


STUDY OF BIOPESTICIDE EFFECTS ON GROWTH AND YIELD OF COWPEA (VIGNA UNGUICULATA (L.) WALP) IN SUBSAHARAN AFRICA : CASE OF FAR-NORTH CAMEROON

ABSTRACT
Sub-Saharan Africa has a large number of people suffering from malnutrition. With a growth rate of ≈ 2.7% per year, this number is constantly increasing. Added to this challenge are the effects of climate change, which are impacting the yields of crops that are part of our dietary habits. One of these crops is cowpea, which requires increasing use of chemical inputs (synthetic pesticides) due to pest attacks. The aim of this study is to test the effectiveness of a biopesticide on cowpea growth and yield. To do this, a complete block with three replications was set up in two localities for two successive years, using the Fekem and Lori varieties respectively. The control was the plot treated with PACHA. Growth parameters and yield were observed. The results show that there is no significant difference between the parameters studied at each site for the two varieties. Consequently, the chemical treatment can be replaced by the biopesticide.
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INTRODUCTION
Sub-Saharan Africa is home to over 950 million people, around 13% of the world's population. With a growth rate growth rate of ≈ 2.7% per year, by 2050 this share is expected to rise to almost 22%, or 2.1 billion people (OCDE/FAO, 2016). Achieving food remains a major challenge in this region, where approximately 218 million people are undernourished (OCDE/FAO, 2016). In order to improve crop yields, producers resort to the use of large quantities of chemical inputs (herbicides, fertilisers, pesticides) which have a negative impact not only on the environment (Kattwinkel et al., 2015 ; Santás-Miguel et al., 2020 ; Thomas et al., 2020 ; Fernández-Calviño et al., 2021) but also on human health (Hoppin et al., 2017 ; Andreotti et al., 2018 ; Woźniak et al., 2018 ; Peillex and Pelletier, 2020).
The effects of climate change, particularly pockets of drought in the rainy season, have led to a proliferation of pests, which require increased use of pesticides to control. However, given the precarious conditions in which producers in sub-Saharan Africa live (over the period 2005-2015, average annual agricultural productivity per worker in sub-Saharan Africa was US$1,109.30, Odusola, 2016), it is difficult, if not impossible, for them to have access to sufficient quantities. This results in huge losses, exacerbating food insecurity.
During the 1970s, WHO (World Health Organization) and other international organizations have initiated studies to identify new biological control agents and optimize the existing ones (Gay, 2012). Biopesticides constitute one alternative solution to the use of chemical insecticides and have the advantage of being biodegradable (Martinez, 2002) with low, or no, toxicity to humans and animals (Valle Pinheiro and Dias Quintela, 2010). Biopesticides include pesticides produced from living organisms such as plants, animals, and microorganisms (viruses, bacteria, and fungi) to control and provide crops with protection against dangerous plant-damaging pathogens. Biopesticides are effective even in low quantities and have no residual effects, which is a major concern for consumers, specifically for edible vegetables and fruits (Thakore, 2006; Essiedu et al., 2020).
Cowpea, Vigna unguiculata L. (Walp.) is one of the most important food and nutritional security crops, providing the main source of protein to millions of people in developing countries (Lonardi et al., 2019). In sub-Saharan Africa, smallholder farmers are the major producers and consumers of cowpea, which is grown for its grains, tender leaves and pods as food for human consumption, with the crop residues being used for fodder or added back to the soil to improve fertility (Singh, 2014). The typical cowpea yield in the field is often lowered by several insect pests whose populations attain damaging levels (Ba et al., 2009). However, the manufacture of biopesticides to combat these insects does not require large investments and the materials (plants) are available locally. This is the background to the present study, which was carried out in the Far North region of Cameroon with the aim of testing the effectiveness of a biopesticide on cowpea growth and yield.
