to susceptible
cultivars [48]. Our results indicate that cultivar TVnu 113 had an exceptional low reduction of
the shoot and root biomass (-47.95%) under drought conditions. Other cultivars displaying
reduced percent reduction for biomass in high soil moisture stress were Mississippi Silver
(40.35%), and Lady (47.52% and 8.51% respectively) (Tables 11 and 12). The highest
reduction was found in K929 with 71.77%. Generally, the percent reduction for biomass traits
increased with increasing moisture stress. However, some cultivars exhibited low reduction for
the shoot and root biomass at high-stress conditions. Other studies suggest that increased root
biomass under drought conditions may be an indication of increased plant ability to maintain
its water content in water stress conditions [20], [21]. In that regard, cultivars with a low
percent reduction for these traits indicates their ability to accumulate high plant biomass under
drought conditions, and they may be considered drought-tolerant cultivars.
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Table 11. Percent reduction in performance of shoot dry weight for cowpea cultivars under

three drought stress treatment levels

Mean shoot dry weight (g)

Percent reduction (%)

Cultivars 25%FC _ 50%FC _ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 1.70 1.40 2.17 2.85 40.35 50.88 23.86
Top Pick Brown Crowder 1.07 1.35 1.77 2.23 52.02 39.46 20.63
Top Pick Cream 0.88 1.03 1.63 2.15 59.07 52.09 24.19
Big Boy 1.27 2.27 2.65 3.48 63.51 34.77 23.85
California Blackeye No.5  0.78 1.75 1.47 2.30 66.09 2391 36.09
Lady 1.80 2.02 2.78 343 47.52 41.11 18.95
Pinkeye Purple Hull BVR  1.33 1.52 1.92 2.85 53.33 46.67 32.63
Black Crowder 1.63 3.20 3.32 3.58 54.47 10.61 7.26
TVu 7362 1.23 1.95 1.63 4.15 70.36 53.01 60.72
TVu 11987 1.72 2.73 3.22 4.42 61.09 38.24 27.15
LOBIA-I-SEFADE 1.18 1.77 1.73 3.27 63.91 45.87 47.09
UCR 242 1.03 1.45 3.48 3.48 70.40 58.33 0.00
TVnu 113 4.32 5.97 5.62 2.92 -4795  -104.45 -92.47
K929 0.70 1.50 1.68 2.48 71.77 39.52 32.26
White Acre 1.18 1.33 1.72 2.40 50.83 44.58 28.33

Table 12. Percent reduction in performance of root dry weight for cowpea cultivars under

three drought stress treatment levels

Mean root dry weight (g) Percent reduction (%)
Cultivars 25%FC _ 50%FC _ 75%FC_ 100%FC | 25%FC  50%FC 75%FC
Mississippi Silver 0.25 0.25 0.52 0.78 67.95 67.95 33.33
Top Pick Brown Crowder 0.25 0.25 0.28 0.47 46.81 46.81 40.43
Top Pick Cream 0.17 0.33 0.37 0.77 77.92 57.14 51.95
Big Boy 0.12 0.32 0.38 0.75 84.00 57.33 49.33
California Blackeye No.5  0.17 0.23 0.23 0.32 46.88 28.13 28.13
Lady 0.27 0.23 0.50 0.50 46.00 54.00 0.00
Pinkeye Purple Hull BVR  0.13 0.35 0.23 0.53 75.47 33.96 56.60
Black Crowder 0.13 0.47 0.77 1.20 89.17 60.83 35.83
TVu 7362 0.15 0.28 0.28 1.02 85.29 72.55 72.55
TVu 11987 0.27 0.53 0.92 1.05 74.29 49.52 12.38
LOBIA-I-SEFADE 0.47 0.30 0.40 1.23 61.79 75.61 67.48
UCR 242 0.20 0.28 0.28 0.87 77.01 67.82 67.82
TVnu 113 0.43 0.68 0.70 0.47 8.51 -44.68  -48.94
K929 0.22 0.20 0.32 0.40 45.00 50.00 20.00
White Acre 0.27 0.32 0.38 0.57 52.63 43.86 33.33

