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Abstract

Cowpea (Vigna unguiculata) is an important food source in Nigeria, contributing significantly to food
security and economic stability. However, the use of synthetic pesticides in mitigating the effects of pest
infestation has raised serious concerns including pesticide residues and their potential health impacts.
Commonly used pesticides include organochlorines, organophosphates, and pyrethroids, which are
associated with various health risks, including carcinogenic effects, neurological disorders, and
endocrine disruption. This review underscores the importance of using Integrated Pest Management
(IPM) strategies to mitigate these health risks and also ensuring effective and safe methods in
controlling pests. These IPM approaches combine cultural, chemical, physical and biological methods,
which considerably reduces the use of pesticide and pesticide residues in grain. Additionally,
nanotechnology and sustainable storage solutions, such as hermetic storage, use of natural insecticides
and solar drying of cowpea grains are essential for minimizing post-harvest losses and maintaining the
quality of cowpea. By adopting these practices, farmers can enhance the safety and sustainability of
cowpea production, ultimately benefiting public health and the environment. This review highlights the
importance of educating consumers and farmers on safe pesticide use and alternative pest management
strategies to promote a healthier agricultural ecosystem in Nigeria.

Keywords: Diatomaceuos Earth (DE), Hermetic Storage (HS), Integrated Pest Management
(IPM), Purdue Improved Crop Storage bag (PICS), Sub-Saharan Africa (SSA).

INTRODUCTION

The cowpea, also known as black-eyed peas or beans in Nigeria, is the most widely grown,
traded, and distributed legume in the world (Horn et al., 2022). Africa is where it started, and
the continent is home to the majority of its producing nations (Phillip et al., 2019). About 95%
of the world's production comes from West Africa, with Nigeria being the biggest producer
and consumer (Phillip et al., 2019). Burkina Faso, Cameroon, Ghana, Kenya, Uganda, and
Tanzania are among the African nations that produce cowpeas, although Nigeria and Niger
are the continent's two largest producers (Nkomo, 2021).

Cowpea (Vigna unguiculata Walp) is a nutritious and economical grain legume, that is
indigenious in Africa. It plays a crucial role in West Africa, providing food for people, fodder

*Author for Correspondence
Okunlade A. F. et al, DUJOPAS 11 (3c): 220-233, 2025 220



The Menace of Pesticide Residue in Cowpea Production in Nigeria

for livestock, and income for millions of smallholder farmers (Manda et al., 2019). The grains
and fresh leaves of cowpea are vital sources of protein, minerals, and vitamins, helping to
combat malnutrition among rural families in West Africa (Santos et al., 2012). Smallholder
farmers favor cowpea due to its ability to thrive in the poor soils of the dry savannah and its
capacity to fix atmospheric nitrogen, thereby enhancing soil fertility (Do Rego et al., 2015). The
most biotic danger to cowpea production, especially in light of shifting climatic patterns, is
pests. If no control measures are put in place, they seriously damage the crop, which inhibits
plant growth and lowers yields (N'Gbesso et al., 2013). As a result, cowpea farming relies
significantly on pesticides, a practice that is growing in popularity at the farm level. Research
has discovered pesticide residues of pyrethroids, organochlorines, and organophosphates in
Nigerian and Burkina Faso bean samples at levels that may present non carcinogenic health
concerns to consumers (Amare et al., 2022). The wide use of synthetic pesticides has resulted
to high cost of cowpea production and these have impacted technology adoption, and cowpea
profitability (Mohammed & Mohammed, 2014, Oseni et al., 2015). However, the wrong
application of these pesticides is regrettably connected to several human and, environmental
health risks. Therefore, this review investigate the health hazards associated with pesticide
residues in cowpea production, use of conventional technologies to mitigate these residues in
order to support improved and sustainable cowpea production.

Pesticides and Pesticide Residues in Cowpea

Pesticides are chemical or biological agent that deters, incapacitates, eradicates, or otherwise
discourages pests (Abubakar et al., 2020). These pesticides have been widely used because
they are particularly successful at getting rid of pests that damage agricultural produce
thereby leading to poor food processing and storage. Pesticide residues are the amount of
pesticides that remain in crops after the application of pesticides. Analyzing these residues
aids in determining the level of human exposure to these chemicals and hence their potential
human health hazards. Every year, about three million people are poisoned and 200,000
people die from pesticide poisoning, with developing nations accounting for the majority of
these cases (Sarkar et al., 2008). Organochlorines, organophosphates, carbamates and
pyrethroids are a variety of chemical classes of pesticides and these pesticides are usually not
only harzadous but also bioaccumulative as they accumulate in the food chain (Kumar et al.,
2012). Pesticides are used for a variety of purposes, including seed dressing, farm soil
treatment, and postharvest treatment.