STUDY AREA
The study area is located in the Far North region of Cameroon, specifically in the localities of Moudawa and Guidiguis (figure 1). These localities are in the arrondissements of Moutourwa and Guidiguis respectively. The coordinates of the plot centres are N 10° 23' 45.7'', E 14° 12' 00.3'' and N 10° 08' 41'', E 14° 42' 10.4'' respectively for Moudawa and Guidiguis.
The Far North region is characterised by a Sudano-Sahelian climate. Rainfall over a period of 05 months ranges from 1,200 mm in the south to 500 mm on the shores of Lake Chad. Average temperatures are around 28°C, with maximums (34°C) reached in April.
In the Moudawa locality, the soils encountered are leached tropical ferruginous soils developed on gneiss with the presence of concretions and cuirasse in places. The texture is generally sandy or sandy-clay on the surface, then the clay content rises sharply with depth (30 to 37% clay). Silt content does not exceed 8% and there is always more fine sand than coarse sand. Exchange capacity is never very high: 5 to 10 meq/100g at the surface and 14 meq/100g at depth. Kaolinite is clearly dominant among the clay minerals. The sum of exchangeable bases varies between 3 and 10 meq/100g. The pH is acidic and generally decreases with depth. The degree of saturation is between 50% and 90%. Organic matter content is average (1 to 1.6%) with C/N ratios of between 11 and 14 (Martin, 1963).
In Guidiguis, the soils encountered are advanced hydromorphic mineral soils developed on alluvium. The texture is sandy-clayey throughout the profile, silt content does not exceed 8% and there is always more fine sand than coarse sand. The exchange capacity is relatively homogeneous, at around 17 meq/100g. Clay minerals include kaolinite, montmorillonite and iron hydroxides. The surface pH averages 5.8; at depth it rises slightly to 5.9. The absorbent complex is on average 46% saturated at the surface and 57% saturated at depth. Organic matter content is not very high (0.5% on average), with C/N ratios of 10 (Sieffermann, 1963).
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Figure 1 : Study area
METHODOLOGY
The study was conducted during the 2021 and 2022 cropping seasons in the localities of Moudawa and Guidiguis. To carry out the work, materials and equipment had to be assembled and a test protocol established.
Vegetal material
The plant material used consists of two varieties of cowpea and biopesticide.
Cowpea varieties
The two cowpea varieties used are : Fekem and Lori. The varieties were obtained from certified seed producers who are partners of African Institute for Economic and Social Development (INADES - Formation).
The 'Fekem' cowpea (V1) is selected by the local population and originates in Cameroon. Under normal conditions, yields are in the region of 2 t/ha to 2.5 t/ha and the weight of 100 seeds varies between 180 and 190 g, or even 200 g. The sowing-flowering cycle varies between 40 and 50 days. The sowing-maturity cycle is between 80 and 90 days. This variety is susceptible to viruses. It is tolerant to Striga gesnerioides and bruchids (FAO, 2012).
Cowpea 'Lori' (V2) is a pure line crop originating in Cameroon. Under normal conditions, its yield is around 1.5 t/ha to 2 t/ha and the weight of 1000 seeds varies between 170 and 190 g. The sowing-flowering cycle varies between 40 and 45 days. The sowing-maturity cycle is between 80 and 85 days. This variety is resistant to leaf diseases (with the exception of anthracnose) and to Cowpea aphid-borne mosaic virus (CAbMV). It is tolerant to Striga gesnerioides and bruchids (FAO, 2012).
Varieties were put in the field by farmers at the two experimental sites.
Biopesticide
The products considered as biopesticides by European and global regulatory agencies come from a variety of sources. They can be classified into three broad categories, depending on their nature: microbial biopesticides, plant biopesticides and animal biopesticides (Chandler et al., 2011 ; Leng et al., 2011). In this study, the plant biopesticide used was an aqueous mixture of neem kernel, garlic, onion and pepper.
