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Abstract 
A study was carried on to assess the level of drought 
stress effect on the morphological and physiological 
traits of cowpea in drought threaten region Botswana. 
The results disclose that the twenty cowpea genotypes 
under studied growth parameters (plant height, leave 
area, biomass, relative water content, gaseous exchange, 
chlorophyll content, and dry matter content) were 

drastically reduced. The result prove that biomass mean 
production (BMP) classified the 20 cowpea genotypes 
as: BCA001 and BCA003 (highly tolerant); BCA002, 
BCA006, BCA009, BCA016, BCA011 and BCA019 
(drought tolerant); BCA004, BCA015 and BCA017 
(moderate tolerant); BCA020, BCA014, BCA013, 
BCA012, BCA007, BCA008, BCA010, BCA005 & 
BCA013 (sensitive). Relationship between BMP and gas 
exchanges [net photosynthesis (R2 = 0.0345), stomata 
conductance (R2 = 0.040), transpiration (R2 = 0.006)] 
was rather poor, thereby showing that the variability of 
cowpea genotypes for drought tolerance based on BMP 
index is the differences in gaseous exchange. This 
research concludes that Using biomass yield under well 
water (BYp) and drought stress conditions (BYs), Mean 
Biomass Production (BMP) is the most suitable index for 
drought tolerance selection while plant physiological 
parameters (chlorophyll content and gaseous exchange) 
was not feasible  for classification of drought stress 
tolerant.  
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1. Introduction 
 
Cowpea [Vigna unguiculata (L.) Walp.] is a major 
economically important crop in tropical and 
subtropical regions of sub-Saharan Africa, where it 
is grown for its foliage and fresh and dry grain. 
Outside Africa, cowpea is grown in parts of Asia, 
Latin America, the south-eastern United States, and 
California (FAO, 2012). Cowpea is one of the 
ancient grain legume crops cultivated in semiarid 
regions, where rainfall resources are 
characteristically low (300-600 mm) (Fussell et al., 
1991). Crops such as cowpea and many others are 
exposed to the ravages of drought in various ways  
 

 
 
 
 
and to different extents. Regrettably, global climate 
change in many parts of the developing world 
brings about shortage of water as a result of 
changes in rainfall patterns and the demand for 
water for cowpea productivity which is created due 
to the rising temperatures that exacerbate the 
problem of water deficit. Despite the inherent 
capacity of cowpea to survive drought stress, there 
is still significant differences that exist among 
cowpea genotypes for drought tolerance (Mai-
Kodomi et al., 1999a; Pungulani et al., 2012).   
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Drought, also known as water deficit, can be 
defined as insufficient moisture required by a plant 
to grow and complete its life cycle. Insufficient 
moisture can be the consequence of a shortage in 
rainfall, coarse textured soils that retain little water 
in the root zone, or drying winds (Swindale and 
Bidinger, 1981). Drought stress is one of the 
factors that most strongly limit the natural 
distribution of plant species, and their growth and 
productivity worldwide (Tuberosa and Salvi, 
2006). Water deficit affects all aspects related to 
the plant development, including anatomical, 
morphological, and physiological and biochemical. 
The losses can be directly related to its duration, 
severity and stage of crop development.  
 
In plant stress physiology, drought tolerance is 
noted as a component of drought resistance, where 
resistance refers to a combination of both 
avoidance and tolerance (Blum, 2005). According 
to Ntombela (2012) and Watanable et al. (2012), 
drought tolerance (DT) is defined as the ability of a 
plant to live, propagate, and reproduce pleasingly 
with inadequate water supply, or under intermittent 
conditions of water deficit. The mechanisms of 
drought tolerance includes: maintenance of turgor 
through osmotic adjustment, increased cell 
elasticity; decreased cell size; desiccation tolerance 
by protoplasmic resistance and increased 
antioxidant capacity (Ntombela, 2012).   
 
On the other hand, drought avoidance (DA) is one 
of the techniques plants use to response to drought 
stress which allows the cowpea genotypes to 
complete their life cycle without severe water 
deficit effects (Ntombela, 2012; Tuberosa, 2012). 
This is attributed to the morphological 
development that enables plant to access water or 
reduces loss during stress. Reduced leaf area, 
deeper roots, and high root: shoot ratio account for 
drought avoidance in most plant species (Hall, 
1993). There is also a genetic basis for drought 
tolerance in plants in that the activation of genes 
and transmission are involved in the genetic make-
up of drought tolerant plants (Shinozaki and 
Yamaguchi-Shinozaki, 2007). These genes include 
those that govern  the accumulation of compatible 
solutes, passive transport across membranes, 
energy-requiring water transport systems, 
protection and stabilization of cell structures from 
desiccation and reactive oxygen species (ROS) 
(Shinozaki and Yamaguchi-Shinozaki, 2007).   
 
In Botswana, southern Africa, it has been predicted 
that there will be an increase in temperature of 2-
5oC, with  the region becoming drier as a result of 
climate change which will bring about water deficit 
in crop production, thereby making it unsuitable for 
plant growth and development. Such tendency will 
melt down food insecurity thereby increasing 

poverty (Scholes and Biggs, 2004; Van Jaarsveld et 
al. 2005). This trigger the need to identify and 
improve drought tolerance crops such as cowpea to 
be recommended for production under drought 
stress prone regions.  
 