The most prevalent class of pesticides, organochlorines, are prohibited in the majority of the
world because of their detrimental impact on both human health and the environment. This
compound’s high chemical stability and lipid solubility causes chronic toxicity in humans as
they easily build-up in the human body over a long period of time after ingestion (Ogah et al.,
2012). The most often used pesticides in the field to manage cowpeas are synthetic pyrethroid,
carbamate, organophosphate, and organochloride (Ssengo et al., 2024) while pirimiphos
methyl (Actellic), malathion, permethrin (such as Coopex and Kaolhrin), deltamethrin,
aluminum phosphide (Phostoxin, Gastoxin, Delia), etc were usually used to protect cowpeas
during storage (Hajam and Kumar, 2022). Most of the time, fumigants (gastoxin, phostoxin,
etc.) are more dangerous than those pesticides available in liquid-based sprays or dust
formulations. However, one of the best methods for decontaminating stored cowpea is to use
fumigants, which have expanded dramatically due to their relative ease of dispensing (as pill
or pellet formulations). In general, majority of the clean and uninfested cowpea sold in the
marketplace 3 months or more after the end of the growing season is generally treated with
insecticides (Muhammad, 2017).
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Causes of Pesticide Residues in Cowpea

In Nigeria, precise or official estimates of pesticide use are unavailable. However, the potential
negative impacts of pesticide and insecticide applications on the environment and human
health have long been recognized as major health concerns (Sabo et al., 2014). Specific issues
with use of pesticides in cultivation of cowpea include:

Poor handling practices: Growers are the main users of pesticides to manage insect pests,
so it is essential that they understand how to use and manage them properly to get the
intended results. Regretfully, due to lack of knowledge and budgetary limitations, a lot
of farmers apply pesticides without knowing or according to the proper handling
protocols, which include donning the required personal protection equipment, such as
goggles, gloves, long pants, boots, a face shield, and a cap and therefore, they risk
exposure to health-related problems. Additionally, farmers often reuse empty pesticide
containers that should be properly disposed off after use (Nwadike et al., 2021). Many
do not clean up adequately after spraying before consuming food items, including
alcohol, food, or cigarettes (Rahman & Chima, 2018).
Excessive use of pesticides: Successful cowpea production requires 2-3 applications of
proper chemical insecticides, depending on the variety and the intensity of the insect
attack (Omoigui, 2020). Because of their staggered flowering period, late-maturing
indeterminate cultivars require more sprays than early-maturing kinds. More than four
pesticide applications can contaminate the environment, water, land, and soil
Additionally, the over-use of pesticides is extremely neurotoxic to humans. This issue is
prevalent among farmers in Nigeria and led the European Commission to ban the
import of cowpea from Nigeria (Hassan, Zamani, & Varshney, 2019). Factors such as
lack of education among farmers, the prohibitive cost of pesticides and spraying
equipment, and large farm sizes also affect pesticide usage in cowpea production (Sabo
et al., 2014).
Inadequate post-harvest and storage practices: In Nigeria, the problem of post-harvest
losses is rampant among farmers and nearly all of these losses are due to pest and insect
infestations, insufficient storage facilities, and ineffective post-harvest methods that are
available at the farm level prevent farmers from reaping the benefits of increased
agricultural yields. Chemicals have been used as preservatives by many Nigerian farmers
and businessmen, endangering the public's health. One of the main reasons the European
Commission decided to limit Nigerian cowpea exports was the extensive use of storage
chemicals, which is a major public issue. The utilization of improved varieties that are
less susceptible to infestation, the adoption of facilities for practices such as double
bagging, the use of hermetic storage with PICS bags, and solar drying of cowpea grain
provide farmers with the opportunity to store grain until later in the dry season when
they can sell their crop for higher prices (Kotu et al., 2019).
Low acceptance of improved cowpea seed varieties: Improved and certified seeds can be
bought in Nigeria and Sub-Saharan Africa (SSA). However, a lot of farming households
believe that these seeds are costly and difficult to obtain. They also feel they lack adequate
information on the efficacy of improved and certified seeds, leading them to rely on their
saved seeds without fully considering the benefits of the improved and certified varieties
(FAO and ICRISAT, 2015). The poor adoption of improved seeds is partly due to
insufficient seed production, inadequate supply —either in quantity or mismatched with
farmers’ preferences —inability to distribute seeds to remote areas, and limited awareness
of the improved seed characteristics (Spielman and Mekonnen, 2013).
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Pesticide Residues and Health Concerns