These plants were chosen for their various properties, but also because of their availability in the environment. Neem has an insecticidal effect on caterpillars, mealybugs, aphids and whiteflies. It also has a nematicidal effect. Garlic, on the other hand, has an insect repellent effect (on caterpillars, mealybugs, aphids and mites) and destroys fungi (fungicidal effect). Onions have an insect repellent effect on caterpillars and aphids. Finally, pepper has an insecticidal effect on caterpillars, aphids, white flies and trips (ESSOR, 2018).
Agricultural equipment
The following equipment was needed to carry out this work: machetes for clearing land; a decameter for measuring distances; string to mark the boundaries of the experimental units; stakes to mark the edges and corners of the experimental units; signs to identify the plots; a sensitive electronic scale for weighing; a hand-held GPS for taking coordinates; sprayers for administering treatments; barbed wire to protect the plot; a camera for taking photographs; boots for working in the field; gloves and nose covers for handling inputs and crop protection products.
Experimental device
The aim of the study was to investigate the effect of a biopesticide on cowpea growth and yield in the two (02) localities mentioned above. In each case, only the biopesticide was studied, leading to the choice of a complete block design with 3 replications.
Each experimental unit (EU) has a surface area of 5m x 5m, i.e. 25 m2. There are 4 RUs per block (Figure 2), separated by 1 m. Each block therefore has an area of 115 m2. As a result, 115 m2 were requisitioned in each locality. Each block is made up of a single variety, the biopesticide treatment (3 experimental units) and the PACHA 25 EC treatment (1 experimental unit, control).
The seedlings were sown on 07 and 15 August 2021 (Fekem variety) and 18 July and 11 August 2022 (Lori variety) respectively in the localities of Moutourwa and Guidiguis with 2 to 3 seeds per plot and a sowing density of 0.80m x 0.40m.
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Figure 2 : Experimental set-up
Biopesticide preparation
The biopesticide was prepared locally with local people. The ingredients are onion (1 Kg), garlic (1 Kg), chilli pepper (1 Kg), neem kernels (1 Kg) and 200 g of wood ash. All the ingredients were crushed in turn, mixed and homogenised. 5 litres of water were added to the resulting mixture and the solution, contained in a container with a lid, macerated for 5 hours. The filtrate was then filtered and 2l of water was added to the filtrate, which was filtered again. The final mixture obtained was stored in 0.5l bottles in a cool place.
Treatment application
For field treatment with biopesticide (T1), 1 volume of product was mixed with 9 volumes of water, giving a dilution rate of 10%. The treatment was carried out in the late afternoon to reduce evaporation losses, as the product's constituents are highly volatile. Treatment can be preventive or curative, but for this study, the choice was made for curative treatment (once the first attacks had been observed), i.e. one treatment per week.
The field treatment solution using the synthetic pesticide PACHA 25 EC (T2) was obtained by mixing 5 ml of the synthetic pesticide with 5l of water. This practice, which was repeated, is used by people in the study area.
The two treatments were applied simultaneously to prevent the pests from migrating from one experimental unit to another.
Data collection and analysis
Parameters and data are recorded on 05 central lines of each experimental unit (elementary plot). The data collected relate to (1) emergence rate, (2) number of nodules/plant, (3) pod yield, (4) number of seeds/pod, (5) 1000-seed weight, and (6) total seed weight/elemental plot.
The data collected was processed using Microsoft Excel and then analysed by ANOVA using XLSTAT software version 2023.3.1.(1416).
RESULTS
[bookmark: _Hlk152586440]The results obtained in the two localities are shown in Tables 1a and b.
Table 1a : Field data of Moudawa
	Repetitions
	Treatments
	Varieties
	ERP
	Nod
	PY
	SP
	W1000
	SW

