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Abstract

Cowpea [Vigna unguiculata (L.) Walp] is one of the most important leguminous crops grown in tropics and sub-tropics worldwide. It
serves as a good source of proteins and minerals for nutritional benefits of both humans and animals. However, its production is
hindered by recurrent drought conditions associated with climate changes. Under abnormal conditions, drought alone causes grain
and fodder yield losses of about 62% and 56% of realizable yield, respectively in cowpea. Numerous efforts to mitigate drought
through breeding resilient cultivars are underway in many countries. Progress is hampered due to the fact that drought is a
complex trait controlled by many genes that is affected by the environment. Consequently, breeding for drought tolerance requires
an integration of various knowledge systems and methodologies from multiple plant science disciplines. The success of drought
tolerance depends on the accumulation of additive genes, accurate control of stress environments and the use of high throughput
selection methods to maximise selection gains. This review aimed at providing perspectives on the status of the progress made
thus far on cowpea drought tolerance improvement and the technologies used for genetic management of drought tolerance in
cowpea in order to reduce losses incurred due to moisture stress.
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Introduction
dry environments, due to its morphological as well as

Cowpea is one of the most important leguminous crop biochemical qualities. The deep-rooted system and less
grown globally belonging to the family Fabaceae. It is water loss through the stomata and its early maturity are
believed to have originated in West- and Southern-Africa some of the factors that make cowpea adaptable to hostile
and is widely distributed in East- and Central-Africa, India, environments (Gomez, 2004). Although has a competitive
Asia, South- and Central-America. According to FAO (2017), niche in sandy soils, it is susceptible to excessively wet
the world production of cowpea is about 5.6 metric tonnes conditions, and poorly drained soils (Valenzuela and Smith,
cultivated in an area of 12.6 million hectares. Of the world 2002).

total cowpea production, Africa produced 95.3%, followed However, cowpea production is hindered by various factors
by Asia (2.8%), America (1.3%) and Europe (0.6%). The including abiotic stresses such as drought. Drought is one of
leading producers in Africa are Nigeria, Niger and Burkina the most important factors that affect production
Faso. In South Africa, cowpea is under smallholder farmers worldwide. It causes grain and fodder yield reduction of
systems under dryland conditions in the Limpopo, North- about 62% and 56%, respectively (Olubumni, 2015). Climate
West, Mpumalanga and KwaZulu-Natal Provinces (DAFF, changes will increase the frequency of drought and flood,
2011). particularly in many countries of Africa. It is estimated that
Cowpea production is widely distributed throughout the by 2050, water deficits are expected to affect 67% of the
tropics and sub-tropical areas of the world. It is mainly world’s population (Ceccarelli et al.,, 2004). Drought can
grown for human and animal consumption as food and occur at any stage of crop development. Early season
fodder. It is used both as a vegetable and as grain whereby drought stress can affect crop establishment and if it occurs
the grain provides an inexpensive source of protein in the at flowering or pod filling stages, it may results in reduced
diet of many rural households (DAFF, 2011). Cowpea is yields (Tumwesigye and Musitwa, 2002). Drought tolerant
consumed in different forms. Whole cowpeas are consumed varieties are a good means of safeguarding cowpea against
after being stewed, while different products based on a wet the adverse effects of drought. However, drought tolerance
milled paste such as akara and moin moin are also produced. is a complex trait that is controlled by many genes (Bernado,
Apart from the traditional products, cowpeas are also being 2008). Some of the genes are located as quantitative trait
processed into flour for the production of bakery products loci (QTL) exhibiting additive and non-additive effects.
such as cookies and breads (Hallén et al., 2004; McWatters Drought tolerance has low heritability due to its polygenic
et al., 2005). nature and the effect of genotype by environment
Cowpea plays an important role in soil fertility improvement, interaction (Khakwali et al., 2012). Despite these challenges,
suppression of weeds and dry grain after maturity. Like most determination of genetic diversity among the cowpea
legumes, it has the ability of fixing atmospheric nitrogen, accessions remains the basis of elucidation of the genetic
having the advantage of growing well even under poor and structure and improvement of quantitative traits including
low levels of nitrogen and less fertile soils. Cowpea thrives in drought tolerance. The state of knowledge and
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complementary methodologies towards breeding of drought
tolerance in cowpea are often presented disjointedly across
various disciplines of plant sciences. Nevertheless, the
genomic assisted selection has not yet contributed much in
improvement of drought tolerance in cowpea. This review
summarizes the literature on the genetic management of
drought in cowpea. It highlights yield losses and the
implication of drought, mechanism of drought tolerance,
selection methods and technologies for drought tolerance.