Agrochemical exposure is causing serious health issues for people. The dermal exposures
account for about 90% of the pesticide exposures (Ross et al., 2001). Pesticide exposure
can result in a variety of symptoms, ranging from minor ones like mild skin irritation or
allergy symptoms to more serious ones like nausea, dizziness, or a strong headache.
Long-term exposures can result in persistent abnormalities in humans, such as cancer
and other severe illnesses as shown in figure 1 below.
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Figure 1: Exposure routes and effects of pesticide exposure on human health
Source: Ross et al., 2001

Pesticide Residues' Impact on Human Health

. Effects of Carcinogenesis

Pesticide exposures have resulted into many kinds of cancer in human. For instance, if a
pregnant woman is exposed to pesticide residues, her unborn child may be at risk for Wilms'
tumor, leukemia, and brain cancer. Exposure of pesticides from outside is mainly related to
the causes of blood cancer in children (Srivastava and Kesavachandran, 2019). In 2010, a
review established that 19 out of 32 pesticides were linked with at-least one type of cancer,
including brain, bladder, colon and rectal, leukaemia, lung, melanoma, multiple myeloma,
non-hodgkin lymphoma, and pancreatic cancer (Weichenthal et al., 2010).

1. Neurological Effect

General and usual symptoms may result from the pesticide's persistent effects. For example,
direct exposure will cause common symptoms such as pupil constriction, blurred vision,
headaches from the supercilium, and ocular redness and irritation (Jaga and Dharmani, 2006).
The buildup of neurotransmitters at the nerve ending is the only cause of symptoms of general
poisoning. The victim of advanced poisoning appears pale, has increased perspiration, and
has foaming coming from the lips. Changes in vital signs, such as muscle weakness, seizures,
and confusion with or without coma, are examples of alternative symptoms. If therapy is not
administered at the right moment, the person may already be dead. In-vitro and animal-based
studies revealed that nanomolar concentrations of organochlorines such as endusulfan and
lindane were involved in the blockage of calcium channels resulting in the deficiency of
calcium ions in pheochromocytoma cells leading to mental disruptions (Heusinkveld et al.,
2010). After 6-8 months of exposure, it was found that pesticides cause problems in
neurobehavior and neurophysiology. Additionally, organophosphates and dithiocarbamate
cause disruption of peripheral nerve conduction and some related disorders (Yokoyama,
2007).
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I1l.  Endocrine Disruptions Effects

Endocrine hormones are essential for many bodily processes, especially growth and
reproduction. In general, about all classes of organochlorines were found to be associated with
abnormal functioning of endocrine with very little concentration of residual contents (Lemaire
et al., 2004). Organophosphates like parathion and Malathion were also showed activeness in
disrupting and malfunctioning of endocrine glands (Gasnier et al., 2009). There was a 20-200%
risk correlation between a particular chemical and the incidence of polygenic disease.
Additionally, synthetic pesticides have the ability to ruin cell function and structure. Previous
studies showed that at micromolar level of organochlorines like dieldrin, cell propagation and
cell capability were reduced to a considerable extent (Slotkin and Seidler 2007). Another study
revealed that heptachlor and dieldrin are the causal agents of increased advance apoptosis in
cell cultures that cause mitochondrial damage and oxidative stress (Culbreth et al., 2012).