	2021

	R1
	T1
	V1
	71.79
	15.80
	29.60
	11.48
	150.00
	1.25

	R2
	T1
	V1
	71.17
	15.20
	56.00
	12.04
	200.00
	2.50

	R3
	T1
	V1
	79.63
	15.40
	59.20
	12.76
	200.00
	2.60

	RC
	T2
	V1
	84.62
	15.80
	76.00
	12.84
	200.00
	3.30

	2022

	R1
	T1
	V2
	82.38
	3.60
	41.33
	12.20
	200.00
	2.20

	R2
	T1
	V2
	75.82
	3.80
	40.00
	14.70
	200.00
	2.60

	R3
	T1
	V2
	76.54
	4.00
	40.00
	13.10
	250.00
	2.05

	RC
	T2
	V2
	73.08
	3.40
	27.33
	13.90
	200.00
	1.40


ERP : Emergence Rate of plants (%); Nod: Number of nodes; PY: Pods yield/m2; SP: Seeds per pods; W1000: Weight of 1000 seeds (g); SW: Seed weight (Kg).




Table 1b : Field data of Guidiguis
	Repetitions
	Treatments
	Varieties
	ERP
	Nod
	PY
	SP
	W1000
	SW

	2022

	R1
	T1
	V2
	97.00
	10.0
	14.80
	12.6
	200
	2.6

	R2
	T1
	V2
	96.00
	9.4
	11.66
	12.1
	200
	2.8

	R3
	T1
	V2
	96.00
	9.2
	11.27
	12.9
	200
	2.1

	RC
	T2
	V2
	98.86
	9.0
	15.60
	12.7
	200
	2.2


ERP : Emergence Rate of plants (%); Nod: Number of nodes; PY: Pods yield/m2; SP: Seeds per pods; W1000: Weight of 1000 seeds (g); SW: Seed weight (Kg).
Moudawa
The different results obtained for each parameter studied were compared with those of the control plot. The values obtained are shown in tables 2a and 2b for the years 2021 and 2022 respectively.
[bookmark: _Hlk167178186]Table 2a : Summary of variance analyses for Moudawa in 2021
	
	ERP
	Nod
	PY
	SP
	W1000
	SW

	R²
	0.647
	0.309
	0.522
	0.337
	0.111
	0.481

	F
	3.664
	0.893
	2.186
	1.016
	0.250
	1.856

	Pr > F
	0.196
	0.444
	0.277
	0.420
	0.667
	0.306


Table 2b : Summary of variance analyses for Moudawa in 2022
	 
	ERP
	Nod
	PY
	SP
	W1000
	SW

	R²
	0.436
	0.600
	0.991
	0.070
	0.111
	0.784

	F
	1.547
	3.000
	218.729
	0.150
	0.250
	7.240

	Pr > F
	0.340
	0.225
	0.005
	0.736
	0.667
	0.115



Emergence Rate of Plants and number of nodes
Plant emergence rates ranged from 71.17 to 84.62%, with an average of 76.80 ± 6.48% in the first year. It varied between 73.08 and 82.38 % with an average of 76.96 ± 3.91 % for the second year.
Comparison of the averages for each respective year shows that there is no significant difference between the results obtained by the two treatments.
The number of nodes varied between 15.20 and 15.80, with an average of 15.55 ± 0.30 in the first year (V1). The highest value was obtained with the chemical treatment (Figure 3a). On the other hand, for variety 2, in the second year, the number of nodes ranged from 3.40 to 4.00, with an average of 3.70 ± 0.26. The highest value was obtained with the chemical treatment (Figure 3a). The highest value was obtained with the organic treatment (Figure 3b).
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Figure 3 : Number of nodes of a) variety 1, 2021, b) variety 2, 2022
Comparison of the averages for each respective year shows that there is no significant difference between the results obtained with treatments T1 and T2.
Pods yield and seeds per pods
Pod yield varied from 29.60 to 76.00 with an average of 55.20 ± 19.19 for variety 1. The highest value was obtained with chemical treatment T2 (Figure 4a). With variety 2, the pod yield ranged from 27.33 to 41.33 with an average of 37.17 ± 6.59. The highest yield was obtained with biological treatment T1 (Figure 4b).
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Figure 4 : Pods yield of a) variety 1, 2021, b) variety 2, 2022
Comparison of the averages obtained for variety 1 shows that there is no significant difference between the results obtained with the two treatments. On the other hand, for variety 2, the comparison of the averages between the biological treatment and the chemical treatment shows that there is a significant difference. In fact, the values obtained with the organic treatment are much higher than those obtained with the chemical treatment.
For variety 1, the number of seeds per pod varied between 11.48 and 12.84, with an average of 12.28 ± 0.64. The highest value was obtained with chemical treatment T2 (Figure 5a). For variety 2, the number of seeds per pod ranged from 12.20 to 14.70. The average is 13.48 ± 1.07. The highest value is obtained with the T1 biological treatment, but the chemical treatment has the highest average (Figure 5b).
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Figure 5 : Seeds per pods of a) variety 1, 2021, b) variety 2, 2022
Comparison of the averages for each year respectively shows that there is no significant difference between the results obtained by the two treatments.
Weight of 1000 seeds and seed weight
The weight of 1000 seeds was between 150 and 200 g, with an average of 187.50 ± 25.00 for variety 1. The highest weight was obtained with chemical treatment T2 (Figure 6a). For variety 2, it varies between 200 and 250 g with an average of 212.50 ± 25 g. The highest weight was obtained with biological treatment T1 (Figure 6b).
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Figure 6 : Weight of 1000 seeds a) variety 1, 2021, b) variety 2, 2022
Comparison of the averages obtained each year between the two treatments shows that there is no significant difference between them.
Seed weight varied between 1.25 and 3.30 kg, with an average of 2.41 ± 0.85 kg for variety 1. The highest value was obtained with chemical treatment T2 (Figure 7a). For variety 2, the weight of the seeds ranged from 1.40 to 2.60, with an average of 2.06 ± 0.5 kg. The highest value was obtained with biological treatment T1 (Figure 7b).
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Figure 7 : Seeds weight of a) variety 1, 2021, b) variety 2, 2022
Comparison of the averages for each respective year shows that there is no significant difference between the results obtained with treatments T1 and T2.
Guidiguis
The different results obtained for each parameter studied were compared with those of the control plot. The values obtained in 2022 are shown in Table 3. The results for 2021 are not available because the experimental plot was intruded by animals.
Table 3 : Summary of variance analyses for Guidiguis in 2022
	 