In cowpea and other plants, drought tolerance 
morpho-physiological traits, which are genetically 
controlled, have been determined.  These traits 
include water use efficiency (WUE), relative 
turgidity, osmotic adjustment, leaf gas exchange, 
relative water content (RWC), diffusion pressure 
deficit and chlorophyll stability index (Hall et al., 
1990; Morgan et al., 1991; Souza et al., 2003; 
Anyia and Herzog, 2004; Ntombela, 2012). 
However, the traits to be considered as potential 
selection targets for improving yield under water-
limited conditions must be genetically correlated 
with yield, and should have a greater heritability 
than yield itself (Blum, 2005). Measurement of the 
target trait should also be rapid, accurate, and in-
expensive (Tuberosa, 2012).  
 
In the past, researchers have proposed two 
approaches for screening and breeding for drought 
tolerance in plants. The first is the empirical or 
performance approach that utilizes grain yield and 
its components as the criteria, since yield is the 
integral expression of the entire array of traits 
related to productivity under stress (Cisse et al., 
1997; Matsui and Singh, 2003). These empirical 
approaches are slow, laborious and expensive 
because of the need to assess large populations 
across many locations. Using a shallow soil layer in 
boxes, a screening technique for drought tolerance 
in cowpea at the seedling stage has been developed 
(Singh et al., 1999; Matsui and Singh, 2003). This 
technique identified significant number of drought 
tolerant genotypes in studies involving cowpea and 
other crops (Singh et al., 1999; Agbicodo et al., 
2009; Hall et al., 2004).  Based on the effect of 
drought in  the farming system in Botswana, and 
the trend of drought stress in the world; the 
objective of this study is to access cowpea 
genotypes based on morphological and 
physiological parameters in response to drought 
stress during vegetative stage and its traits that 
contributes to cowpea’s tolerant, and its 
classification under drought stress. 
 
Objectives of the Research   
 
I.  To identify drought tolerant cowpea genotypes 
based on index selection under well-water and 
drought stress conditions.  
II. To assess the effect of drought stress on the 
growth parameters of cowpea genotypes under 
green house conditions.  
III. To evaluate the possibility of using 
physiological traits (chlorophyll and gaseous 
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exchanges) select for the drought tolerance cowpea 
genotypes.  
 
Justification of the Research  
 
Drought negatively impacts food security and the 
availability of food to meet the growing population 
of the world especially Africa. This has resulted in 
poverty, malnutrition, and degradation of the 
ecosystem.  Therefore, there was an urgent need to 
identify and improve a crop like cowpea for 
drought tolerance in order to respond to this major 
threat to agriculture production, which will aid in 
food security and human existence in Africa.   
Crop (cowpea) improvement programs have been 
established in many countries Southern Africa to 
response to drought stress but Botswana is still far 
in such initiative, which is posing severe threat to 
cowpea production and utilization.  Moreover, the 
classification of cowpea genotypes within cowpea 
accessions in Botswana, with greater tolerance 
ability will enable plant breeders to develop 
suitable cultivars that will suit and respond to the 
drought prone region and the increasing climate 
change (drought) pattern accordingly. Furthermore, 
since more drought stress researched have been 
done on cowpea drought screening at the seedling 
and reproductive stages, it was necessary and 
paramount for this study to focus on the vegetative 
stage since it was noted by Ntombela (2012) that 
cowpea vegetative stage is sensitive to drought 
stress.        
 
2.  Materials and Methods  
 
Two experiments were conducted in a greenhouse 
situated on the research farm of the Botswana 
College of Agriculture. Day and night temperatures 
in the greenhouse averaged about 24/19 oC and 
60% relative humidity (RH) during the first 
experiment, and 21/17 oC (day/night temperature) 
and 57% (RH) during the second. The experiments 
were conducted in 2014 and 2015, respectively. 
Both experiments were arranged in a completely 
randomized block design, replicated four times, 
and involved two irrigation treatments (well 
watered and water stressed) and 20 or 8 genotypes 
of cowpea (Table 1). The first experiment was 
designed to determine drought tolerance of 20 
cowpea genotypes, while the focus of the second 
was to identify morpho-physiological traits 
associated with drought tolerance of cowpea, using 
eight of the 20 genotypes selected on the basis of 
their performance during the first trial. Of the eight, 
two were highly drought tolerant (HDT), three 
drought tolerant (DT), two moderately drought 
tolerant and one drought sensitive (DT). Seeds 
were obtained from Farmers and Traders, Seed 
Multiplication Unit Ministry of Agriculture, 
National Plant Genetic Resources Centre 

(NPGRC). Seeds were sown at a depth of 4 cm. A 
mixture of soils, containing 60% river sand, 30% 
sandy loam and 10% compost, were used for the 
experiments. Drought stress was applied for 12 
days after the first trifoliate leaf had fully 
expanded.    
 
