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Cowpea (Vigna unguiculata L. Walp. L) is an important leguminous crop largely grown by smallholder farmers in sub-Saharan
Africa for food security and animal feed. The objective of this study was to review the production constraints and improvement
strategies of cowpea genotypes for drought tolerance. Data were analysed through use of literature review from various sources. In
sub-Saharan Africa, cowpeas are produced mainly from West Africa, which accounts for 60% of worldwide production. A lot of
pests and diseases affect cowpeas, and this often results in total crop loss. Through continuous improvement, many new cultivars
are continually being identified and genetically characterised, and it is thus necessary to evaluate these new lines under different
environments. There is a need for multidisciplinary collaborations among breeders and other relevant stakeholders such as farmer
and extension workers because the improved cultivars must be according to the farmers preferred traits. Due to declining rainfall
pattern in sub-Saharan Africa, there is an urgent requirement for cowpea breeding programmes that focus on developing varieties
with short maturity, drought, pest, and disease tolerance. The present review discusses the constraints and improvement strategies

of cowpea varieties for drought tolerance.

1. Introduction

Cowpea originated in Africa though the exact place of do-
mestication is not well known. Ethiopia, Central Africa,
Central and Southern Africa, and West Africa are considered
as possible centers of origin [1, 2]. Apart from nutrients,
cowpea has dietary fibre, antioxidants and polyunsaturated
fatty acids (PUFA), and polyphenols [2]. Thus, cowpea is a
very important crop in Africa. Information on the production
constraints and farmer’s views, perceptions, and variety
preferences in Zimbabwe are not yet fully documented.
However, Mujaju and Mazvimavi [3] assessed seed security in
the four most vulnerable districts in Zimbabwe. These four
districts were Mudzi, Binga, Buhera, and Mwenezi, which are
always prone to droughts. The results showed that farmers
need good quality drought-tolerant cultivars and that there is a
need for extension training on selection, grading, and post-
harvest management of good quality local and recycled seed.

2. Cowpea Production Worldwide

According to FAOSTAT (2017), cowpea was grown on an
estimated 11 million ha in Africa in 2017 with most of
production confined to West Africa (10.6 million ha), es-
pecially in Niger, Nigeria, Burkina Faso, Mali, and Senegal.
More than 7.4 million tons of cowpeas are produced
worldwide, with Africa producing nearly 5.2 million tons
(https://www.iita.org/cropsnew/cowpea/). According to
FAOSTAT (2017), over 87% of cowpeas are produced in
Africa. However, in South America, Brazil increased cowpea
cultivation and the country is now in third place in terms of
global production.

Nigeria is the largest producer and consumer of cowpeas
and accounts for 61% of the production in Africa and 58%
worldwide [4]. Fifty-two percent of Africa’s production of
cowpeas is used for food, 13% as animal feed, 10% for seeds,
9% for other uses, and 16% is wasted [4].
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3. Importance of Cowpea

Cowpea is mainly consumed as dry grain or fresh vege-
table.. The grain contains high protein, carbohydrate, vi-
tamins, and fibre [5]. In addition, it has low fat content,
which is important in the prevention of diverse metabolic
and cardiovascular diseases [6]. The amino acid and vi-
tamin profiles of the grain supplement those of cereals.
According to Hall [5], in the smallholder farming areas
where it is mainly grown, cowpea is the cheapest source of
protein. Cowpea has many beneficial uses as animal feed,
human consumption, and income generation (IITA, 2009).
In some cases, the pods are harvested when they are full-
sized, just before they dry out, and then the grains are
cooked and eaten as avegetable. The consumption of
cowpea as a fresh vegetable has rapidly increased in the
semi-arid zone of Africa especially Senegal [5, 7]. The early-
maturing cowpea varieties are important as they provide
food during the ravenous time of August and September,
before other crops such as pearl millet, sorghum, and other
landraces of cowpeas and peanuts are harvested in October
[5]. According to Hall [5], depending on the region, fresh
pods of cowpea cultivars have various names: in Kenya
(African green beans), Trinidad (beans), and Southeast
Asia (yard-long beans). The roughage is utilized as food for
animals during the long dry season in the semi-arid areas
and to fatten small ruminants in anticipation of different
celebrations [5]. Cowpeas are important also as they im-
prove the fertility of the soil in terms of nitrogen and
phosphate. Studies show that some cowpea cultivars pre-
vent the emergence of the seeds of Striga hermonthica,
which parasitizes pearl millet, sorghum, and maize [8].
Also, Lee and Thierfelder [9] noted that intercropping with
cowpea has been known to suppress and smother weeds in
dryland farming systems in the smallholder farming sector.
Other cowpea varieties have been observed to suppress the
populations of the nematode Scutellonema cavenessi, which
is a major pest of pearl millet, sorghum, and peanut in the
Sahel [5]. In some cropping systems, cowpeas can be used
as cover crops and these can suppress pests, many plant
pathogens including nematodes, and increase carbon se-
questration [10].

