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ABSTRACT

Cowpea (Vigna unguiculata L. Walp) plays a crucial role in in the health of both
humans and animals by providing a rich source of protein especially for those in rural
developing areas. However, its production is limited because of lack of seeds due to
cowpea bruchid investation. Cowpea bruchid Callosobruchus rhodensianus (F.)
(Coleoptera: Chrysomelidae) is one of the major pests of stored cowpea seeds, and it
can render the seeds useless if not managed. There are various measures to control
this pest, one of which is the host plant resistance which is regarded as the most
efficient sustainable measure. The objective was to screen ten elite cowpea genotypes
obtained from the University of Limpopo germplasm collection for bruchid resistance.
The experiment was carried out at the University of Limpopo Plant Production
Laboratory. Four pairs of bruchids were infested into batches of ten seeds of each
genotype using a completely randomized design (CRD) with six replications and data
were collected for 60 days. The variables measured included initial seed weight (g)
(ISW), residual seed weight (g) (RSW), seed weight loss (%) (SWL), number of eggs
(NE), seed damage (%) (SD), adult emergence (%) (AE), number of days to insect
emergence (days) (NIE), total development time (days) (TDT) and mean development
time (days) (MDT). Results show that significant differences (P<0.05) were observed
for ISW, RSW, SWL, and MDT; and the findings of this study further indicated a
deviation in adult emergence, with a total development time of 39.50-46.50 days.
AYT205A, AYT205B, AYT208B, AYT210B, AYT211A, AYT211B, AYT302A,
AYT310B and CB-24J’burg exhibited longer developmental periods, which implies that
they are promising lines and can be recommended to smallholder farmers with limited
access to high-quality storage facilities. It is essential that further research work be
done on these genotypes on the mechanisms of resistance and to identify factors
responsible for bruchid vulnerability on cowpea.



CHAPTER 1: GENERAL INTRODUCTION
1.1. Background

Cowpea (Vigna unguiculata (L.) Walp) is the provider and cheapest source of plant
protein (Asiwe 2022), particularly in rural developing areas where it may be difficult to
afford other supplies of proteins. This abundant protein contributes largely to human
health and diet (Akyaw et al., 2014). Cowpea is an economically valuable crop grown
in semi-arid areas of Africa mainly as a food crop for human and animal feed (Xiong
et al., 2016). Given that it contains lysine, a crucial amino acid that is missing from
most cereal grains, cowpeas are a natural complement to cereals (Jayathilake et al.,
2018). Even though it plays such a major role in agriculture and in the lives of both
people and animals, the lack of improved varieties with insect pest resistance and high
yield as well as viable seeds for planting had led to the low yield potential of cowpea
in South Africa (Asiwe et al., 2020 a & b).

Asiwe et al., (2020 a & b) further reported that factors such as drought, weeds, insect
pests, and diseases also contributed to limited production. Insect pests such as
cowpea aphids, pod suckers, blister beetle, and cowpea bruchid cause considerable
damage to cowpea yield and quality (Asiwe and Letsoalo, 2018). The insect damage
to cowpea is one of the problems in regions producing cowpea, where bruchid
constitutes a major post-harvest insect pest in some parts of the tropics (Ndong et al.,
2012). Cowpea beetle (Callosobruchus rhodensianus) causes damage to cowpea
during storage and causes seed quality to deteriorate rendering it non-fit for human
consumption, and reducing the seed’s marketability, and viability (Asiwe and Letsoalo,
2018; Asiwe, 2022).

The infestation of bruchid on cowpea seeds first appears in the field before harvesting
and the infestation is transferred into the storage where the population grows rapidly
causing holes in cowpea seeds, thus reducing the germination along with the market
worth (Lattanzio et al., 2005; Asiwe and Letsoalo, 2018). The C. rhodensianus has
four life stages. An individual female lays between 100 and 150 eggs over its existence
(Asiwe and Letsoalo, 2018). The egg hatches within a week resulting in the penetration
of the larvae into the seeds after about four days, where it feeds and pupates. The
larval stage is the most critical phase since adult cowpea weevils do not feed on the
seed. The adult punctures the seed coat before emerging from the seed, creating exit



holes in it (Beck and Blumer, 2014; Asiwe and Letsoalo, 2018, Asiwe et al., 2020b).
The damage caused by bruchid on cowpea also affects the quality of the seed making

it unfit for planting or consumption by humans (Opolota et al., 2006; Asiwe, 2022).

A variety of management strategies are available, and this includes synthetic
pesticides which are often employed to control bruchids. However, it has endangered
non-targeted species, causing plenty of health and environmental issues, including
insect pest resistance and residues in food (Malaikozhundan and Vinodhini, 2017;
Mahmud, 2018). Other control measures include multiple bagging (Amadou et al.,
2016), which is not sustainable in the context of commercial seed storage. The
biological control option of bruchid, although environment-friendly but has low
efficiency and effectiveness because the biocontrol agent Dinarmus basalis (Rondani)
in the field is affected by insecticides and extremely low temperatures during winter.
These disturb the population dynamics of the biological control agents in the field
(Yamane, 2013). Given the above, there is a dire need to look for more effective, safe,
and environment-friendly tactics to control cowpea bruchid (Viegar Jr., 2003; Trevisan
et al., 2006). Such tactics include host-plant resistance which enables the screening

of germplasm to identify bruchid-resistant accessions.