Table 1: Description of the cowpea genotypes used in 
this study   

ID No Genotype Source 

BCA001* Blackeye* BCA See  Bank 
BCA002* Speckled grey* Hukuntsi 
BCA003* Makoro* Makoro 
BCA004* Speckled brown* Tshane 
BCA005 B 212 NPGRC-DAR 
BCA006* B069 E* NPGRC-DAR 
BCA007 B079-C NPGRC-DAR 
BCA008 B020-A NPGRC-DAR 
BCA009 Tswana brown Hukuntsi 
BCA010 B 505A NPGRC-DAR 
BCA011* B 500* NPGRC-DAR 
BCA012 B111-B NPGRC-DAR 
BCA013 Tswana red Hukuntsi 
BCA014 E 129 NPGRC-DAR 
BCA015 E 129 (2) NPGRC-DAR 
BCA016 Speckled brown Lecheng 
BCA017* Tswana cream* Hukuntsi 
BCA018 Bo11-A 7 NPGRC-DAR 
BCA019* Speckled grey* Lecheng 
BCA020 E7 NPGRC-DAR 

 *Genotypes used for the second experiment 
 
Experiment 2.1: Determination of drought 
tolerance in different genotypes of cowpea  
Plants for the first experiment were planted in 
wooden boxes, with 5 cm in row and 10 cm 
between rows, each row containing 8 plants per 
genotype. The screening boxes were 12 cm deep of 
85 cm wide and 117 cm long. Drought stress was 
applied for 12 days, beginning at 14 days after 
emergence and up to 26 days. Data collected were 
plant height (PH), leaf chlorophyll content (LCC), 
and biomass yield. Soil moisture content was also 
measured on every other day, using the MpKit 
portable soil moisture sensor kit (ICT International, 
Armidale, New South Wales, Australia), to 
determine the level of moisture in each irrigation 
treatment.  
Plant height was measured 26 days after 
emergence, at the end of the water stress treatment. 
The length of the shoot, beginning from the surface 
of the soil to the tip of the longest leaf was 
measured with a ruler and considered as plant 
height. Leaf chlorophyll content was monitored 
during the dry-down period, using a hand-held 
SPAD 502 Plus chlorophyll meter (Spectrum 
Technologies INC, Aurora, IL). Measurements 
were taken on the fully expanded terminal leaflet. 
The chlorophyll content was also monitored on a 
daily basis immediately after soil moisture content 
was measured to establish chlorophyll loss over 
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time. Biomass yield was determined by harvesting 
plants at the end of the water stress treatment and 
weighing with a balance after oven drying for 48 
hours at 105.8 oC.  
The biomass yield under well-watered conditions 
(BYp) and biomass yield under water-stressed 
conditions (BYs) were used to calculate the 
following: biomass stress susceptibility index 
(BSSI), biomass relative drought index (BRDI), 
Biomass Drought Resistance Index (BDRI), 

biomass stress tolerance index (BSTI), tolerance 
(TOL), biomass mean production (BMP), and 
biomass yield reduction percentage (BYR%) were 
computed according to the formula listed in Table 
2. These indices were used to identify highly 
drought tolerant genotypes (HDT), drought tolerant 
genotypes (DT), moderately drought tolerant 
genotypes (MDT) and drought sensitive genotypes 
(ST). 
 

 
Table 2: Drought tolerance indices and stress susceptibility index. 

     No.  Index        Calculation  Reference 
      1  Biomass Stress Susceptibility Index (BSSI) 1 � �BYs/BYp	

1 � �
Ȳ�/ 
Ȳ
 

 Naghavi et al., 2013 

      2  Biomass Relative Drought Index (BRDI) �BYs/BYp	
�BȲs/BȲp	

 
 Naghavi et al., 2013 

      3  Biomass Stress Tolerance Index (BSTI) �BYs � BYp	

�BȲs��
 

 Nazari and Pakniyat, 2010 

     4  Tolerance (TOL)        BYp – BYs  Nazari and Pakniyat, 2010 
     5  Biomass Mean Production ( BMP)  BYs+BYp)/2  Darabad, 2014 
     6  Biomass Drought Resistance Index ( BDRI)  BYs×(Bys/BYp) 
Ȳ�  Farshadfar et al., 2013 
     7  Biomass Yield Reduction percent (BYR%) [  BYp – Bys]/ [BYp)] x 100  Farshadfar et al., 2013 
BYp = biomass yield under well watered 
conditions, BYs = biomass yield under drought 
stress    conditions, BȲp=biomas yield mean under 
well watered conditions, BȲs=biomass yield mean 
under drought stress conditions. 
 
The statistical software package SPSS version21 
(IBM Statistics) was used to construct a three-
dimensional plot and to analyze simple correlation 
from the BMP data, in order to determine the 
various categories of drought tolerance of the 
genotypes. Data on above ground biomass yield 
under well watered conditions (Byp) and drought 
stress (Bys), and the mean biomass yield (BMP) 
were also subjected to cluster analysis to determine 
drought tolerance levels of the genotypes. 
 
Plants for experiment two were established in 
polythene bags (20cm×15cm), filled with similar 
soil used in experiment one. Drought stress was 
imposed at vegetable stage, and maintained for 12 
days. Soil moisture status at 15 cm depth was 
logged every other day, using the MpKit portable 
soil moisture sensor kit (ICT International, 
Armidale, New South Wales, Australia), following 
the manufacturer’s protocols. 
Plant water status was determined by computing 
relative water content (RWC) of the leaves. The 
fully expanded leaf of each plant sample was 
excised, the fresh weight (FW) measured, and 
immersed in distilled water for 24 h, after which 
the turgid weight (TW) was measured. The samples 
were then oven dried at 82 oC for 24 h and 
weighed to determine the dry weight (DW). 
Relative water content was calculated according to 
the formula: 
RWC (%) = [(FW-DW) / TW- DW)] × 100, 

Where  
            FW = Fresh weigh 
            TW = Turgid weight 
            DW = Dry weight 
 
Leaf gas exchange was measured with a portable 
LiCOR 6400 XT photosynthesis system (LICOR, 
Lincoln, NE), according to the manufacturer’s 
protocols. The full-leaflet of each cowpea genotype 
was used for non-destructive gaseous exchange 
measurements. Data output from gaseous exchange 
measurements were photosynthesis, transpiration 
and stomatal conductance.  
 