4. Constraints of Cowpea Production

Several biotic and abiotic factors such as insect pests,
diseases (fungal, viral and bacterial), poor soil fertility,
metal toxicity, and drought contribute to the reduction of
cowpea yield potential in sub-Saharan Africa [11-13].
Other factors contributing to low yield in sub-Saharan
Africa include lack of improved varieties that can with-
stand these stresses and lack of adequate production
practices and inputs needed for higher productivity and
profitability. This yield gap therefore can be bridged if
improved varieties and production practices are available
to farmers through participatory on-farm training and
evaluation with farmers [14]. Among the abiotic factors,
drought has been identified as a major limitation
restricting cowpea production in Southern Africa [12].
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5. Effect of Drought on Cowpea Production

Drought has been reported as a major constraint in semi-
arid tropics due to erratic rainfall in the beginning and
towards the end of the rainy season [15]. The crop is usually
subjected to drought stress in both seedling and terminal
growth stages, and this causes substantial reduction in grain
yield as well as biomass production. Drought conditions can
either be intermittent when they occur at one or more in-
tervals during the crops’ growing period or terminal when
there is progressive decrease in available soil moisture
content resulting in severe drought [16]. Iwuagwu et al. [17]
reported that the effects of drought vary and depend on the
intensity, developmental stage, and duration of stress as well
as the adaptive strategy that the plant possesses to tolerate
this stress. During the vegetative phase, water deficit causes
leaf and plant growth reduction, alteration in the process of
nutrient absorption due to low water availability in the
environment, increase in stomatal resistance, and ultimately,
a decrease in gaseous exchange between the environment
and the plant [12, 18]. Water stress leads to a decrease in
plant water content and turgor reduction and results in a
decrease in cellular expansion [17]. Thus, there is a need for
the establishment of effective breeding programs that can
develop high-yielding and well-adapted varieties for water
deficit conditions. Olajide et al. [15] noted that drought is
one of the most important abiotic constraints threatening
food security in the world. This is because the livelihoods of
African farmers depend on rain-fed agricultural systems that
are seriously affected during periods of severe drought; thus,
drought is a serious phenomenon in Africa [19].

6. Strategies Used to Mitigate Drought

Various adaptive measures are used by farmers to mitigate
the effects of drought. From a survey conducted in the
smallholder farming sector, Umdale et al. [20] observed that
most farmers preferred to change their cropping calendar to
adjusted planting or to use drought-tolerant crops to mit-
igate the impact of drought. Some farmers opt to cultivate
early maturing varieties as these are considered climate-
smart cultivars that can withstand terminal dry spell as well
as pests and diseases damage that regularly occur later in the
farming season [21]. The early-maturing cowpea cultivars in
the range of 55 and 60 days are ideal in agroecological zones
with short growing seasons. This is because they provide
food sooner than any other harvest, hence shortening the
hunger period [21]. According to Oxfam [22], farmers in
Zimbabwe have resorted to utilising various techniques to
mitigate drought. In marginal districts of the country,
farmers are resorting to drought-tolerant alternatives such as
indigenous crops like sorghum, pearl millet, cowpeas, and
groundnuts. Farmers firmly believe that these crops are
suited to dry conditions. Farmers are additionally planting a
combination of crops and varieties to minimize risk. This
limits crop failure as some varieties are likely to yield sig-
nificantly even under low moisture conditions. Finally, in
some instances, during dry spell years, farmers might be
compelled to replant multiple times [22]. However, this
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coping strategy has the disadvantage of farmers failing to
access sufficient seed on time as well as subjecting the crops
to less moisture.