Effects of drought on growth and development of crops

Drought is a major production constraint in agriculture
worldwide. It is estimated that cultivation on the earth is
only possible on 16% of the potentially arable area due to
limited availability of water (Alexandratos and Bruinsma
2012). Drought is occurring on all continents with varying
intensity and frequency. Africa is strongly affected by
drought almost every 12 years but drought intensified
during the years 2009-2011. Drought stress is expected to be
more severe in coming years and drought affected areas
may double in year 2050 (Li et al., 2009). Recently, South
Africa experienced extreme drought conditions since 2015,
which caused many crop losses. Drought is a combination of
stress effects caused by high temperatures (Prasad et al.,
2008) and a lack of water (Campos et al., 2000b). Global
climate change is likely to increase the occurrence and
severity of drought events, in particular because of the
increase  of evapo-transpiration induced by rising
temperatures (Feng et al. 2013). Lack of adequate soil
moisture or water deficit affects the ability of plants to grow
and complete a normal life cycle (Moussa and Adbel-Aziz,
2008). Water deficit can have major consequences on
growth, development and yield of crops by affecting several
physiological, morphological and biochemical processes
(Simpson, 1981). Drought causes poor performance and low
yields, and sometimes causes a total crop failure.

The impact of drought stress on crop yield depends on the
stress timing and intensity and the response of the crop.
Drought stress may occur during the early establishment,
vegetative phase or reproductive phase. In cowpea
cultivation, the most sensitive stages to water deficit or
water stress are just prior to and during bloom (Dauvis et al.,
1991), seed filling stage (Cordeiro et al., 1998) and
vegetative stage, followed by the flowering and fruiting
stages (Carvalho et al., 2000).

Mechanisms of drought tolerance

Drought tolerance is defined as the ability of plants to live,
grow, and yield adequately with limited soil water supply or
under periodic water deficiencies (Ashley, 1993). Three
mechanisms are used for drought adaptation, drought
escape, dehydration avoidance and dehydration tolerance.
Drought escape is the ability of the plant to complete its life
cycle before the onset of drought stress. This strategy is
particularly successful in regions where drought stress
occurs at the end of the crop growth cycle. Flowering time is
recognized as the most critical trait to select for drought
escape. Dehydration avoidance is defined as the plant
capacity to sustain high plant water status or cellular
hydration under the effect of drought (Blum 2005). Morpho-
physiological traits like early vigour, deep roots, stomatal
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regulation and osmotic adjustment contribute to
dehydration avoidance. Dehydration tolerance is defined as
the relative capacity to sustain or conserve plant function in
a dehydrated state (Blum 2005).Traits like accumulation of
molecular protectants that allow the plant to maintain, at
least partially, its functionality in a dehydrated state
participate to dehydration tolerance.

Selection methods and technologies for drought tolerance
Phenotyping cowpea for drought tolerance using
phenotypic traits

There are various ways of determining drought tolerance in
plants. These include the use of phenotypic traits as
selection criteria. Some of the scientists believe that better
adapted and high yielding genotypes could be bred more
efficiently and effectively if traits that confer yield under
drought conditions could be identified and used as selection
criteria at the early stages of breeding programmes (Omae
et al., 2007; Sharma et al., 2007). However, there are
examples where morpho-physiological traits have been used
to identify drought tolerant varieties. Matui and Singh
(2003) screened for drought tolerance on cowpea genotypes
at seedling stage and identified genotype IT96D-604 as
tolerant based on the increase in root dry matter per leaf
area under mild water-stress conditions, and downward
movement of roots (increasing access and use of soil
moisture in deep soil layers) under mild and severe water
stress conditions. Kumar et al. (2008) used midday drop of
leaf relative water content as a screening and selection trait
for drought tolerance of cowpea genotypes. The other traits
measured for determination and assessment of drought
tolerance include: delayed leaf senescence (Gwathmey et
al., 1992), stem greenness, recovery of dry weight (Muchero
et al., 2008), root architecture (ltani et al., 1992; Silim and
Saxena, 1993; Matsui and Singh, 2003), early maturity,
reduced leaf area and leaf area adjustment, photosensitivity
and indeterminacy (Singh and Matsui, 2002).