After gaseous exchange measurement, whole plants 
were harvested, leaves separated from the stems 
and roots, and oven dried at 82 oC for 48 h. The 
root: shoot ratios were calculated as the quotient of 
dry matter of the roots and dry matter of the shoots.  
 
Data collected were subjected to the general linear 
models (Pro GLM) procedure of the Statistical 
Analysis System (SAS) program package analyses. 
Multiple comparisons among means were done 
using least significant difference (LSD) at P �0.05 
 
3. Results and Discussion 
 
3.1 Moisture stress effects 
The results presented show that drought stress 
affected soil moisture content at a ranged of 0.30-
2.5% volumetric ( Figure1),and  plant performance 
of the  20 genotypes in terms of plant height 
(Figure 2a & 2b), leaf area (Figure 3a &3b) and 
chlorophyll content (Figure 4a & 4b). Variations in 
these parameters were; 48.67 � 59.20 % (plant 
height), 11.3 – 51.4% (leaf area) and 1.42 – 
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25.48% (chlorophyll content). However, the result 
of plant performance could not be used at this level 
to clearly identify differences in drought tolerance. 
For this reason, plant biomass under well watered 
and drought stressed conditions was used to 
identify a suitable index for identification of 
drought tolerant genotypes. 
 
Figure 1: Effect of irrigation withdrawal on soil 
moisture content. Error bar represents standard error of 
the means of 4 replicates. 

 
Figure 2a: Effect of drought stress on plant height (cm) 
of 20 cowpea genotypes. Error bar represents standard 
error of the means of 4 replicates. 

 
Figure 2b: Percentage reduction in plant height due to 
drought stress. Error bar represents standard error of the 
means of 4 replicates 
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25.48% (chlorophyll content). However, the result 
of plant performance could not be used at this level 
to clearly identify differences in drought tolerance. 
For this reason, plant biomass under well watered 

nditions was used to 
identify a suitable index for identification of 

Effect of irrigation withdrawal on soil 
moisture content. Error bar represents standard error of 

 

Effect of drought stress on plant height (cm) 
of 20 cowpea genotypes. Error bar represents standard 

 

Percentage reduction in plant height due to 
drought stress. Error bar represents standard error of the 

 

Figure 3a: Effect of drought stress on leaf area and their 
percentage reduction. Error bar represents standard error 
of the means of 4 replicates 

 
Figure 3b: Effect of drought stress on cowpea genotypes 
percentage reduction. 

 
Figure 4a: Effect of drought stress on leaf chlorophyll 
content of 20 cowpea genotypes grown under well
watered or drought-stressed conditions. Error bars 
represent standard deviation of the means of 4 replicates.
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Effect of drought stress on leaf area and their 
percentage reduction. Error bar represents standard error 

 

Effect of drought stress on cowpea genotypes 

 

Effect of drought stress on leaf chlorophyll 
content of 20 cowpea genotypes grown under well-

stressed conditions. Error bars 
represent standard deviation of the means of 4 replicates. 
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Figure 4b: Percentage reduction in leaf chlorophyll 
content of 20 cowpea genotypes due to drought stress 
imposed during the vegetative growth stage. Error bars 
represent standard error of the means of 4 replicates 

 
 
3.2 The most suitable index and its application in 
identifying drought tolerance   
The study was undertaken to determine the most 
suitable index using the 20 cowpea genotypes and 
indices in the methodology (Table 1 & 2). Biomass 
yield under both well watered (BYp) and drought 
stress (BYs) was measured in Table 3 in order to 
use it to calculate the various indices, furthermore  
 

to determine the most suitable index for drought 
tolerant classification. Correlations analysis of this 
was done on TOL, BMP, BSTI, BRDI, BSSI, 
BDRI, and % BYR. The highest positive 
correlation was observed between BYp and BMP 
(0.98) and TOL (0.97), while for BYs, the 
correlation was between BMP (0.66) presented in 
Table 4. Further, the TOL was positively correlated 
with BYp (0.97) and its correlation with BYs 
(0.28) was not significant. A suitable index should 
have a significant correlation with yield under both 
well watered condition (BYp) drought stress 
conditions (BYs) (Naghavi et al., 2013). For the 
above reason, BMP was selected for further 
analysis of drought tolerance and classification 
shown in figure 5. The results further showed that 
there was genetic diversity between the genotypes 
for BYp, BYs and BMP, which ranges from 1.891- 
8.098g (for BYp), 1.030 - 2.725g (for BYs) and 
2.057 to 5.194g as classified in Figure 6 that 
indicates the cowpea genotypes to be highly 
tolerant, tolerant, modern tolerant, sensitive and 
high sensitive. 
 