7. Vegetative-Stage Drought Resistance

Research has shown that cowpeas possess considerable re-
sistance to vegetative-stage drought in California [23]. When
cowpea seeds were planted in a soil profile with enough
water to allow germination and emergence, they survived for
43 days under very hot dry summer conditions with no rain,
but were badly stunted. This endurance of vegetative-stage
drought was due to increased leaf water retention in cowpea
than pearl millet [24]. Cowpeas exhibit little changes in leaf
water and osmotic potential when exposed to drought [25].
Cowpeas also have stomata that are very sensitive to soil
drying, partially closing before any changes in leaf water
potential are detected [25]. When cowpea plants are sub-
jected to drought in field conditions, their leaves do not dry
out but are arranged vertically following the sun in a way
that limits the exposure of solar radiation [26]. These
mechanisms add to the capacity of cowpeas to withstand
extraordinary vegetative-stage drought that kills most al-
ternative crop plants. A screening method to test for the
endurance of drought at the seedling stage was developed
that uses a shallow soil layer in boxes [27]. When 190
cowpea-breeding lines from the International Institute of
Tropical Agriculture (IITA) were screened with this tech-
nique, only 22% were found to be susceptible to drought.
This showed that most current cowpea lines might have
resistance to vegetative-stage drought. Inheritance studies
indicated that susceptibility was due to a single recessive
gene [27]. Studies show that cowpeas endure seedling-stage
drought longer than any other single crop species tried
including lablab beans, bambara groundnuts, peanuts, pearl
millet, sorghum, green gram, dark gram, maize, and soy-
beans [5]. Hall [5] however reported that there are two
conditions where the resistance of cowpeas to vegetative-
stage drought is not viable. The first condition is when the
cowpea plants are contaminated with a soil-borne disease
called ashy stem blight disease (Macrophomina phaseolina).
This is because the resistance of cowpeas to vegetative-stage
drought breaks down and the plants die. This disease or-
ganism is widespread and causes severe damage to cowpea
developing in the hot, dry soil conditions that frequently
happen in the semi-arid zone and Botswana. The second
condition is when the cowpea plants have been attacked by
the lesser cornstalk borer (Elasmopalpus lignosellus).
Infested plants were killed during drought while plants in
well-watered treatments survived.

8. Coping with Mid-Season Drought

There are various studies that have been carried out with
respect to resistance to mid-season drought [5, 28-30]. An
example, line 58-57, was chosen from a landrace growing
around the Senegal River that flower at 41 days after sowing
and reaches maturity in 75 days [31]. Goufo et al. [6] in-
vestigated osmo-adaptation in leaves and roots using

photosynthetic traits, water homeostasis, inorganic ions, and
primary and secondary metabolites. The results showed the
assignment of high amounts of amino acids, sugars, and
proanthocyanidins into roots that were assumed to be linked
to growth and initial stress adaptation. Out of the 88 me-
tabolites studied, proline, galactinol, and quercetin deriva-
tive responded most to drought. These metabolites
accumulated in roots, which suggests a more conservative
strategy to cope with drought in the aerial parts [6].