Physiological traits correlated with drought tolerance

The physiological traits used for determination of drought
tolerance include chlorophyll content, water use efficiency,
water potential, relative turgidity, leaf gas exchange, relative
water content, diffusion pressure deficit, chlorophyll stability
index and carbon isotope discrimination (Bates and Hall,
1981; Turk and Hall, 1980; Morgan et al., 1991; Hall et al.,
1997; Anyia and Herzog 2004a; Souza et al., 2004). Stomatal
conductance and abscisic acid synthesis (Cruz De Carvalho et
al., 1998), free proline content (Agbicodo et al., 2009) and
production of reactive oxygen species (Countour-Ansel et al.,
2006) have been used as traits to be monitored in drought
tolerance research work. The usefulness of each trait
depends on its correlation with grain yield under moisture
deficit. The leaf area is related to the plant's metabolism, dry
matter production and yield (Severino et al., 2004), being an
important production factor and measurement of water use
plants when exposed to water deficit (Fernandez et al.,
1996; Vieira et al., 2000). According to Netto et al. (2005),
the indirect determination of chlorophyll content in leaves
can be used as a tool to diagnose the integrity of the
photosynthetic apparatus when the plants are subjected to
environmental adversity. Bastos et al. (2011) used leaf area



index, chlorophyll content together with yield and yield
related traits to determine drought tolerance of cowpea
under moisture stress. In most cases, tolerance to water
deficit in cowpea was reportedly associated with increased
membrane stability, diminished stomata opening, reduced
transpiration and smaller leaf area (Labuschagne et al.,
2008; Belko et al., 2012).

Molecular marker technologies for drought tolerance

Drought tolerance in cowpea is governed by multiple genes
whose effects are often masked by or interact with the
environment. As such, breeding for drought using
conventional methodologies is not easy to achieve.
Molecular marker technologies are used to identify regions
of the genome that harbor the genes that contribute to
drought tolerance (Timko and Singh, 2008). If the most
important genes can be tagged with molecular markers, they
could be reliably introgressed into highly desirable cultivars
that are susceptible to drought, thereby, improving their
tolerance to drought. The availability of high throughput
genotyping platforms provides new opportunities for
improvement of complex traits like drought tolerance
through marker-assisted breeding (MAB). Batieno (2014)
used marker-assisted backcrossing (MABC) to transfer QTLs
for yield under drought and stay-green into Moussa local, a
farmer preferred cowpea landrace. Muchero et al. (2013)
identified seven loci, five of which exhibited evidence
suggesting pleiotropic effects (stay-green) between delayed
senescence, biomass, and grain yield using SNP markers.
Three of the five putative stay-green QTLs, Dro-1, 3, and 7
were identified in both RILs and diverse germplasm with
resolutions of 3.2 cM or less for each of the three loci,
suggesting that these may be valuable targets for marker-
assisted breeding in cowpea. Muchero et al. (2010) mapped
candidate genes associated with drought tolerance of
cowpea, and identified seven restriction fragment length
polymorphism (RFLP) markers that may assist in assessment
of this trait in cowpea seedlings. There is a need to develop
and identify diagnostic molecular markers that are linked to
effective drought tolerance QTLs in cowpea for routine
applications of MAS in breeding programs. The markers
linked to drought tolerance QTLs could be used to predict
the presence of specific genes and might help in the transfer
of several QTLs into locally adapted cultivars. Presently, low
cost and next generation sequencing (NGS) platforms are
becoming available. Technologies such as genotype by
sequencing (GBS) needs to be considered for screening for
drought tolerant QTLs in the resource materials available to
breeders. To date, there is lack of information on the gene
cloning in cowpea aimed to incorporate drought tolerant
QTLs into suitable genetic backgrounds in cowpea.