Stress tolerance indices

Stress tolerance index (STI) is used to identify genotypes that can produce high yield both
under stress and optimum conditions [34]. The STI procedure has successfully been applied in
the identification and selection of cowpea genotypes with a high level of tolerance to drought
[36]. In this study, the performance for each trait and cultivar was assessed at 25% FC, 50% FC,
75% FC and under normal conditions and averages were calculated, followed by the
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determination of grand mean. Cultivars with average STI above the grand mean of STI were
considered drought tolerant. Stress tolerance indices of the fifteen cowpea cultivars in 25% FC
are presented in Table 13. Based on STI in 25% FC, cultivars TVu 11987, LOBIA-I-SEFADE, and
TVu 7362 were identified as drought tolerant along with confirmed tolerant cultivars California
Blackeye No.5, Big Boy, and Lady. These cultivars attained mean STI values greater than the
grand mean value of STI (0.66) (Table 13). In contrast, other cultivars were categorized as
moderately or sensitive to drought. K929 had the least mean STI value (0.43), indicating high
sensitivity to drought stress. However, the remaining cultivars were either moderately
susceptible or susceptible to drought stress. These results correspond to the findings of Ajayi
et al., [36]. Generally, drought-tolerant cultivars exhibited different stress-coping strategies of
low water requirements growth performance to yield reduction. Overall, the phenotypic
performance recorded as drought-tolerant characteristics may be recommended as potential
screening factors for donor cultivar traits in cowpea breeding programs.

Table 13. Stress tolerance indices (STI) based on growth and yield characteristics in 25%

Stress tolerance indices

Cultivars SDW RDW NP/P SY/P PH St.D Ch.C TLL TLW Av Status
Mississippi Silver 052 037 011 022 049 095 0389 1.04 1.09 0.63 S
Top Pick Brown 0.25 0.22 068 047 022 112 096 097 098 0.65 MS
Top Pick Cream 020 025 053 026 063 089 090 094 0.77 0.60 S
Big Boy 047 017 029 031 065 1.22 092 1.05 110 0.69 T
California Blackeye No.5 0.19 0.10 0.71 0.77 091 1.04 1.01 1.07 1.09 0.77 T
Lady 066 025 065 033 045 1.02 092 084 096 0.68 T
Pinkeye Purple HullBVR 040 0.13 036 049 082 093 1.01 092 0.72 0.64 S
Black Crowder 062 029 019 015 075 096 094 1.02 091 0.65 MS
TVu 7362 054 029 047 018 098 093 081 090 1.06 0.68 T
TVu 11987 081 054 038 060 066 116 125 096 1.04 0.82 T
LOBIA-I-SEFADE 041 1.09 066 1.08 083 091 091 0.73 087 083 T
UCR 242 038 033 034 033 037 098 0.77 086 086 0.58 S
TVnu 113 134 038 030 0.00 122 048 0.61 036 0.28 0.55 S
K929 0.18 0.17 053 029 0.71 047 057 047 046 043 S
White Acre 030 029 058 055 030 086 115 097 0.88 0.65 MS
Grand mean STI 0.66

SDW.,, dry weight of the shoot; RDW, root dry weight; NP/P, number of pods per plant; SY/P,

seed yield per plant; PH, Plant height; St. D, stem diameter; Ch. C, chlorophyll content; Tl. L,

terminal leaf length; T1. W, terminal leaf width; Av, Average; MS, moderately susceptible; S,
susceptible to drought; T, tolerant to drought.