 

Table 3: Tolerance indices of cowpea genotypes under stress and non-stress conditions in a greenhouse 
Genotypes BYp BYs TOL BMP BSTI BRDI BSSI BDRI BYR% 
BCA001 8.098 2.290 5.808 5.194 16.086 0.750 0.546 3.016 63.72 
BCA002 6.664 2.434 4.230 4.549 5.844 0.750 0.288 1.096 51.94 
BCA003 7.718 2.725 4.993 5.222 5.649 0.750 0.333 1.059 54.50 
 BCA004 4.823 1.672 3.151 3.248 5.547 0.750 0.355 1.040 55.28 
BCA005 1.891 2.223 -0.332 2.057 18.809 0.750 3.072 3.527 -33.74 
BCA006 6.549 1.867 4.682 4.208 4.561 0.750 0.540 0.855 60.21 
BCA007 4.446 1.030 3.416 2.738 3.707 0.750 0.665 0.695 62.66 
BCA008 2.224 2.236 -0.012 2.230 4.525 0.750 3.952 0.848 -33.32 
BCA009 5.530 2.528 3.002 4.029 7.314 0.750 -0.171 1.371 50.52 
BCA010 2.814 1.305 1.509 2.060 7.420 0.750 -0.215 1.391 33.69 
BCA011 4.185 1.641 2.544 2.913 6.274 0.750 0.178 1.176 49.58 
BCA012 3.860 1.529 2.331 2.695 6.338 0.750 0.161 1.188 47.15 
BCA013 3.952 1.659 2.293 2.806 6.717 0.750 0.047 1.259 41.62 
BCA014 3.163 1.488 1.675 2.326 7.527 0.750 -0.262 1.411 34.11 
BCA015 4.590 1.570 3.020 3.080 5.473 0.750 0.371 1.026 57.12 
BCA016 6.542 2.288 4.254 4.415 5.596 0.750 0.345 1.049 51.18 
BCA017 5.953 1.939 4.014 3.946 5.211 0.750 0.424 0.977 56.64 
BCA018 6.173 1.879 4.294 4.026 4.870 0.750 0.488 0.913 59.89 
BCA019 6.518 2.165 4.353 4.342 5.315 0.750 0.404 0.996 55.97 
BCA020 4.174 1.339 2.835 2.757 5.133 0.750 0.439 0.962 59.42 
BYp - biomass yield under well water, BYs - 
biomass yield under drought stress, TOL – 
tolerance, BMP -  biomass mean production, BSTI 
– biomass stress tolerance index, BRDI –  biomass  
 

relative drought index, BSSI – biomass stress 
susceptibility index, BDRI – biomass drought 
resistance index and BYR% – Biomass yield 
reduction percent. 

Table 4: Correlation coefficient between BYp, BYs and tolerance indices 
  BYp BYs TOL BMP BSTI BRDI BSSI DI BYR% 

BYp      1         
BYs 0.506* 1        
TOL 0.97**   0.28 1       
BMP 0.98** 0.66**   0.90** 1      
BSTI -0.66**   0.25 -0.81**  -0.52* 1     
BRDI 0.51  -0.06    0.59  0.43 -0.60 1    
BSSI -0.43*   0.25 -0.55* -0.31 0.84** -0.41 1   
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DI -0.66**   0.25 -0.81** -0.52* 1.00** -0.60c 0.84** 1  
BYR% 0.70** -0.18* 0.83** 0.57** -0.99** 0.60c -0.85** -0.99**   1 

*and ** significant at 0.05 and 0.01 levels. BYp - biomass yield under well water, BYs - biomass yield under drought stress, 
TOL – tolerance, BMP - biomass mean production, BSTI – biomass stress tolerance index, BRDI – biomass relative drought 
index, BSSI – biomass stress susceptibility index, DI – drought index and BYR% – Biomass yield reduction percent. 

Figure 5: Drought tolerance of cowpea genotypes 
based on BMP (biomass mean productivity) index. 
BMP value: 2-3 = sensitive, 3-4 = moderately 
tolerant, 4-5 = tolerant and 5-6 highly tolerant. 

 
 
3.3 Agro-morphological and physiological 
responses to drought stress  
Data on above ground biomass yield under well 
watered conditions (Byp) and drought stress (Bys) 
and the mean biomass yield (BMP) are presented in 
Table 5. Cluster analysis showed that the genotypes 
BCA001, BCA003 were highly drought tolerant 
(HDT), BCA002, BCA019, BCA006 were drought 
tolerant (DT), BCA004, BCA017 were moderately 
drought tolerant (DM), while BCA011 was drought 
sensitive (DS) (Figure 7). 
 
The plant dry matter characteristics (shoot and root 
dry weight and shoot: shoot ratio) were also 
analyzed. The result showed that there were 
significant differences (P<0.05) between the eight 
genotypes under both well-watered and drought 
stressed conditions for shoot and root dry weight, 
which indicates a genetic diversification in shoot 
and root characteristics (Table 6). It was found that 
the genotype BCA003 has significantly (P<0.05) 
high value for root: shoot ratios, while the other 
genotypes had similar root: shoot ratios. These 
results indicate that in general the root to shoot 
ratios were similar for the genotypes under studied. 
 