1.2. Problem Statement

Cowpea suffers a lot of injury by insects during storage, bruchid, the main post-harvest
insect pest (Asiwe and Letsoalo, 2018). Because of pest damage and a shortage of
pest-resistant genotypes, the cultivation of cowpea in South Africa is constrained.
According to Negbenebor and Nura (2020), several methods can be used to keep
bruchids from destroying preserved cowpea such as the use of synthetic chemicals.
But these chemicals may pose a threat to the environment and food products. Other
control tactics include multiple bagging (Amadou et al., 2016) which is not sustainable
in the context of commercial seed storage, as well as the use of biocontrol agent
Dinarmus basalis (Rondani) which is environmentally friendly but has limited efficiency
and effectiveness for control of bruchids since it is affected in the field by insecticide
treatments and extremely cold temperatures during the winter. These affect the
population dynamics of the biological control agents in the field (Yamane, 2013).
Therefore, these problems led to the development of much safer and eco-friendly
methods of controlling cowpea bruchids, such as host plant resistance (HPR)

screening.



The host plant resistance strategy is important because it is readily adopted by
farmers, and it compactible with other control methods. Although HPR is long-lasting,
it is limited in its application due to the lack of resistant genotypes that can be used to
establish adaptable and durable resistance (Asiwe and Letsoalo, 2018). Antibiosis,
antixenosis, and tolerance are modalities of crop resistance (Painter, 1951), employed
by crops to defend against insect pests. Antibiosis is a modality of resistance that
interferes with the developmental process of the pest either by slowing down its
growth, fecundity or increasing their mortality (Painter, 1951; Smith, 2005), whereas
antixenosis, also known as non-preference, is a trait that host plant possesses to
discourage the insects from using it for oviposition, shelter or feeding (Painter, 1951).
Tolerance is known to minimize the detrimental impacts of insects on the overall
viability without interfering with the physiology or behaviour of the insect pest (Jackai
and Singh, 1988, Panda and Khush, 1995; Smith, 2005). The scope of this study was
only limited to the tolerance mode of resistance (Jackai and Singh, 1988; Asiwe and
Letsoalo, 2018).

Many improved elite cowpea genotypes have been developed at the University of
Limpopo, but these genotypes have not been screened for bruchid resistance.
According to Messina and Renwick (1985) and Chanbang et al., (2008), the suitability
of seeds for oviposition can be determined by their physical properties, which may or
may not be related to the seed’s antibiotic nature. The selected genotypes for this
study differ in terms of texture, size, and shape, therefore, screening these elite
genotypes is important to ascertain their resistance to cowpea bruchid. The screening
will also be essential in saving farmers’ cost of production since some preservation
methods like chemical means can be expensive and can also pose a threat to the

environment.

1.3. Rationale

Cowpea is a significant grain legume crop. Many African countries use this crop as a
green vegetable as well as a source of dietary protein. Its use as food is aimed at
improving food security and reducing malnutrition, especially in rural regions
(Kpoviessi et al., 2019; Asiwe et al., 2020 a & b). It does not only provide food but can
form a symbiotic relationship with soil microorganisms to fix atmospheric nitrogen
(Belane et al., 2011), thus reducing the farmer’s dependence on nitrogen synthetic

fertilizers. Cowpeas provide a source of income for millions of people in Sub-Saharan
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Africa, thus ensuring a reduction in food insecurities (Asiwe and Maimela 2020, Asiwe
and Nkuna, 2021). It also reduces malnutrition among poor farmers and families that

are not resourceful (Kamara et al., 2018; Asiwe et al., 2020b).

Although cowpea plays a significant part in the livelihoods of most farmers, bruchids
pose a serious threat to the quality and viability of seeds while in storage (Ndong et
al., 2012). The threat posed by bruchids to food security and nutrition is severe, given
the fact that varieties that escaped damage by field insect pests such as aphids,
defoliators, and pod-sucking bugs could be vulnerable to bruchid damage in storage.
Bruchid is considered a major post-harvest insect pest, and its presence can cause
about 60% vyield loss (Asiwe and Letsoalo, 2018), and this can lead to serious
economic loss to traders and consumers (Ogunkanmi et al., 2018). Therefore,
screening of elite cowpea genotypes for bruchid resistance will provide information
about their response to bruchid infestation which will provide an informed decision for
their deployment in the development of new germplasm. In addition, promising
genotypes will be identified and recommended for farmer’s cultivation. This will reduce
their costs in the use of Gastoxin or fumigant to protect their seeds in storage and
increase their potential to make a profit.