9. Use of Multiple Cowpea Cultivars

In regions where rainfall is variable and irregular dry spells, a
single type of cowpea cultivar is not ideal, as it does not meet
the needs of farmers. It is consequently critical to raise
multiple kinds of cultivars with the goal that farmers grow at
least two types every year to enhance the chances of sig-
nificant grain and hay production [32]. Early-maturing
varieties that have been developed such as Ein El Gazal,
which matures in 60 days from planting, can escape from
late-season dry spell and furthermore have protection from
vegetative-stage dry spell [33]. However, even though the
early erect cultivars provide useful food during the hunger
period, they are prone to midseason drought and produce
little hay. Spreading cultivars like 58-57 with a medium-
cycle of 75 days also have significant protection from
midseason and vegetative-stage drought [32]. The disad-
vantage with these varieties is that they produce grain and
hay only when the season is short. Ibitoye [16] observed that
crosses TVu6707 x TVU9797, TVu9693 x TVu7778, and
TVu9693 x TVu9797 had more grain yield and seeds per pod
and were drought tolerant. A comparison was made between
varietal intercrops consisting of alternating rows of extra-
early erect cultivars and medium-cycle spreading cultivars
with sole crops of the same cultivars within the semi-arid
zone of Senegal [34]. The varietal intercrops made extra
grain and roughage under dry conditions with infertile soil
and were more stable than any of the sole crops of cowpeas
that were tested. In screening for drought tolerance at the
seedling stage for 23 cowpea varieties, Muhammad et al. [35]
observed that five varieties, Kanannado, Danila, IT07K-297-
13, ITO3K-378-4, and Aloka local, were highly tolerant to
drought. In an analysis to distinguish morpho-physiological
parameters for selecting drought-tolerant cowpea varieties,
it was found out that Danila was the most tolerant variety
[36]. When there is a mid-season drought, the early ma-
turing cultivar becomes stunted while the medium-cycle
spreading cultivar grows and yields more when inter-
cropped. When the rainy season is short, it has been ob-
served that the early maturing cultivars produce a lot of
grain, while the medium-cycle spreading cultivars produce a
lot of hay but with little grain in the intercrop [34]. Nadeem
et al,, [37] observed that root length, fibrous root system,
density, and rooting depth are promising factors that are
useful for screening genotypes for drought stress tolerance.
Duc et al. [38] highlighted that early flowering; pod for-
mation and maturity are mechanisms that are very useful in
mass screening. An early erect cultivar that matures in 60-65
days, Vuli-1, was developed for short rains in Tanzania [39].



However, the major disadvantages of these extra-early erect
cowpea cultivars are that they must be planted at close
spacing, they produce next to no roughage and they can be
wiped out by a late-season drought [34].