Reduction in soil moisture content resulted in 
RWC% reduction that caused 68.55% - 49.68% 
reduction compared to well-watered to be 92% - 
84% thereby showing no significant differences 
between the eight genotype genotypes presented in 
table 7. Under drought stress conditions, BCA002, 
BCA003, BCA001 and BCA019 had the highest 
chlorophyll content and least percentage reduction 
in chlorophyll content (Table 8 and Figure 8) 
compared to BCA006, BCA017, BCA004 and 
BCA011. 

Figure 6: A three dimensional plot among BMP, 
BYP and BYS. BMP (biomass mean production), 
BYP (biomass yield well water) and BYS (biomass 
yield under water stress). 1= BCA001, 2= 
BCA002, 3 = BCA003, 4 = BCA004, 5 = BCA005, 
6 = BCA006, 7= BCA007, 8 = BCA008, 9 = 
BCA009, 10 = BCA010, 11= BCA011, 12 = BCA 
012, 13= BCA013, 14 = BCA014, 15 = BCA015, 
16 = BCA016, 17 = BCA017, 18 = BCA018, 19 = 
BCA019 & 20 = BCA020. 

 
Gaseous exchange (Photosynthesis, stomata 
conductance and transpiration) was also 
determined. There was significant difference 
(P<0.05) in photosynthesis, stomata conductance 
and transpiration between some of the genotypes 
under both well watered and drought stress 
conditions for all the gas exchange parameters 
(Table 9).  
 
Regression analyses were performed to determine 
their relationships with BMP. The relationship 
between BMP and photosynthesis, Stomatal 
conductance, transpiration and chlorophyll content 
were not strong (Table 10). 
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Figure 7: A three dimensional plot among BMP, BYs and BYp.  BMP (biomass mean productivity), BYs 
(biomass yield under drought stress) and BYp (biomass yield under well watered conditions) for eight Cowpea 
genotypes grown in polythene bags in soil mixed (mixed C). 

 
 
Table 5: Drought tolerance biomass mean production index for eight cowpea genotypes 

 
 
 
 
 
 
 
 
 

HDT = highly drought tolerance; DT = drought tolerant; DM = drought moderate; DS = drought sensitive; DTc  
= drought tolerance categories. 
 
Table 6: Effect of water stress on cowpea genotypes morphological traits. 

 Well- watered ( Control)  Drought Stressed 
Genotype DTC Shoot DW 

(g) 
Root DW 
(g) 

Root:Shoot  Shoot DW (g) Root DW 
(g) 

Root:Shoot 

BCA001 HDT 4.87a 0.7bc 0.16bc  2.07a 0.78bc 0.17c 
BCA003 HTD 4.12ab 0.99a 0.24a  1.46b 0.99a 0.34a 
BC002 DT 4.25ab 0.58c 0.13c  2.01a 0.58c 0.21bc 
BCA019 DT 3.71c 0.57c 0.15bc  1.74ab 0.57c 0.18bc 
BCA006 DT 4.76ab 0.90ab 0.19ab  1.72ab 0.90ab 0.25b 
BCA017 DM 3.85c 0.72bc 0.19ab  1.64ab 0.72bc 0.23bc 
BcA004 DM 3.98bc 0.57c 0.14bc  1.36b 0.57c 0.16c 
BCA011 DS 4.12ab 0.71bc 0.17bc  1.36b 0.71bc 0.19bc 

HDT = highly drought tolerant; DT = drought tolerant; DM = drought moderate; DS = drought sensitive; DTc = 
drought tolerance categories; DW = dry weight. Means with the same letter are not significantly different within 
columns at P<0.05.
 
Table 7: Effect of drought stress on cowpea genotypes relative water content (RWC %). 

Genotype Drought tolerance Well-watered Drought stressed 
BCA001 HDT 89.91ab 58.82c 
BCA003 HDT 88.92ab 58.08c 

Genotypes DTc Byp Bys BMP 
BCA001 HDT 4.486 1.920 3.20 
BCA003 HDT 3.830 1.270 2.96 
BCA002 DT 1.854 1.854 2.92 
BCA019 DT 1.629 1.629 2.48 
BCA006 DT 1.594 1.594 2.55 
BCA017 DM 1.471 1.471 2.55 
BCA004 DM 1.624 1.624 2.64 
BCA011 DS 1.203 1.203 2.46 
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BCA002 DT 86.95ab 50.08c 
BCA019 DT 90.91ab 52.36c 
BCA006 DT 92.91a 49.68c 
BCA017 DM 84.95ab 68.55ac 
BCA004 DM 86.69ab 62.57bc 
BCA011 DS 88.63ab 59.79c 

HDT = highly drought tolerant; DT = drought tolerant; DM = drought moderate; DS = drought sensitive. Means 
with the same letter are not significantly different with in columns at P<0.05. 
  
Table 8: Effect of drought stress on Chlorophyll content of cowpea genotypes. Values are SPAD measurements. 

Genotypes Drought tolerance Well watered Drought stressed 
BCA001 HDT 33dc 33.99dc 
BCA003 HDT 38.63ac 40.20ab 
BCA002 DT 38.5 ac 38.69ac 
BCA019 DT 39.07ac 35.26dc 
BCA006 DT 37.43 ac 33.67dc 
BCA017 DM 39.43a 31.95dc 
BCA004 DM 43.25a 31.68de 
BCA011 DS 35.43c 30.75e 

HDT = highly drought tolerant; DT = drought tolerant; DM = drought moderate; DS = drought sensitive. Means 
with the same letter are not significantly different within columns at P<0.05. 
 