Correlation analysis

A positive and significant correlation was observed between NP/P and SY/P under both stress
and well-watered conditions with coefficients of 0.484™" and 0.705™, respectively (Table 14).
Hence, this is an indication that number of pods can serve as an important criterion for the
selection of cowpea cultivars with high yield potential in both drought and well-watered
conditions. These results are consistent with prior reports [44], which mean that selecting
cowpea cultivars with high pod productivity under drought stress conditions will potentially
contribute to increased seed yield. Furthermore, highly significant (P < 0.001), and positive
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associations were found among other traits, including Ch. C and St. D, Tl. L and T1. W in 25% FC.
In 100% FC conditions, significant associations were also revealed between Ch. C. and St. D, Tl.
L and Tl. W and SY/P. The positive direct effects of Tl. L and Tl. W. might be associated with
increasing leaf sizes and Ch. C. of the leaves. Wider leaves mean more leaf surface area to
capture light for photosynthesis, which can contribute to more pods produced and final seed
yield. However, reduced leaf sizes may serve as an avoidance mechanism utilized by the plants
to protect themselves from the effect of water stress [49], [50]. PH and SDW showed positive
and significant association in both 25% FC and 100% FC. In 25% FC RDW was positive and
significantly associated with SY/P, but it was not significant under 100% FC, while a positive
and significant relationship existed between RDW and SDW in both 25% FC and in 100% FC.
St. D, TL. L and TL. W were positive and significantly associated with SY/P in 100% FC, but they
were not significant in 25% FC. This is an indication that these parameters cannot be relied on
for the selection of cowpea cultivar with better yield potential in drought conditions.

Table 14. Pearson Correlation coefficients (r) showing the relationship among traits in 100%
FC (above diagonal) and 25% FC (below diagonal)

Ch. C NP/P PH RDW SYy/p SDw St.D TLL TL W
Ch.C - 0.269 0.034 0.071 0.535" 0.143 0.656™ 0.627™ 0.563"
NP/P -0.065 - 0.089 0.066 0.705 0.160 0.339 0.238 0.296
PH -0.321 0401 - 0.289 0.055 0.478™ 0.127 0.201 0.128
RDW 0.028 0.429 0.357 - 0.080 0.589™ 0.257 0.171 0.214
SY/p 0.318 0.484™ 0.186 0.516™ - 0.211 0.637* 0.548™ 0.566™
SDW  -0.167 0.462 0.529™ 0.539™ -0.042 - 0.470 0.303 0.379
st.D 0.656™ -0.081 -0.276 -0.005 0.230 -0.243 - 0.807~ 0.824™
TLL 0.618™ -0.100 -0.266 0.011 0.319 -0.294 0.826™ - 0.942

TLW 0.527* -0.100 -0.167 0.201 0.423 -0.252 0.800"* 0.903** -
Ch. C, chlorophyll content; NP/P, number of pods per plant; PH, Plant height; RDW, root dry
weight; SY/P, seed yield per plant; SDW, dry weight of the shoot; St. D, stem diameter; TI. L,
terminal leaf length; T1. W, terminal leaf width

CONCLUSION
Fifteen cowpea cultivars were evaluated under well-watered and drought-stress conditions in
greenhouse pot experiments with the aim of understanding morpho-physiological response
mechanisms of known drought-tolerant cultivars under water-deficit stress. This is critical to
identifying and establishing representative growth and yield-related traits needed for breeding
climate-hardy cowpeas. The analysis of variance revealed significant variations for the studied
morpho-physiological traits that included PH, St. D, Ch. C, Tl. L, and T1. W. Others were yield-
related traits, including the NP/P, SY/P, SDW and RDW. Increasing drought stress resulted in a
significant percent reduction for most of the studied traits compared to plants that were
subjected to well-watered conditions. Cowpea cultivars that exhibited the lowest percent
reduction for the measured trait under high soil moisture stress conditions were considered
promising drought-tolerant cultivars. According to our findings, cultivars TVu 11987, LOBIA-I-
SEFADE, and TVu 7362 were identified as drought tolerant along with confirmed tolerant
cultivars California Blackeye No.5, Big Boy, and Lady. Of all the tested parameters, seed
production is most likely warranted by cowpea producers as cultivar LOBIA-I-SEFADE, showed
the highest weight of seeds produced at 25% FC. Drought tolerant cultivars exhibited different
stress-coping strategies of low water requirements, growth performance to yield reduction.
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Overall, the phenotypic performance recorded as drought-tolerant characteristics may be
recommended as potential screening factors for donor cultivar traits in cowpea breeding
programs.
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