10. Genetic Diversity in Cowpeas Based on
Molecular Markers

Genetic diversity refers to the differences of heritable
qualities present in a population of one species, and it is an
important aspect that serves as a way for populations to
adapt to changing environments [40]. When there is more
variation, some individuals in a population will have vari-
ations of alleles that are adapted to a particular condition.
Wamalwa et al. [41] evaluated genetic diversity from 19
accessions of cowpeas from the national genebank of Kenya.
The accessions clustered into two major groups, namely,
Ethiopian and Australian. These cowpea accessions showed
high levels of divergence to the accessions from Western
Kenya. From this evaluation, diversity is important as it can
be used to improve other existing cowpeas accession
through further selection and breeding. According to
Nadeem et al. [42] molecular markers are nucleotide se-
quences that are investigated through the polymorphism
present between the nucleotide sequences of different in-
dividuals. Molecular markers are classified into various
groups based on (1) mode of gene action (co-dominant or
dominant markers), (2) method of detection (hybridization-
based molecular markers or polymerase chain reaction-
(PCR-)) based markers, and (3) mode of transmission
(paternal organelle inheritance, maternal organelle inheri-
tance, biparental nuclear inheritance, or maternal nuclear
inheritance). These markers are widely used because of their
high prevalence and expression in different stages of the
organisms [43]. Batieno et al. [44] noted that markers based
on single nucleotide polymorphisms (SNPs) are increasingly
being used in molecular genetics in recent years. This is due
to their abundance in the genomes and their amenability for
high-throughput detection and automation in many geno-
typing platforms [45]. Among these platforms is the LGC
genomics’, United Kingdom, that provides DNA sequence
data to scientists using Kompetitive Allele-Specific PCR
(KASP). SNP markers are progressively being employed for
a large number of genetic as well as diversity studies. Such
studies are reported in pea [46], cowpea [29, 47], and cassava
[48]. SNPs provide a large number of markers to be used in
diversity studies or marker-assisted breeding. SNPs are co-
dominant markers, and they are most often linked to genes.
Thus, they are the foremost enticing genetic markers in
genetic studies [49]. The use of SNPs might also facilitate
clustering of germplasm that help breeders to have en-
lightened alternatives of parents for breeding functions. SNP
markers, therefore, facilitate decision making once the
varijability within the germplasm is identified. Alghamdi
et al. [50] used sequence-related amplified polymorphisms
(SRAPs) markers to assess genetic variability in seven
cowpea landraces using seed storage proteins. Igwe et al. [51]
used intersimple sequence repeat (ISSR) and start codon-
targeted (SCoT) polymorphic markers to assess the genetic
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diversity in eighteen Vigna unguiculata L. (Walp) accessions.
Mafakheri et al. [52] characterised 32 cowpea genotypes for
molecular markers using a set of 22 Simple Sequence Repeat
(SSR) primer pairs. In their study, 186 alleles were detected
with an average of 2 alleles for each locus, and genetic
distance between genotypes was estimated at 0.0066. Xiong
etal. [53] observed that the level of genetic diversity tends to
have a positive correlation with the geographic origin from
which the accessions were collected. In their study of genetic
diversity and population structure of 768 cowpea types from
56 countries, Xiong et al. [53] found that there was high
genetic diversity of accessions from South and West Africa,
which had seven and eight countries, respectively. Similarly,
the lowest genetic diversity of accessions was from Europe
with only two countries. In analyzing genetic diversity of 370
landraces, Fatokun et al. [54] observed that cluster one had
115 accessions from the largest number of countries and
thus the highest genetic diversity, heterozygosity, and
polymorphic information content. Recently, one of the other
platforms being used for genetic studies is Diversity Arrays
Technology, Australia (DArTseq™), that produces SNPs at
relatively lower costs. DArTseq™ provides a good choice as a
high-throughput marker genotyping platform that can de-
velop a relatively large number of polymorphic markers to
build dense genetic maps with low-cost investments (http://
www.diversityarrays.com/). The use of high-density genetic
maps based on DArTseq™ technology increases the power of
quantitative trait loci (QTL) detection. Also, DArTseq™
technology is ideal for polypoid species as well as the rapid
development of any genome. As a result, DArTseq™-derived
markers are currently used in more than 400 species (http://
www.diversityarrays.com/), mainly for crops with non-
sequenced genomes. Several researchers have used DArTseq™
technology to investigate genetic diversity across different crop
species. Killian et al. [55] applied DArTseq™ technology to
pineapple to understand the genetic relationships between the
genotypes. SNP markers were used in the characterization of
113 cowpea accessions from Ghana and abroad [47]. The
results revealed 477 SNPs, out of which 458 were polymorphic.
Fatokun et al. [54] used genotyping by sequencing on 298 lines
from the loosely composed mini core collection of 370
landraces in cowpeas to assess genetic diversity and population
structure. The study revealed three different clusters.

11. Molecular Breeding in Cowpeas for
Drought Tolerance

Agbicodo et al. [28] noted that two important different
methods could be used to identify genes that are tolerant to
drought in cowpea. One of the methodologies would be to
identify candidate genes related to drought tolerance from
previous research in cowpea and other related crops. An-
other and regularly utilized methodology is to recognize
differential expression of mRNAs in drought stressed
compared with control plants. Shimelis and Horn [56] also
used another approach of optimal cycle lengths determi-
nation to identify genes that are tolerant to drought in
cowpea. In cowpea studies, several successful attempts have
been made to construct genetic maps throughout the use of
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SNPs and other markers. Muchero et al. [57] constructed a
genetic map of seven populations of cowpea recombinant
inbred lines (RILs) based on SNPs. Consensus genetic
linkage maps give a genomic framework for quantitative
attribute loci identification, map-based cloning, assessment
of genetic diversity, and association mapping and applied
breeding in marker-assisted selection schemes. Consensus
genetic linkage maps give a genomic framework for quan-
titative attribute loci identification, map-based cloning, as-
sessment of genetic diversity, association mapping, and
applied breeding in marker-assisted selection schemes. In
crops such as cowpea (2n=2 x=22) with limited genomic
data, the use of transcript-derived SNPs in genetic maps
provides opportunities for automated genotyping and es-
timation of genome structure based on chromosome anal-
ysis. Muchero et al. [58] further reports that SNP mining
from 183,118 ESTs sequenced from 17 c¢DNA libraries
yielded 10,000 high-confidence SNPs from which an Illu-
mina 1,536-SNP Golden Gate genotyping array was devel-
oped and applied to 741 recombinant inbred lines from six
mapping populations. Approximately 90% of the SNPs were
technically successful, providing 1,375 dependable markers.
Of these, 928 were incorporated into a consensus genetic
map spanning 680 cM with 11 linkage groups and a median
marker distance of 0.73 cM. Pan et al., [59] identified 34,868
SNPs that were distributed in the cowpea genome based on
the (restriction-site associated DNA sequencing) technique
using a population of 170 accessions developed from two
cowpea bi-parental crosses. Of these, 17,996 reliable SNPs
were assigned to 11 consensus linkage groups (LGs). The
length of the genetic map was 1,194.25cM in total with a
mean distance of 0.066 cM/SNP marker locus. Using this
map and the F2:3 population, combined with the CIM
(composite interval mapping) method, eleven quantitative
trait loci (QTL) of the yield-related trait were detected on
seven LGs (LG4, 5, 6, 7, 9, 10, and 11) in cowpea. Such
characterization of molecular markers can greatly aid
breeders in marker-assisted cowpea breeding and
improvement.