Figure 8: Percentage reduction in chlorophyll 
content due to drought stress. Error bars represent 
standard deviation of the means of 4 replicates. 

 
 
3.4 Identification of the most suitable drought 
tolerance index and its application in cowpea 
screening   
There were differential responses to drought stress 
as indicated by reductions in plant height, leaf area 
and chlorophyll content and its effect on soil 
moisture content. These variations in response 
parameters can be explained by the fact that 
drought stress damages plant physiological 
parameters responsible for growth and 
maintenance. The genetic variability observed is 
also due to different responses of cowpea 
genotypes to drought stress. This could be a result 
of each genotype’s ability to exhibit avoidance or  

escape mechanism during a period of drought 
stress. Based on previous research findings, 
physiological or biochemical (antioxidant systems, 
accumulate proline, pinnitol and aquaporins) could 
be attributed to the differential responses to water 
deficit (Nairs et al., 2008; Farouk et al., 2013;  
Simoe-Aranjo et al., 2008). This might have 
enabled some of the genotypes to have better 
growth performance as also reported in various 
water stress studies involving cowpea (Ogbonnaya 
et al., 2003; Hamidou et al., 2007; Muchero et al., 
2008) and Bambara groundnuts (Vurayai et al., 
2011). 
 
The results showed that the 20 genotypes can be 
classified into five categories namely; highly 
drought tolerant, drought tolerant, moderately 
drought tolerant, drought sensitive and highly 
sensitive genotypes based on the biomass main 
production (BMP) index. The highly drought 
tolerant genotypes were those that expressed 
uniform superiority in both stress and well watered 
conditions. A three dimensional plot between 
BMP, BYp and BYs, shows that BCA001 and 
BCA003 were highly drought tolerant compared to 
the highly sensitive: BCA005 and BCA008. These 
results are consistent with Naghavi et al. (2013) 
findings in which several indices were correlated 
with yield under both non-stress and stress 
conditions. In this case, BMP was selected as the 
index for drought tolerance selection for cowpea 
genotypes based on its high correlation with BYp 
and BYs. 
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Table 9: Effect of water deficit on gas exchange (Photosynthesis, stomatal conductance and transpiration) 
             Well- watered            Drought Stressed                                 
Drought 
tolerance 

Genotype Net photosynthesis 
(mol CO2

. m-2.s-1) 
Stomatal Conductance 
(mol H2O.m-2.s-1) 

Transpiration 
(mol H20.m-2.s-1) 

 Net photosynthesis 
 (mol CO2

. m-2.s-1) 
Stomatal Conductance 
 (mol H2O.m-2.s-1) 

Transpiration 
 (mol H20.m-2.s-1) 

HDT BCA001 15.76ab 0.12b 7.65a  9.30ab 0.03bc 3.54ac 
HDT BCA003 14.57ab 0.46ab 7.84a  7.18ab 0.06ac 5.06a 
DT BCA002 9.86b 0.26ab 6.62a  9.41ab 0.02bc 3.08ac 
DT BCA019 14.10ab 0.44ab 7.15a  9.69ab 0.08ab 4.29ab 
DT BCA006 14.03ab 0.11b 5.58a  5.04ab 0.006c 1.49c 
DM BCA017 14.14ab 0.69a 6.52a  7.96ab 0.07ab 3.14ac 
DM BCA004 14.67ab 0.21b 7.52a  7.16ab 0.07ab 2.27c 
DS BCA011 19.77a 0.18b 7.46a  11.31a 0.09a 5.22a 
HDT = highly drought tolerance; DT = drought tolerant; DM = drought; Moderate; DS = drought sensitive. Means with the same letter are not significantly different within columns at P<0.05. 
 
Table 10: Regression analysis for percent reduction in biomass yield and gaseous exchanges (net photosynthesis, stomatal conductance and transpiration) and chlorophyll content in well-
watered and drought stressed conditions. 

Statistic Chlorophyll content Net photosynthesis Stomatal conductance Transpiration 
Reg. Coef. -29.96 (30. 324) -0.270 (14. 329)a 0.179 (0. 238) 0.043 (0.719) 
Intercept 89.653(11.100) 46.98 (39.147) 0.347(0.649) 2.697 (0. 380) 
P-value 0.036 0.985 0.499 0.953 
F-value 7.154 0.003 0. 515 0.004 

a values in parenthesis are standard errors 
 
Several studies have shown the use of the main production (MP) index or biomass 
main production (BMP) as significant in the idenfication of drought tolerance in 
cowpea (Chiulele et al., 2011) and other crops such as potato (Ghasem, 2014), 
wheat (Triticum aestivum L) (Iiker, 2011; Sio-se Mardeh et al., 2006), barley 
(Nazari and Pakniyat, 2010), mungbean (Fernandez, 1992). Based on this, the 
BMP categorized cowpea genotypes in this study as follow: BCA001 and 
BCA003 as highly tolerant; BCA002, BCA006, BCA009, BCA016, BCA011, 
BCA019 as drought tolerant; BCA004, BCA015, BCA017 as moderately drought 
tolerant and the drought sensitive and highly sensitive being BCA020, BCA014, 
BCA013, BCA012, BCA007, B505A, BCA008, BCA010 and BCA005.  Also this 
categorization was clearly illustrated by the three dimensional plot. This study has 
shown that genetic variability for cowpea drought tolerance existed in the 
evaluated genotypes. Genotypes were grouped according to their biomass yielding 
ability and tolerance to drought.  
  