1.4. Purpose of the Study
1.4.1. Aim

Characterization of elite cowpea genotypes for bruchid (C. rhodensianus) resistance.

1.4.2. Objective

To screen ten elite cowpea genotypes for bruchid resistance.

1.4.3. Hypothesis

The resistance of 10 elite cowpea genotypes to bruchid does not differ.



CHAPTER 2: LITERATURE REVIEW

2.1. The History of Cowpea

Cowpea (Vigna unguiculata) is an indigenous crop utilised largely for direct
consumption, animal feeds, and as a cover crop around the world. It is an annual
leguminous crop from the Fabaceae or Leguminosae Family (Dumet et al., 2008).
According to Singh, (2005) cowpea has a lot of diversity throughout Africa and Asia;
however, the exact origin of cowpea has been a source of debate. Cowpeas in Asia
were found to be more diverse and morphologically distinct than those in Africa,
according to early findings. As a result, the cowpea’s origin was assumed to be in both
Asia and Africa. However, the lack of wild cowpea as promising progenitors in Asia
has raised doubts about its Asian origin. As a result, this led to all current evidence
suggesting Southern Africa as the place of origin of cowpea, despite the challenges of
pinpointing exactly where in Africa the crop was initially introduced. Most studies have
recently shown that the highest genotype of wild species of cowpea have been
discovered in Botswana, Namibia, Mozambique, Zimbabwe, as well as South Africa
(Padulosi, 1987; Pandulosi et al., 1990).

2.2. Cowpea Usages

Cowpea contributes significantly to human health and nutrition. It provides animal
feed, along with green manure and cover crops that help to sustain soil fertility (Alemu
et al., 2016). It is very important in the agricultural system because of its proficiency to
fix atmospheric nitrogen, which can counteract the nitrogen loss caused by cereals.
Cowpea can grow well even in poor soils and can as well help in suppressing weed
growth. The crop’s tolerance to drought makes it a securing food genus in tropical
environment (Bilatu et al., 2012; Alemu et al., 2016; Belay et al., 2017). Farmers
frequently sell cowpea grains and leaves in local markets, making cowpea a valuable
source of income (Alemu et al., 2016). The crop is one of the most extensively
cultivated leguminous plants in almost every regional marketplace, particularly within
Africa. Purchasing of cowpea, according to Ngalamu et al. (2015), gives both rural and
urban people, notably women, the opportunity to earn some money. Despite its
significance, the production of cowpea in South Africa is insufficient due to possible

restrictions.



2.3. Production Constraints of Cowpea

Cowpea yields are low, particularly in Africa, with grain productivity of about 500 kg/ha
(FAOSTAT, 2016). Legumes have historically received little interest from research and
breeding programs due to their status as "orphan crops” (Ojiewo et al., 2018). Drought
and other biotic strains such as weeds, diseases, along with insects are some of the
constituents contributing to low production of cowpea (Saka et al., 2018), with insect
pest infestation as one of the most significant issues in the production of this crop.
Cowpea in Sub-Saharan Africa contributes for almost 70% of annual output, although
it is impeded by post-harvest losses caused by storage insect pests (IITA, 2010).
South African farmers, particularly the smallholder farmers have several difficulties
while growing legumes like cowpea, one of which is low yield. Farmers' involvement
in any breeding effort has been indicated as a factor in recognition and adoption of
new enhanced cultivars (Franzel et al., 1995), as their requirements and expectations
are likely to be realized. According to Asiwe et al. (2020 a & b), research on cowpea
production has been ignored for the past three decades in South Africa and this was
due to lack of improved varieties and limited breeding works which was because of
insufficient funding. Other factors that contributed to the lack of cowpea production in
South Africa were the lack of veritable seeds for planting as well as minimal returns to

farmers which might have resulted due to crop failure.

2.4. The Effects of Cowpea Insects

Cowpea has a diverse pest population, with the pest species adapted to every section
of the plant. While the pest level of various insects may range from nation to nation,
deficits observed imply that any one major cowpea pest might trigger substantial
economic loss if left unmanaged (Jackai and Daoust, 1986). Reduced yields of the
African cowpea crop mainly result due to insects, affecting every tissue component
and stage of development of the plant (Jackai and Daoust, 1986). Insects cause a
severe damage on cowpea, in the field and after harvest once seeds are preserved.
The production loss of cowpea triggered by insects is dependent on location, year,
and cultivar; and can reach up to 95% (Carlos, 2000). Aphids are the main pests during
a developmental stage in the field while bruchids are regarded as the major storage
pests. Stored cowpeas in West Africa suffer major losses due to Bruchids
(Callosobruchus maculatus) and infestation of these insects start at a low level in the

field, whereby its population continues to escalate during storage until the cowpea is



entirely damaged (Profit, 1997). According to Ntoukam et al., (2000), Bruchidius
atrolineatus is another bruchid pest of cowpea mostly responsible for losses during

harvest, and which do not multiply in storage.