12. Association Mapping in Cowpeas for
Drought Tolerance

For effective selection in cowpea, it is imperative to have
knowledge of genetic variability and estimate character
association and heritability of important agronomic traits.
These estimates are important and help in the design of
selection strategies for cowpea breeding programs. Muchero
et al. [58] used Kruskall-Wallis and multipleQTL model
mapping to assess the QTL that is associated with drought
response phenotypes. Ravembola et al. [60] used genome-
wide association studies (GWAS) to identify SNPs that were
associated with various tolerance index traits including
drought. The results indicated that the number of significant
SNPs differed among the tolerance index traits. The highest
number of SNP markers was for grain yield, indicating that a
large number of loci contributed to high yield in cowpea
genotypes subjected to low moisture levels. Kouam et al. [61]
studied character associations, phenotypic and genotypic

divergence for yield and yield-related quantitative traits
among 30 cowpea landraces in Cameroon. The results in-
dicated that broad sense heritability was high with 20 traits
out of 25 having heritability values greater than 70%. The
highest heritability was for 100 seed weight (98.15%) and the
lowest for shoot weight (41.38%). At a 0.05 probability level,
grain yield correlated significantly with 21 out of the 24 other
quantitative traits. In cowpea, besides drought, salinity has
also become an increasing threat to production, and Rav-
elombola et al. [62] identified SNPs associated with salt
tolerance at germination and seedling stages. A total of 1049
SNPs postulated from genotyping-by-sequencing were used
for association analysis. Three SNPs were highly associated
with salt tolerance at the germination stage, while seven
SNPs were found to be associated with salt tolerance at
seedling stage. These markers can be applied as a tool for
selecting salt-tolerant lines to be included in breeding
programs of this crop.

13. Farmer-Extension Participation in Breeding
and Adoption of New Technologies

Smallholder farmers both in Zimbabwe and in South Africa
face many challenges in the production of legumes such as
cowpea; one of them is their low yield. It has been suggested
that farmers’ participation in the early stages of any breeding
program can contribute to the acceptance and adoption of
new improved cultivars [63] as their needs and expectations
will likely be met. Other participatory studies conducted in
cowpea revealed that farmers’ participation in varietal se-
lection could improve the effectiveness and efficiency of the
selection process given that farmers’ selection intensity was
similar to that of the breeders [64]. Interaction and col-
laboration between farmers and researchers is important as
it takes into consideration farmers’ perceptions on the major
constraints affecting crop production as well as their pref-
erences on the crop traits and cultivars. Ngaka and Zwane
[65] concur that surveys in agriculture are important in
assisting decision-makers in future planning to strengthen
extension and advisory services. Extension services are one
of the policy instruments that can be used to solve the food
insecurity challenges.

The active involvement of farmers is important in the
understanding of underlying decision-making factors for
farmers to adopt or not-to-adopt agricultural innovations.
Maruzani [66] carried out a survey to assess problems faced
by rural women in the Buhera District of Manicaland South
Province of Zimbabwe. The study showed that poverty
resulting from the depletion of natural resources and gender
inequality were the underlying causes of the problems that
rural women face. Mubaiwa et al. [67] surveyed seven
districts in semi-arid regions of rural Zimbabwe to gather
knowledge on current production and utilization of Bam-
bara groundnut, to assess its role in providing sustainable
food and nutrition security for rural populations, and to
determine priorities. The survey was carried out in Uzumba,
Binga, Buhera, Mudzi, Pfungwe, Lower Gweru, and Bikita.
Farmers in these districts use various processing techniques
among them boiling, soaking, roasting, and milling.