Mutation breeding and technology

Mutation technology is used to create variation in the search
of desired traits such as drought tolerance. It is an effective
technique to increase resilience to drought in crops grown in
drought-prone countries. Among the different present
approaches, mutagenesis and mutation breeding and the
isolation of improved or novel phenotypes in conjunction
with conventional breeding programs can result in mutant
varieties endowed with new and desirable variations of
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agrometrical traits. Mutation breeding is the purposeful
application of mutations in plant breeding. Tolerant varieties
to stresses can be developed by either (1) direct or (2)
indirect breeding approaches. Mutagenesis for resistance to
abiotic stresses is a well-known efficient breeding approach
in order to create new desirable genetic variability, as the
use of the traditional breeding methods have narrowed
genetic variability in the cultivated crop species over a long
period. Mutation was used in cowpea to create genetic
diversity and improve drought tolerance and vyield
productivity. Seeds of the selected line, IT93K129-4 were
irradiated with gamma radiation and screened for drought
tolerance and vyield (Spreeth et al., 2004). Ronde and
Spreeth (2007) used mutation technology in obtaining
drought tolerant lines giving relatively good vyields under
drought stress conditions and having favourable traits. The
authors found that under drought stress conditions mutant
lines 447, 217 and 346 compared best with the parent line,
giving yields of 88%, 75% and 75% of that of the parent line
respectively. Mutant line 217 also performed very well in
terms of relative water content and free proline
concentration. More studies using mutation technology for
the development of drought tolerant genotypes with
improved yield in various parts of the world where drought
is a challenge need to be considered. According to Hallajia
(2016), mutation-assisted plant breeding will play a crucial
role in the generation of “designer crop varieties” to address
the challenges due to drought and the global plant-product
insecurity. Molecular mutation breeding will significantly
increase both the efficiency and efficacy of mutation
techniques in crop breeding. High-throughput DNA
technologies for mutation screening such as TILLING
(targeting induced limited lesions in genomes), high-
resolution melt analysis (HRM), ECOTILLING, and so on are
the key techniques and resources in molecular mutation
breeding. A TILLING approach based on next-generation
sequencing has been used in mining of genes associated
with drought tolerance in chickpea (Thudi et al. 2014). The
M; population was used for functional validation of drought-
responsive genes.

Genetic diversity and methods used for evaluation of
drought tolerance

Breeding for a target trait largely depend on the existence
of genetic diversity within the target and related crop
species. The initial population for screening should be large
and diverse enough to ensure adequate presence of genetic
variability in order to have a strong selection response
(Fischer et al., 2003). In addition, more germplasm lines
need to be evaluated in order to identify new and better-
adapted sources for drought tolerance. Studies conducted
elsewhere have indicated that genetic variability for drought
tolerance, which, could be utilized in breeding programmes,
exists in cowpea (Matsui and Singh, 2003; Chiulele and
Agenbag, 2004; Muchero et al., 2008). In these studies,
genotypes were evaluated at different crop growth stages
(seedling stage, vegetative and reproductive) using different
physiological, morphological and phenological traits. This
diversity can aid breeders to develop breeding programmes
for drought tolerance and help in germplasm conservation
strategies.



Various researchers have used different methods to
evaluate genetic variation in drought tolerance (Bidinger et
al., 1982). These methods ranged from wooden boxes (Mai-
Kodomi et al., 1999a; Muchero et al., 2008), pots and
hydroponic (Ogbonnaya et al., 2003) to simple field
screenings (Singh et al., 1999; Chiulele, 2010; Ishiyaku and
Aliyu, 2013). However, progress in breeding cultivars for dry
environments has been slow, and selection for yield has
been mainly achieved by testing advanced lines over several
environments and years (Hall et al., 1997; Cattivelli et al.,
2008). This is because of the need to assess the yield of large
numbers of lines across several environments and years, and
the substantial variation from the effects of environment,
error and genotype x environment interactions. Hence,
breeding for drought tolerance is a challenging task because
of the complexity of drought responses, environmental
factors, and their interactions.