2.5. Origin, Distribution, And Biology of Bruchid

The beetle Callosobruchus rhodensianus is a member of the Chrysomelidae family
(Kergoat et al., 2008). This pest is found all over the world and the species is believed
to have evolved in Africa and then expanded to areas around the globe (Beck and
Blumer, 2014). Cowpea beetle (Callosobruchus rhodensianus) is a major insect of
legumes in the field as well as storage. Crop infestation begins in the farm (Prevett,
1961), with nearly all of the loss occurring in storage. Bruchid insect has four life
stages, and an individual female lays roughly 100 eggs during its lifetime. When an
egg hatches, the larva bores into the seed and pupates. Before emerging, the adult
punctures the seed coat, allowing it to emerge from the seed (Beck and Blumer, 2014).
On cowpeas, bruchid is the most harmful, causing yield reductions of up to 90%
(Caswell, 1981). Cowpea bruchid populations can increase exponentially, resulting in
severe losses in seed weight, viability, and crop revenue of a susceptible (Singh, 1977;
Southgate,1979; Beck and Blumer, 2014).

2.6. The Effects of Bruchid on Cowpea

In storage, cowpea is highly vulnerable to many kinds of Bruchidae insects. Every 3-
4 weeks, a female bruchid can multiply twenty times and within 2-3 months, harvested
cowpea grains with a light infection may have a high outbreak (Carlos, 2000).
Perforation by the pests results in significant quantitative and qualitative losses,
limiting the utility and thus, rendering the seeds unsuitable for sowing or human
utilization (Ali et al., 2004). Callosobruchus rhodensianus is the main grain storage
pest and losses and deterioration of quality caused by this insect make it difficult for
developing countries to attain food security. Poor seed germination, holes in the
seeds, nutrient losses, molds, insect-fragment contamination, and excreta are some
of the damages caused by this insect pest (lleke, 2011). The use of synthetic chemical
insecticides to protect the seeds has resulted in the poisoning of the cowpea seed,
people as well as the environment (FAO, 1992). This has prompted the quest for
alternative agricultural and environmental management strategies, such as the usage

of resistant cultivars.



2.7. Management Strategies Against Callosobruchus rhodensianus

In West Africa and other tropical countries, cowpea is considered a vital source of food
(Adedire et al., 2011) and due to bruchid damage, a large amount of cowpea vyield is
lost. Several pest management approaches have been proposed to control this insect
pest because of their devastating effects on the quality and quantity of cowpea seeds.
Sanitation, cultural, mechanical, biological, and chemical control approaches, are
some of the control strategies adopted by farmers to control bruchid pests (Cissokho
et al., 2015). Chemical techniques of management are the most common, however,
they are not environmentally friendly and sustainable (Baouaa et al., 2012). Phosphine
fumigation, for example, is a widespread strategy, however, it has significant impacts
on product safety and pollution problems (Tripathy, 2016). Chemical insecticides to
control bruchid in the field, according to some writers, are not only dangerous to
individual wellbeing and the ecosystem, but they are ineffective and can contribute to
pest resistance (Malaikozhundan and Vinodhini, 2017; Mahmud, 2018). Therefore,
incorporating genetically based resistance to infestations, on the other hand, would be

a cost-effective and practical control method (Appleby and Credland, 2003).

2.8. The Defence of Cowpea Host Plant to Bruchid

Host plant resistance is the inherent plant traits that determine the amount of injury
caused by insect pest (Painter, 1951). It has to do with plants' proficiency to resist pest
outbreaks, as well as their ability to recover from pest damage (Kogan, 1994). Insect
pest infestations, as well as the extent of their damage in cowpea fields, differ from
one region to the next and are dependent on the developmental stage of the plant.
Synthetic chemicals, cultural practices, biological practices, and the use of
biopesticides are some of the common strategies used to control insect pests in
cowpea, with the host plant resistance strategy seen as the highly sustainable way to
eliminate the impacts of pests on cowpea (Ofuya and Lale, 2001; Fatokun, 2002). The
host plant resistance strategy is important because farmers readily adopt it and it
compactible with other control methods (Asiwe and Letsoalo, 2018). It allows a plant
to prevent insect pests from selecting a host plant for establishing, egg-laying, and
feeding, and even if they do, it interferes with insect pests' biology by disrupting their

development and growth, lowering their survival rates (Mookiah et al., 2021).



2.9. Types of Plant Resistance

A wide variety of insect predators attack plants daily, which can have a significant
impact on plant fithess. To defend against, endure, or prevent insect herbivory, plants
utilize a variety of tactics (Painter, 1951; Smith, 2005). Antibiosis, antixenosis (or non-
preference), and tolerance are three types of plant resistance. Antibiosis modality
restricts a pest's biology by reducing the growth and reproduction rate of insect pests
(Painter, 1951; Smith, 2005); whereas antixenosis is a trait that the host plant
possesses to discourage insects from using it for oviposition, shelter or feeding
(Painter, 1951). Tolerance, on the other hand, is considered a more long-term pest
management method because it only minimizes the detrimental impacts of insects on
the overall viability without interfering with the physiology or behavior of the insect pest
(Jackai and Singh, 1988; Panda and Khush, 1995). The scope of this study was only
limited to the tolerance mode of resistance.