Masegela and Oluwatayo [68] evaluated value chain map-
ping and marketing efficiency of smallholder cowpea
farmers in Capricorn and Waterberg districts of Limpopo
province in South Africa. The study revealed that 66% of the
smallholder cowpea farmers were market efficient and 34%
were market inefficient. It was also revealed that women
were more involved in cowpea production than men were.
Maseko et al. [69] assessed production and utilization in
South Africa of African leafy vegetables. The assessment
revealed that there is a lack of suitable production systems,
innovative processing, and value-adding techniques that
promote the utilization of African leafy vegetables. It was
also observed that African leafy vegetables are food for the
poor among the youth and urban folks, while, among the
affluent, they are highly regarded as being nutritious.

Technologies that do not meet farmers’ preferences,
objectives, and conditions are less likely to be adopted [70].
Farmers are more likely to assess a technology with criteria
and objectives that are different from criteria used by sci-
entists. However, farmers’ and scientists’ criteria for tech-
nology assessment are complementary and essential for
effective research and technology development. Acceptance
of the technology as a new farming method in the com-
munity will have an impact on its continued promotion and
existence in the community. In this context, participation is
crucial. Participatory research is crucial as it allows the
incorporation of farmers’ indigenous technical knowledge,
identification of farmers’ criteria and choices, and definition
of research agenda. There is a need to train farmers on new
technology and innovations to improve their appreciation of
the methods, more so in areas where farmers have limited
opportunities [71].

Extension information is very vital and needs to be
carefully disseminated in a way that is well understood by
even those with little formal education. Thompson et al. [72]
evaluated producers’ perspectives of four key precision
agriculture technologies (variable-rate fertilizer application,
precision soil sampling, guidance, and auto-steer, and yield
monitoring) in terms of the benefits they provide to their
farms. The results indicated that farmers’ perceptions of the
benefits derived from various precision agriculture tech-
nologies were diverse. Most farmers reported the benefits to
be yield improvement or cost reduction. The reason for
differing perceptions was that farmers need information and
benefits that accrue from the adoption of a technology to use.
Maredia et al. [73] evaluated farmer perception in seed
quality in bean and seed auctions in Tanzania and Ghana.
The study concluded that there was a need to increase the
availability of qualitatively better-performing seed that is
affordable to smallholder farmers. It was also observed that
there is a need to lower the cost of producing higher quality
certified seed so that more farmers have access to the seed as
this helps to have a more vibrant seed system. So, by in-
tegrating farmers’ concerns and conditions into agricultural
research, the developed technologies may be widely adopted,
resulting in more productive, stable, equitable, and sus-
tainable agriculture. Further, understanding farmers’ pref-
erences is important for the successful adoption of improved
varieties.
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14. Conclusion

Cowpea is a drought-tolerant legume crop widely grown for
food, fodder, and vegetable by smallholder farmers in sub-
Saharan Africa and other warm-hot regions of the world
with limited rainfall. Its productivity is mainly affected by
biotic and abiotic stresses. Even though it is an important
crop, there has been very limited progress achieved in
breeding against these stress factors through conventional
breeding. Research and development of improved cowpea
cultivars must lead to increased production in diverse
agroecological environments. The use of next-generation
sequencing techniques (NGS) has, however, greatly revo-
lutionized plant breeding. These technologies allow for the
sequencing of cowpea DNA more quickly and cheaply thus
saving costs for breeders. There is a need for multidisci-
plinary collaborations among breeders and other relevant
stakeholders such as farmers and extension workers. This is
because the improved cultivars must be according to the
farmer’s preferred traits. Due to the declining rainfall pattern
in sub Saharan Africa, there is an urgent requirement for
different cowpea breeding programs that focus on devel-
oping varieties with short maturity, drought, pest, and
disease tolerance.
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