IV. Child Health Effects

Due to high exposure rates, children are particularly vulnerable to the neurotoxins included
in pesticides. Scientists believe that the most vulnerable brain tissues and cells are those that
are developing quickly (Weiss, 2000). However, there was less of a correlation between
prenatal and postnatal exposure to pesticides and their neurophysiological consequences.
According to a study, boys were more likely than girls to have a worse level of mental function
as a result of their parents' exposure to pesticides. Additionally, it was proposed that the
neuropsychological behavior of children may be negatively impacted by pesticide exposure
during pregnancy, while parental exposure was less linked to neurodevelopmental damages.
(Gonzélez-Alzaga et al., 2015).
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Figure 2: Pesticide actions and their effects on reproductive function of human
Source: Gonzalez-Alzaga et al., 2015

V. Developmental and Reproductive System Effects

Certain pesticides are thought to be responsible for reproductive problems like spontaneous
abortions, stillbirths, low birth weights, birth anomalies, and early neonatal deaths. For
instance, atrazine, one of the most widely used weed herbicides in Nigeria, has been linked in
multiple studies to fish and frog sexual abnormalities and hormonal imbalances, which,
among other things, lead to males that lay eggs. PCBs have been linked in numerous instances
to decreased sperm count and male infertility (Grandjean and Landrigan, 2006).

VI. Immunological impacts

A compromised immune system raises the risk of cancer and infectious diseases, which in
turn raises death rates, especially in developing youngsters. This would be especially
menacing in developing countries, where children face greater exposures to infectious agents
(Repetto and Baliga, 1996). Furthermore, allergic sensitization reactions and autoimmune
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diseases (such as diabetes, lupus, rheumatoid arthritis, and asthma) are also the main defects
enhanced by pesticides exposure. Recent research suggests that pesticide exposure can cause
disease across three generations (Devon, 2016).

Mitigating Strategies of pesticide residues in Cowpea

A diverse range of insect pests is associated with cowpea in the majority of its geographic
range especially in Africa. Approximately twenty commercially significant bug species are
commonly found in cowpea-producing regions across the world (Oyewale and Bamaiyi,
2013). Different Control methods are used to deal with cowpea field pests. Currently, the
methods include cultural control, chemical control, physical control, the use of biopesticides,
nanotechnology, hermetic storage and solar radiation. All of these techniques are related to
Integrated Pest Management, or IPM, which is a sustainable, economical, and ecofriendly way
to control cowpea insects. The following are the various IPM strategies for mitigating
pesticides residues.

1. Cultural controls

Cultural controls are regarded as widely utilized and old pest management techniques,
employed in controlling numerous numbers of agricultural insect pests. This method is very
effective in cowpea pest management programs (Karungi et al., 2000b; Asante et al., 2001).
Cultural controls include intercropping (cropping cowpea with cereals and root crops)
(Adipala et al., 2000), alteration of planting dates (manipulating cowpea planting dates to
prevent insect pests and disease attacks)(Kamara et al, 2018), the push-pull strategy
(behavioral manipulation of pests and their natural enemies by integrating stimuli that make
the protected resource unappealing to the pests)(Fathipour and Mirhosseini, 2017), host plant
resistance (introduction of foreign genes into cowpea to improve their resistance to many
biotic stresses) (Badiane et al., 2014), plant density(close spacing combined with early planting
of cowpea (Karungi et al., 2000a), natural control (regulation of natural pest populations by
unsuitable environmental conditions)(Adipala et al., 2000) and biological control (suppression
of cowpea insect pests using parasites, predators, and microbial agents)(Adipala et al., 2000).

2. Chemical Control

This involves the use of insecticides to control most insect pests of cowpea (Adipala et al.,
2000). However, these insecticides are very costly and unsafe to human and environment yet,
farmers are increasingly using chemical pesticides against pests of different growing stages of
cowpea including, seedling, flower and pod (Isubikalu et al., 1999). The two types of
insecticides used to control the main cowpea field pests are seed dressing and foliar sprays.
Remainders on cowpea leaves, pods, and grains are one issue with applying pesticides to
cowpeas, and this has grown to be a significant factor. It is stated that after 7-10 days of
pesticide application, residues are below tolerable limits (Asante et al., 2001). Furthermore,
cooking and washing can help cut down on pesticide residues. The highest residue levels were
discovered from the leaves and stems of plants, rather than from the cowpea (Asante et al.,
2001).