Pre-breeding and breeding of drought tolerant cowpea

One of the most cost-effective strategies in combating the
effects of water deficiency in plants is the development of
cultivars with improved drought resistance (Rauf, 2008).
Considerable progress has been made for breeding plants
with traits related to water stress, based on advances in the
areas of plant physiology, molecular genetics and molecular
biology in other crops (Cattivelli et al., 2008). In cowpea,
there is little information available. Sousa et al. (2015)
screened and selected cowpea progenies developed through
recurrent selection for drought tolerance. Improvement of
drought tolerance in cowpea, through the application of a
recurrent selection program, depends on traits being
inherited in a quantitative manner. Such programs comprise
three or more selection cycles conducted in a repetitive
manner, such that selection of progenies with enhanced
drought tolerance must commence at the first cycle in order
to permit future selections. However, in South Africa reports
on breeding for tolerance to drought are still limited. Hence,
information on drought tolerance is scarce. There is need to
evaluate cowpea accessions for adaptability and drought
tolerance within the country.

Gene action of drought tolerance in cowpea

General combining ability is a good measure of additive gene
action, whereas specific combining ability is a measure of
non-additive gene action (Rojas and Sprague, 1952).
Combining ability studies provides useful information on
how inbred lines can be combined to produce a productive
hybrid or breed novel varieties. Selection and development
of parental lines with high combining ability is one of the
most important breeding objectives whether the goal is to
create a hybrid with strong vigour or develop a pure line
cultivar with improved characteristics compared to their
parents (Kadam et al., 2013). The genetic variability among
the crosses is partitioned into effects due to additive (GCA)
or non-additive (SCA) variances (Shiri et al., 2010). Lines with
good combining ability are potential lines for use as parents
for development of drought tolerant varieties. Information
regarding combining ability and nature of gene action
governing the inheritance of desirable traits are therefore
efficient ways to achieving maximum genetic gain when
developing high yielding cowpea cultivars with higher and
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more stable yields across drought prone regions where it is
grown. Mwale et al. (2017) estimated combining ability and
heritability in cowpea genotypes under drought stress and
non-stress conditions in Uganda. The study revealed that
both additive and non-additive genetic effects condition
drought tolerance with the predominance of non-additive
genetic effects for seed yield, 100 seed weight and number
of pods per plant. Olubumni (2015) screened 91 cowpea
genotypes for drought tolerance using phenotypic traits and
determined the mode of gene action for drought tolerance
on F; progenies. The author found that both the additive and
non-additive gene effects were important in the control of
grain yield and other drought adaptive traits in all research
environments. The additive gene action was also identified
as more important in the inheritance of yield related traits,
100-seed weight, number of seeds per pod, Normalized
Difference Vegetation Index (NDVI) measured at three
different growth stages and the number of pods and seeds
per plant under drought stress. High GCA effects were also
reported for hundred seed weight, pod per plant and grain
yield in cowpea progenies grown under water stress
(Carvallo et al., 2012; Alidu et al., 2013). Information on gene
action controlling drought tolerance, yield and its associated
traits is scarce in cowpea. Romanus et al. (2008) reported
that additive gene action was more important than non-
additive gene action in controlling yield, number of seeds
per pod, pod length and hundred seed weight. Umaharan et
al. (1997) also reported the prevalence of additive gene
action over the non-additive gene action for pod length, pod
width, pod wall thickness, inter-seed space, hundred seed
weight and seediness on vegetable cowpea. However,
combining ability and heritability estimates are specific to
the germplasm being tested and the environment where the
germplasm is tested (Falconer, 1989). Therefore, there is a
need to investigate the gene action controlling drought
tolerance, yield and vyield related traits in germplasm
adapted to South Africa. Such information would be useful
for cowpea breeding programmes in the country.

Omics
Genomics

The development of genomic resources for cowpea has been
more recent than those developed for many other crops.
Most early efforts in cowpea were focused on molecular
diversity and genetic linkage mapping. Genetic diversity
studies have used different marker systems as technologies
have advanced from the use of allozymes to technques such
as next generation sequencing and genotype by sequencing
(Sonah et al., 2013). In cowpea, Xiong et al. (2016) used
genotype by sequencing to discover single nucleotide
polymorphism (SNP) in cowpea and the identified SNP alleles
were used to estimate the level of genetic diversity,
population structure, and phylogenetic relationships. High-
throughput next generation sequencing (NGS) technologies
have opened the way to novel approaches in this area
because of their capacity to produce sequence information
on an unparalleled scale compared to Sanger sequencing
(Pareek et al., 2011). Recently, NGS was used in cowpea to
sequence the genome of cowpea aphid-borne mosaic virus
isolated from cowpea in Uganda (Mbeyagala et al., 2017).