2.10. Traits Affecting Bruchid Development

The seed in which seed beetle grow and the predators that harm them are just two of
the various ecological components that affect the seed beetle’s performance and
survival. Seed beetles use the seed coat as host to lay eggs, and the egg hatches to
give rise to a larva which then penetrates within the seed to continue their development
(Toquenaga and Fujii, 1991, Murdock and Shade, 1991). Seed chemical
characteristics like nutritional quality and defence chemicals are also known to
influence seed beetle performance (Moreira et al., 2015). Seed physical parameters
also have a big impact on seed beetle performance. Seed size is proportional to the
overall number of resources available to seed beetle larvae throughout development
(Oliveira et al., 2015; Cuny et al., 2017). This is especially significant when there are
larvae emerging on the same seed, resulting in resource competition (Kaplan and
Denno, 2007). Because bruchids frequently lay multiple eggs per seed, adult weight,
lifespan, as well as growth phase are all affected by this competition of resources
(Oliveira et al., 2015; Cuny et al., 2017).



CHAPTER 3: METHODOLOGY AND ANALYTICAL PROCEDURE

3.1. Description of the Study

The study was conducted at the Department of Plant Production Laboratory at the
University of Limpopo, South Africa (23°53'10”'S, 29°44’15”E) to characterize 10 elite
cowpea genotypes for bruchid (Callosobruchus rhodensianus) resistance (Table 1).
According to Messina and Renwick (1985) and Chanbang et al. (2008), the eligibility
of seeds for oviposition can be evaluated by their physical characteristics, and the
selected genotypes for this study differ in terms of texture which is one of the features

influencing the bruchid insect preference for oviposition (Table 1).

Table 1: Cowpea genotypes screened for bruchid resistance.

Genotype number | Genotype name Texture
101 AYT208s Rough
102 AYT211s Rough
103 AYT210s Smooth
104 AYT2054 Rough
105 AYT3058 Smooth
106 CB-24J’burg Rough
107 AYT2058 Rough
108 AYT211a Rough
109 AYT310s Rough
110 AYT302a Rough

3.2. Bruchid Screening Procedure

The screening process was carried out following the procedure described by Asiwe
and Letsoalo (2018) with some adjustments. The treatments were laid out in a
Completely Randomized Design (CRD), with six (6) replications. Bruchid culture was
established using the already existing bruchid pests at the University of Limpopo
Research Farm and these were reared using susceptible black-eyed cowpea seeds in

an oven set at 28°C to obtain sufficient bruchids to be used in the study. The resistance
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of bruchids was tested on 10 elite cowpea seeds obtained from the University of
Limpopo germplasm collection. To eliminate any existing eggs or larvae that have
been in the seeds and to ensure that the moisture content of the seeds is uniform, the
seeds were oven-dried at 50°C for 24 hours before infestation (Amusa et al., 2014;
Miesho et al., 2018). From each variety, 10 seeds were placed into Petri dishes, where
newly emerged bruchids (4 males and 4 females) were introduced using a hairbrush.
Male and female bruchids were characterized by the color of the plate near the end of
the abdomen. Females have dark stripes on the sides of the expanded plate that
covers the tip of the abdomen and are dark brown or nearly black in appearance, whilst
males are light brown with a smaller plate and no stripes (Beck and Blumer, 2014).
Bruchids were left for four (4) days at 28°C to allow for mating and oviposition to take
place. Four days after the eggs were laid, the bruchids were removed and the number
of eggs laid on each seed was counted. After egg counting, the excess eggs were
scraped off using a razor blade and only one (1) egg was randomly selected and left
on each seed to allow for uniform infestation. The treatments were observed daily for

the emergence and the emerged adults were counted daily until there were no more

adults emerging.

Figure 1: Susceptible black-eyed cowpea seeds used for bruchid culture.

11



3.3. Data Collection
Data were collected for 60 days on the following parameters from the infested

samples.
3.3.1. Initial seed weight (ISW) (g)

» The weight of the seeds before the experiment.
3.3.2. Residual seed weight (RSW) (g)

» The weight of the samples after the experiment.

o) — initial seed weight—residual seed weight
(%) =

3.3.3. Seed weight loss (SWL) x 100 (Girish et

Initial seed weight
al., 1975).
3.3.4. Number of eggs laid (NE)

» This was measured by counting the number of eggs on seeds four days after
the infestation of bruchid.

3.3.5. Number of adults emerged (AE)

» Was measured by counting the number of insects that emerged.