 

3.5 Difference in gas exchange parameters between the cowpea genotypes, but 
are not associated with biomass main production (BMP) index.  
The results presented showed that the eight genotypes differed in reduction in 
chlorophyll content (parameter). The difference observed in chlorophyll content 
showed that BCA001, BCA003, BCA002 and BCA019 had the highest 
chlorophyll content under drought stressed condition compared to BCA011 and 
BCA004. This difference was attributed to several reasons, but the idea among 
them was that some cowpea genotypes exhibited avoidance mechanism before or 
after drought stress was initiated (Vurayai et al., 2011; Ntomebla, 201
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The chlorophyll content and gas exchange were 
poorly related to BMP as expected, indicating that 
potential drought tolerance identification index 
(biomass mean productivity) does not necessarily 
result in or support drought tolerance selection 
based on physiological traits (chlorophyll content 
and gaseous exchange). The BMP agro-
morphological trait has been used for drought 
tolerance selection in many crops. According to 
Fussell et al. (1991), agro-morphological trait 
response to drought stress is reliable for drought 
identification compared to physiological traits. 
However, estimated chlorophyll content and its 
reduction due to drought stress were treated as one 
of the key indicators for drought tolerance in this 
study and others involving cowpea (Ntombela, 
2012), wheat (Talebi, 2009; Farshadfar, et al., 
2012a) and peanuts (Songsri, et al., 2008). In 
addition to this, gaseous exchange parameters in 
general have also been used as key parameters to 
be determinants of drought tolerance despite being 
poorly associated with BMP as a measure of 
drought tolerance. Other similar studies, also 
indicated that these parameters were used to screen 
for drought tolerance in cowpea (Singh et al., 2010; 
Singh and Reddy, 2011), legumes (Socias et al., 
1997; Hamidiou et al., 2007; Darwish and Fahmy, 
1997; Vurayai et al., 2011); and other crop (Kumar 
et al., 2014).  The differences observed in the 
current research showed that BCA011 had the 
highest gaseous exchange ability under drought 
stress condition, while BCA002 had the lowest for 
stomata conductance and BCA006 had the lowest 
for transpiration. This was due to several reasons; 
key among them was that plants were experiencing 
the same water deficit and stomatal control of 
water loss and carbon gain also the same; other 
plant responses (antioxidant systems, proline, 
pinnitol, sugar accumulations) which are 
biochemical by nature might have played a role in 
the observed differences in drought tolerance. And 
intra-species difference or genetics could also 
account for lack of association of BMP and the 
physiological parameters. In view of these 
observations, BMP appears to be an appropriate 
drought tolerance selection index since chlorophyll 
content and gaseous exchanges showed poor 
relationship in this study.   
 
3.6 Water stress impact on Relative Water Content 
(RWC) of cowpea genotypes:  
Moisture stress at the vegetative stage of cowpea 
growth and development significantly (P�0.05) 
decreased the RWC. This is consistent with the 
findings of Kramer and Boyer (1995), that water 
stress is characterized by a decrease in RWC and 
the potential of the plant to survive water stress 
depends on their ability to restrict water loss. In 
cowpea, reduction in the RWC is a common 
happening under drought stress reported by 

Kummar et al. (2014)  and other plants such as rice 
(Oryza sativa) (Lafitte, 2002); maize ( Zea mays) ( 
Efeogul et al.2009) and bambara groundnuts ( 
Muriuki, 1997). RWC was >50% under moisture 
stress (Table 7), indicating that it can be highly 
used for drought tolerance classification for 
breeding program in this study. The result is 
consistent with that of Pungulani et al. (2012) that 
reported that with cowpea under drought stress, 
WRC above 0.50 is essential for drought tolerance 
identification. It was further reported that most 
plants maintain physiological process at RWC > 
0.50.  
Therefore, genotypes BCA017 and BCA004 had 
the highest RWC of > 60%, suggesting that the 
genotypes which maintained high WRC % under 
water stress had the ability to minimize water loss 
from their leaves and had the ability to extract 
water from the deep layers or dry soil (Pungulani et 
al., 2012). Also, it might probably be due to 
osmotic adjustment since previous studies reported 
that it plays a role in preventing the detrimental 
effects of drought in leaves (Kumar et al., 2014). 
The RWC% ranged of 49.68% due to water 
stressed was similar to the findings of Lobato et al. 
(2008).   
 
Conclusion  
 
Using biomass yield under well water (BYp) and 
drought stress conditions (BYs), Mean Biomass 
Production (BMP) is the most suitable index for 
drought tolerance selection presented in this study 
and it is necessary for drought stress screening 
studies under green house condition. The 
association of BMP and plant physiological 
parameters (estimated chlorophyll content, 
photosynthesis, transpiration and stomatal 
conductance) should not be used for classification 
of drought stress tolerant together, under green 
house condition. The characterization of drought 
tolerant genotypes can be important for cowpea 
imrovement program targeting drought stress 
environments.    
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