3. Physical Control

Physical methods are important means to detect, prevent, and control stored product pests
within the concept of Integrated Pest Management (IPM) and Integrated Stored Product
Protection (Vincent et al., 2003). Cowpeas deteriorate due to high moisture content levels,
which also increase their susceptibility to fungal and insect pest infestation. At harvest,
cowpea should be left to dry for some period in order to reduce the moisture content to safe
levels of about 13% or lower (Yakubu et al., 2012). Also, cowpea pest can be controlled by
decreasing temperature of cowpea in storage. This has been observed in developed countries,
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where cold storages are commonly used by exposing stored seeds to -18°C for 6-24 hours,
lowered the insect pest numbers by more than 99% (Johnson and Valero, 2000). Additionally,
steaming of cowpea is an alternative and safe method to control C. maculatus. It is believed
to have a case-hardening "effect" on the cotyledons' cell surface layers by causing physical
changes such protein denaturation and starch gelatinization. Thus, the novel method of steam
treatment of cowpea seeds is a useful pest management strategy for long-term storage and
consumption of cowpea since the cooking properties and processing qualities of the cowpea
were not affected (Allotey et al., 2012). Exposure of cowpea seed to detected higher
temperature causes the death of multiple seed-eating beetle stages significantly. The mortality
rate of eggs at 42°C is 50% after 18 hours and LT50 of pupae of C. maculates is reported to be
13 and 36 min at 60 and 55°C, respectively (Loganathan et al., 2011). However, temperature
and time necessary to disinfest the cowpea had no significant impact on the germination of
cowpea seeds (Hammad et al., 2020).

4. Use of Biopesticides

Numerous plant species with natural pesticide potential have been found, and their extracts
which are biodegradable, environmentally benign, and generally safe for human health are
widely used as a traditional method to keep insects away from grains in many Asian and
African nations. In several studies, the leaves and oil extract from leaves of Chenopodium
ambrosioides Linn. (Chenopodiaceae) have been showed to be very effective in controlling
the damage of cereal grains by the insects during storage (Kumar et al., 2007). In a study, the
oil extract of this plant was found to be more effective by significantly increasing the mortality
rate of adult insects for 3 months, when compared to synthetic fungicides such as zinc
dimethyl dithiocarbamate (Ziram), phenylmercuric acetate (Ceresan), diphenylamine (DPA),
and benzimidazole (Benomyl) (Brisibe et al., 2011). Research on garlic and chiles were found
to have detrimental effects on cowpea beetle reproduction, as were dried peppermint leaves.
Peppermint also showed significant reduction in the F1 progeny of the cowpea weevils
(Tiroesele et al., 2014). In addition, powders of root bark of Annona senegalensis, Capsicum
frutescens (Echezona, 2006), Eucalyptus, guava, and lemon grass leaves as well as orange and

grape peels cause the suppression of the stored seed-eating beetle on cowpea (Yakubu et al.,
2012).

5. Diatomaceous earth (DE)

Diatomaceous earth consists of fossilized bones of freshwater or marine diatoms that eradicate
insects by abrading the cuticle and causes water through desiccation (Losic and Korunic, 2017)
and is also studied to have very low mammalian toxicity (Athanassiou et al., 2004) and safe
for natural enemies as reported by El-Wakeil and Saleh (2009). The impact of diatomaceous
earth on cowpea seed shows that the mortality rate of C. maculatus adults reaches above 90%
after 48 hours and increasing dosages of DE until 500 mg/kg (Shams et al., 2011). DE is more
effective at evaluating its pesticidal and ovipositional deterrent effects against C. maculatus
when it is changed chemically by various mono-, di-, and trivalent metal hydroxides (MOH,
M=Na, Ca, and Al). The use of Calcium-DE resulted in strongest repellency of C. maculatus,
the highest adult mortality, and the decrease of progeny generation. Therefore, DE can be
used as protectant in a stored grain integrated pest management program (Abdelaziz and
Sherief, 2010).

6. Nanotechnology

The use of nanotechnology in crop protection holds a great promise in controlling insects and
diseases by delivering agrochemicals in a targeted and regulated manner. Application of
Nanoparticles, nano-emulsions, nano-suspensions and nano-capsules as pesticides are more
extensive. In the near future, nanotechnology will revolutionize agriculture including pest
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management (Routray et al., 2016). Studies on the insecticidal effect of silver nanoparticles
(AgNP) and silica nanoparticles (SNP) on cowpea seed in both the larval and adult stages of
C. maculatus showed that the LC50 values for SiO; and silver nano-particles were 1.03 and
1.00 g kg-1 for larvae and 0.68 and 7.06 g kg-1 for adults. The results indicated that the two
nanoparticles, silver and silica, were quite efficient against adults and larvae, killing them at
rates of 83% and 100%, respectively. SiO2 nano-particles can be exploited as a useful tool in
integrated pest management programs of C. maculatus (Rouhani et al., 2012).