Number of adults emerged

3.3.6. Adult emergence (AE) (%) = x 100

number of eggs laid

3.3.7. Total development time (TDT) (days)

Refers to the number of days from the start of infestation and when adult bruchids will
stop emerging from the seeds. This was measured by counting the number of days

from the start of infestation to the day there are no more adults emerging.
3.3.8. Mean development time (MDT) (days)

» Mean developmental time (T) is the time taken by adults to emerge. It was

estimated according to Asiwe and Letsoalo (2018).
3.3.9. Number of damaged seeds (DS)

» Was measured by counting seeds having holes from an adult emergence.

12



3.4. Data Analysis
Data were analyzed using Genstat Version 20, and analysis of variance (ANOVA) was
used to compare F-values of the performances of the genotypes. Means showing

significant differences were separated using Duncan Multiple Range Test at P<0.05.
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CHAPTER 4: RESULTS AND DISCUSSION
This study exposed ten elite cowpea genotypes to C. rhodensianus for 60 days in the
laboratory to identify new cowpea genotypes with bruchid resistance that could be
used to improve the productivity of elite cowpea around Limpopo province and South

Africa as a whole.
4.1. The Mean Number of Eggs on 10 Elite Cowpea Genotypes

There was no significant difference in the mean number of eggs of the cowpea
genotypes used in this study (Appendix 1). However, the results of this study showed
that more eggs were laid on AYT211B (49.00) followed by AYT210B (47.33),
AYT205B (43.00) and AYT205A (42.50) whereas the minimum mean number of eggs
was shown on CB-24J’burg (27.50) followed by AYT302A (27.83) (Figure 4.1). The
number of eggs was measured to indicate the preference of bruchid for oviposition on
these genotypes, and genotypes with greater oviposition rates indicate that they were
more preferred by the bruchid for oviposition. The types of resistance were not
researched in this study, however, several studies showed that qualities such as seed
texture, colour, shape, or thickness may determine the oviposition rate of bruchid.
According to Majhi and Mogali (2020), cowpeas with greater seed size provide more
surface area for oviposition, resulting in more bruchid eggs on seeds with greater size

than on smaller ones.
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Figure 4.1: Mean number of eggs laid on elite cowpea genotypes by bruchid insect.

The findings of this study agreed with those of Kebe et al. (2020), who investigated
the affinity of C. maculatus for oviposition on three varieties of cowpea and found that
oviposition was the same in all three varieties. Previous research on the genotypes
of V. unguiculata that are C. maculatus-susceptible and resistant, which have identical
physical features such as color, texture, and size, did not demonstrate any changes in

oviposition (Sales et al., 2005).

4.2. The Percentage of Adult Emergence

In this study, the emergence of adults was monitored daily after oviposition and there
was no significant difference among the genotypes (Appendix 2). The highest
percentage emergence was observed on AYT302A with 31.54% and the least
percentage was recorded on AYT211B followed by AYT205A with 19.25% and
19.77%, respectively. This indicates that genotypes with the highest emergence
percentage were seen as suitable hosts for bruchids as this would mean that the
genotypes were able to provide food for bruchid development and survival. Jackai and
Asante (2003), described adult emergence as one of the major indicators for the

classification of resistant or susceptible seeds to insect infection.
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Figure 4.2: Percentage of adult bruchid (%) emerged on elite cowpea genotypes

According to Bondade and Deshpande (2021), the mean number of adults emerged
within a range of 13.44-32.21 were classified as moderately resistant. This would
mean that in terms of adult emergence, the genotypes used in the present study are

moderately resistant to C. rhodensianus as they fall within the range (Table 2).

Table 2: Percentage bruchid adult emergence on elite cowpea genotypes

PAE (%) Number of genotypes
10-20 2
21-30 7
31-40 1

The resistance may be due to antibiosis and tolerance as suggested by many past
studies (Painter, 1951). Even though that may be the case, further work is needed on
the mechanism of these genotypes. Studies have shown that the consumption of seed
components by larvae, such as digestive enzyme inhibitors and chitin-binding proteins
which attach to the peritrophic matrix of the larvae, can impede nutritional digestion
and absorption, resulting in a decrease in the emergence of adults (Ventury et al.,
2022).
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4.3. Percentage of Damaged Seed
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Figure 4.3: Percentage of seed damaged on elite cowpea genotypes

There was no variation observed at P <0.05 in the percentage seed damaged
(Appendix 3). The holes on the seeds from which the adult bruchids emerged were
used as an indication of damage. The percentage of seed damage ranged from
56.67% to 83.33% with the lowest percentage observed on CB-24J’burg (56.67%),
and the highest on AYT302A (83.33%) (Figure 4.3). In this study, genotypes with the
highest percentage of seed damage are vulnerable to C. rhodensianus whereas the
resistant genotypes have the lowest seed damage percentage. More damage was
observed on all these genotypes indicating that these genotypes were susceptible to
C. rhodensianus (Table 3).

Table 3: Percentage of seed damaged.