Transcriptomics

Transcriptomes are studied for interpreting functional
elements of genome and revealing molecular constituents of
cells and tissues (Wang et al. 2009). The cDNA and
oligonucleotide microarray technology are the most widely
used techniques of transcriptomics studies in legumes. On
the other hand, comparative transcriptomics has provided
more information about plant's response to diverse stresses.
Thus, transcriptomics, together with other biotechnological
approaches helps in development of stress tolerance in
crops against the climate change. Study of transcriptomes
has a significant impact on all the facets of biological
sciences as it provides the ability to analyse differences in
gene expression of multiple mRNAs both quantitatively and
qualitatively (Tan et al. 2009). The key objectives of
transcriptomics are to catalogue all the transcripts including
mRNAs, noncoding RNAs and small RNAs to determine
transcriptional status of genes; to determine 5’end and
3’'end sites of genome, posttranscriptional modifications and
splicing patterns. Transcriptomics also aim to quantify the
modulations in gene expression levels during different stress
conditions and developmental stages (Wang et al. 2009). In
recent years, transcriptomics studies in cowpea for drought
tolerance are still limited.

Proteomics

Proteomics approach is used to investigate the responses of
plants to stresses as well as complexity of biochemical
processes (Ghosh and Xu, 2014; Gong et al., 2015). Plant
stress proteomics has the ability of identifying possible
candidate genes that can be used for the genetic
enhancement of plants against stresses (Rodziewicz et al.,
2014; Barkla et al., 2016). High throughput proteomics has
proved to be a powerful tool for the comprehensive
identification of drought-responsive proteins in other crops
(Mohammadi et al., 2012). However, proteomics research
has been reported widely in biotic studies in cowpea but
limited in drought tolerance studies. For instance, Villeth et
al. (2015) revealed that the results obtained by proteome,
transcriptome, and interactome approaches suggest that
oxidative  stress, ubiquitination, and glucosinolate
degradation may be part of cowpea CE 31 resistance
mechanisms in response to nematode infection.

Metabolomics

Studies of drought tolerance in cowpea have focused on
proline and ignored possible changes in other compatible
metabolites. However, there is increasing evidence that the
osmolytes that play major roles in stress tolerance are
specific to species and even varieties (Li et al., 2015; Obata
et al., 2015). Goufu et al. (2017) looked at individualizing
properties of osmotic adjustment vs. osmoprotection in
plants, using cowpea as the model species. They reported
that the physiological and metabolic changes developed in
parallel and drought/recovery responses showed a
progressive acclimation of the cowpea plant to stress. Of the
88 metabolites studied, proline, galactinol, and a quercetin
derivative responded the most to drought as highlighted by
multivariate analyses, and their correlations with vyield
indicated beneficial effects. These metabolites accumulated

1924

differently in roots, but similarly in leaves, suggesting a more
conservative strategy to cope with drought in the aerial
parts.

Conclusions

Cowpea is an important leguminous crop grown for human
and animal consumption in the tropics and subtropics of the
world. Its deep-rooted system and less water loss through
the stomata and its earliness in maturity are some of the key
factors that make cowpea adaptable to hostile
environments. Although cowpea has ability to withstand
harsh conditions, recurrent drought that occurs frequently
during the growing season alone causes substantial grain
and fodder yield losses of about 62% and 56%, respectively.
Breeding for drought tolerance remains the most feasible
and economical approach to drought management. Cowpea
breeders needs to continuously search for new sources of
drought tolerance. Germplasm screening using both
phenotypic and genotypic traits is important to identify
drought resilient breeding lines. Progress is hampered due
to the fact that drought is a complex trait controlled by
many genes and is affected by the environment.
Consequently, breeding for drought tolerance requires an
integration  of various knowledge systems and
methodologies from multiple plant science disciplines.
Success of drought tolerance depends on accumulation of
additive genes for drought tolerance, accurate control of
stress environments and the use of high throughput
selection methods to maximise selection gains. Recent
technologies such as High-throughput DNA technologies for
mutation breeding, NGS, GBS and genetic engineering
should be utilized for drought tolerance improvement in
cowpea.
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