7.Airtight Storage

In poor nations, airtight storage also known as "sealed storage" or "hermetic storage" is
becoming more and more popular as a way to store cereal, pulses, cocoa beans, and coffee
because it works well and doesn't involve the use of chemicals or pesticides. The technique
uses structures or sealed waterproof bags to automatically create a modified environment
with a high concentration of carbon dioxide. Because of the airtight architecture, the biotic
component of the grains (aerobic microorganisms and insects) over time produces a self-
inhibitory environment by raising the concentration of carbon dioxide (reducing oxygen) as a
result of their respiratory metabolism. Some studies have showed that at high concentrations
of CO,, the aflatoxin production ability of Aspergillus flavus is reduced (WeiFen and ZuXun,
2003). Hermetic storage has been observed to be very effective in preventing the postharvest
losses (storage losses less than 1%) during long distance (international) shipments also (Villers
et al., 2010). World Food Programme (WFP) in their Action Research Trial in Uganda and
Burkina Faso, found out that if properly sealed, the hermetic storage units were very efficient
in eradicating the pests and insects without any use of phosphine fumigation (Costa, 2014).
Metallic silos (a cylindrical shaped, robust and tightly sealed structure constructed from
galvanized sheets which has proven extremely effective at long-term grains storage while
warding off insects and rodents) (Yusuf and He, 2013), Purdue Improved Cowpea Storage
bags (PICS) (a triple bag technique where the grains are placed inside a third woven nylon
bag after being encased in two layers of high density polyethylene (HDPE) bags that are 80
microns thick under hermetic condition in order to deprives weevils of oxygen, disrupting
their metabolic pathways and thereby leading to their desiccation and death) (Murdock and
Baribusta, 2019) and SuperGrain bags (a water resistant hermetic storage bag which composed
of one thick layer of polypropylene with a high density measuring approximately 78 microns
in thickness used as liners in conjunction with standard woven polypropylene bags)
(Suleiman, and Kurt, 2015) etc., are the various hermetic storage options being created and
extensively advertised in recent years. These bags are being considered practical and cost-
effective storage technologies, and are becoming well known in several countries (Zeigler and
Truitt, 2014).

8. Solar radiation

Solar disinfestation technology is a cost-effective and non-toxic method for pest control that
preserves the physical, cooking, and nutritional properties of cowpea grain (Nyankori, 2002).
This involves exposure of exposed threshed cowpea to sunlight using a basic solar heater that
was created at Purdue and improved upon in Cameroon, resident cowpea weevils in the grain
can be killed within minutes. This technique has been tested and extended in several African
nations in the West African region, such as Burkina Faso, Mali, Nigeria, Chad, Benin, Ghana,
and Zimbabwe. Storage bulletins in English, French, and Fulfulde, along with a training film,
have been developed to support its implementation (Ntoukam et al., 2000).

CONCLUSION AND FUTURE PERSPECTIVE
In many regions of the world, particularly in Africa and SSA West Africa, cowpeas are staple
crops that are strategically important for the nourishment of people and livestock.
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Unfortunately, field and storage insect pests are one of the many productivity limitations that
African farmers still confront, and they cause significant losses. Farmers and sellers of
cowpeas employ pesticides to minimize losses during storage. However, improper use of
these pesticides can result in higher pesticide residual levels in cowpea which will lead to
consumer toxicity, and sometimes even death. In order to reduce the risk of poisoning and
environmental contamination, cowpea farmers and traders needs to be aware of best practices
for using pesticides. This can be done through capacity building, such as farmer field schools,
field demonstrations, training sessions, videos and animations, and Information
Communication Technology (ICT) tools, which can help farmers adopt Integrated Pest
Management (IPM) technologies. IPM technologies are said to be an efficient means of
managing insect pests of cowpeas in the field and during storage. Moreso, scientific
communities are also required to sensitize both cowpea farmers and traders to embrace (IPM)
options as holistic management solutions to reduce the level of pesticide residues in cowpea
value chain. Additionally, biopesticides from plant-based substrates should be marketed and
made accessible to cowpea farmers and traders. Government should set up regulatory
standards and management procedures for the use of pesticides as an alternative to
preventing the negative effects of pesticide residues on cowpeas in order to improve nutrition
and food security.
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