SD (%) Number of genotypes
50-60 1
61-70 7
71-80 1
81-90 1
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According to Kpoviessi et al. (2019), larvae that establish within grains, consume them
from within, and then emerge to form pores on the seeds once fully formed are what
harm stored seeds. Due to the highest percentage of seed damage observed, this
would imply that there were no physical or chemical barriers in the seeds of the
genotypes used in this study, which might impede larval entry and lead to fewer holes
(Lephale et al., 2012). The results of the present study confirmed those reported by
Miesho et al. (2018), who observed high damage which was indicated by the presence
of holes in the genotypes on susceptible varieties and less on resistant varieties. The
same results were recorded by Tripathi et al. (2012). There is a need for further
breeding work to discover and introduce new sources of genetic traits with resistance
to C. rhodensianus into these genotypes to achieve increased productivity and

enhanced consistency in future genotypes (Gore et al., 2016).
4.4. Total Development Time

The average total development period (days) of C. rhodensianus on ten elite cowpea
genotypes did not differ significantly from one another (Appendix 4). However,
AYT305B (39.50 days) had the lowest total developmental mean value while the
highest was 46.50 days observed on AYT211A (Figure 4.4). In accordance with this
study, cultivars with a long developmental period are regarded to be resistant, whereas
those with a short period are vulnerable to C. rhodensianus.
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Figure 4.4: Mean total development time of bruchid in cowpea genotypes

Asiwe and Letsoalo (2018), reported that varieties with a total development time over
40 days which was noticed on 1T845-2246 are regarded as moderately resistant
varieties. AYT205A, AYT205B, AYT208B, AYT210B, AYT211A, AYT211B, AYT302A,
AYT310B, and CB-24J’burg had mean values over 40 days, which indicated moderate
resistance in terms of overall development time. The prolonged period between the
egg and adult phase as well as the reduced adult emergence in most cases may be
associated with the antibiosis mode of resistance (Smith and Clement, 2012), as it
interferes with the developmental process of the pest either by slowing down its

growth, fecundity or increasing its mortality (Painter, 1951; Smith, 2005).

Table 4: Frequency distribution of total development time of bruchid on cowpea

genotypes
TDT (days) Number of genotypes
30-40 1
41-50 9

In this case, as the study concentrated on the tolerance mode of resistance, the
shortage or lack of food to support the development of larvae could have been the
reason for the delayed emergence of adults or the longest development period. The
findings of this study complemented that of Tripathi et al. (2015) who observed that
resistant variants of cowpea took longer time to mature than susceptible types. The
longest development period renders these genotypes promising and they can be
recommended to farmers as this indicates that the food available in these genotypes
is not favourable to support the development of bruchid larva.

4.5. Mean Development Period

The mean development time was obtained by counting the time in days it took the
insect to emerge and the findings showed that there were significant differences
among the elite cowpea genotypes (Appendix 5). AYT305B recorded the shortest
development period indicating that the genotype was able to meet the feed

requirements of bruchid to support its development, whereas the longest development
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period was recorded on AYT208B (11.33 days) followed by AYT210B (10.17days)
(Figure 4.5). In this study, resistant genotypes were those that took longer days to
develop whereas those with shorter days were susceptible to cowpea bruchid because

were able to support all the food requirements needed by this insect, hence the larvae

& @

were able to develop faster.
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Figure 4.5: Mean development time of bruchid on cowpea genotypes

According to Amusa et al. (2018), the more crucial trait for assessing resistance in
cowpea is mean development time (MDT). The extended MDT suggests the possibility
of anti-nutritional elements, which may have influenced the slow growth of the insect
pest when it is feeding on the resistant genotypes due to the antibiosis impact (Majhi
and Mogali, 2020). Divya et al. (2012) and Jadhav et al. (2012) also reported a similar

observation.
4.6. Number of Days to Insect Emergence

The results of number of days to insect emergence showed that there was no
significant difference among the 10 elite cowpea genotypes (Appendix 6). The least
mean number of days to insect emergence was recorded on AYT208B followed by
AYT211B with 32.33 days and 32.50 days, respectively, whereas AYT211A recorded
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the highest mean score of 37.50 days followed by AYT205B with 37.33 days (Figure
4.6).
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Figure 4.5: Mean number of days to insect emergence (days) on cowpea genotypes

The results of this study conform with previous experiments conducted at IITA, Nigeria,
that revealed that insects that took about 25 to 30 days to emerge are moderately
resistant varieties and this was observed in 1T845-2246 (Adjadi et al., 1985). This
implies that there is a greater possibility for these ten genotypes to be recommended
to smallholder farmers who lack access to highly improved storage facilities because
this shows that the food present in these genotypes is not suitable to support the

growth of bruchid larva.
4.6. Seed Weight Loss

According to the results of our research, there was a highly significant difference
(P<.001) (Appendix 7) in the means of the cowpea genotypes used in terms of seed
weight loss. The AYT210B genotype had the least weight loss than all other cowpea
genotypes. ATY210B recorded the lowest weight loss with 4.07%, followed by
AYT205A, AYT205B, CB-24J’burg, and AYT211B (7.20%, 12.60%, 15.43%, and
15.57%, respectively) as shown in (Figure 4.6). The greatest loss was observed on
AYT208B (33.90%) followed by AYT310B and AYT305B with 33.35% and 30.78%,
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respectively. In most of the time, the seed weight loss is likely associated with the
damage caused by bruchid on the seeds as they exit the seeds by puncturing the seed
coat, whereby in this study the weight loss was associated with insect feeding which

occurred from inside the seed by the larvae.
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Figure 4.6: Mean percentage weight loss (%) of elite cowpea genotypes

As reported by Miesho et al. (2018), seed damage and a low insect growth index may
account for the loss in seed weight caused by bruchid. The more the weight loss, the
more the insect larvae see the genotype as a suitable host to meet its nutritional needs,
hence a lot of the endosperm were consumed. Several studies have shown that seed
damage and insect emergence are in most cases the reason for greater seed weight
loss caused by cowpea weevil, but that was not the case in the present study as the
results showed no relationship between the variables. The current outcomes are
corroborated by Tripathi et al. (2012), who investigated cowpea response to C.
chinensis in various crops and discovered that seed weight loss is linked to food
consumption. Seed damage, adult emergence, and seed weight loss are the most

accurate predictors of cowpea resistance to bruchid (Jackai and Asante, 2003).
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS
The screening procedure was successfully performed, and the susceptibility level of
the ten elite cowpea genotypes was identified. The findings of this study showed that
there was a significant difference between means of initial seed weight, residual seed
weight, seed weight loss, and mean development time and no significant difference
was observed in the number of eggs, percentage seed damage, adult emergence,
number of days to insect emergence and total development time. The null hypothesis
was accepted because the response of the ten elite cowpea genotypes to cowpea
bruchid resistance was the same. The ten elite cowpea genotypes used in this study
were moderately resistant in terms of adult emergence, the number of days to insect

emergence, mean development time, and total development time.

The least percentage weight loss was observed on AYT210B (4.07%), followed by
AYT205A (7.20%). An extended days were recorded for the number of days to insect
emergence as well as the mean development time for all ten genotypes. The
prolonged insect developmental periods were observed on AYT205A, AYT205B,
AYT208B, AYT210B, AYT211A, AYT211B, AYT302A, AYT310B and CB-24J’burg in
terms of total development time. The genotypes recorded longer developmental
periods and low seed weight loss is an indication that they can be stored for longer
periods, therefore, these can be recommended to smallholder farmers who lack
access to high-quality storage facilities. This is important because will improve the
availability of elite cowpea genotypes in South Africa.

Although these genotypes can be stored for a longer period without being attacked, it
is essential that sustainable control measures to control bruchid be followed to
eliminate losses or damage to cowpea bruchid. For safety measures and to improve
the availability of elite cowpea genotypes, it is important that these genotypes be
recommended for breeding programs to improve their resistance level against C.
rhodensianus through hybridization (crossing). The procedure is important because it
will not only cut the farmer’s cost of production but reduce their reliance on insecticides
and fumigants which may pose health risks to farmers. It is also important that further
work be done on the mechanism of resistance because although the study

concentrated on tolerance modality, the characteristics of antibiosis were exhibited.
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LIST OF APPENDICES

Appendix 1. Analysis of variance for number of eggs (NE)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 3610.5 401.2 0.64 0.762
Residual 50 315845 631.7

Total 59  35195.0
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Appendix 2: Analysis of variance for adult emergence (AE %)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 718.1 79.8 0.62 0.778
Residual 50 6477.9 129.6

Total 59 7196.0
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Appendix 3: Analysis of variance for seed damaged (% SD)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 2875.0 319.4 0.88 0.545
Residual 50 18050.0 361.0

Total 59  20925.0
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Appendix 4: Analysis of variance for total development time (TDT in days)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 219.02 24.34 1.78 0.096
Residual 50 683.83 13.68

Total 59 902.85
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Appendix 5: Analysis of variance for mean developmental time (MDT in days)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 183.600 20.400 2.09 0.048
Residual 50  488.333 9.767

Total 59  671.933
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Appendix 6: Analysis of variance for number of days to insect emergence (NIE)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 173.40 19.27 1.32 0.249
Residual 50 728.33 14.57

Total 59 901.73
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Appendix 7: Analysis of variance for seed weight loss (% SWL)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 6035.5 670.6 4.85 <.001
Residual 50 6916.0 138.3

Total 59 129514
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Appendix 8: Analysis of variance for initial seed weight (g ISW)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 7.9147 0.8794 6.75 <.001
Residual 50 6.5143 0.1303

Total 59  14.4290
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Appendix 9: Analysis of variance for residual seed weight (g RSW)

Source of variation D.F. S.S. M.S. V.R. Fopr.
Genotype 9 4.45350 0.49483 11.50 <.001
Residual 50 2.15192  0.04304

Total 59  6.60542
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