	ERP
	Nod
	PY
	SP
	SW

	R²
	0.878
	0.381
	0.478
	0.060
	0.206

	F
	14.364
	1.231
	1.830
	0.128
	0.519

	Pr > F
	0.063
	0.383
	0.309
	0.755
	0.546



Emergence Rate of Plants and Number of nodes
Plant emergence rates ranged from 96.00 to 98.86%, with an average of 96.97 ± 1.35% for the V2 variety. Comparison of the averages obtained shows that there is no significant difference between the two treatments.
[image: ]
Figure 8: Emergence Rate of plants at Guidiguis
The number of knots varied between 09.00 and 10.00, with an average of 09.40 ± 0.43 in the second year (V2). The highest value was obtained with the organic treatment. Comparison of the averages obtained shows that there is no significant difference between the two treatments.
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Figure 9: Number of nodes at Guidiguis
Pods yield and seeds per pods
Pod yields ranged from 11.27 to 15.60, with an average of 13.33 ± 2.19 for variety 2. The highest value was obtained with the chemical treatment (T2). Comparison of the averages obtained shows that there is no significant difference between the results obtained with the two treatments.
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Figure 10: Pods yield at Guidiguis
The number of seeds per pod for variety 2 varied between 12.10 and 12.90 with an average of 12.58 ± 0.34. The highest value was obtained with the organic treatment (T1). Comparison of the averages shows that there is no significant difference between the results obtained with the two treatments.
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Figure 11: Seeds per pod at Guidiguis

Seed weight
Seed weight varied between 2.10 and 2.80 kg, with an average of 2.43 ± 0.33 kg for variety 2. The highest value was obtained with the organic treatment (T1). Comparison of the averages shows that there is no significant difference between the results obtained with treatments T1 and T2.
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Figure 12: Seeds Weight at Guidiguis
DISCUSSION
The emergence rate of the plants depends on the germination capacity of the seed and therefore on its conservation. The rates obtained are all above 70%. This means that the seed is of good quality. Furthermore, the absence of any significant difference between the rates obtained on the different microplots demonstrates the homogeneity of the experimental plot. Similar results were reported by Waga Mana et al. (2023).
There was no significant difference in the number of knots between the different treatments, regardless of location or variety. However, a significant difference (p = 0.005) was observed at Moudawa in the second year between the organic treatment and the chemical treatment. This difference could be due to the presence of pests. According to Singh and Jackai (1985, 1990), the major insect pests of cowpea in the field are flower thrips, pod borers and brown bugs. Thrips attack cowpea flowers to feed. The cowpea is deprived of its reproductive system, the flowers, and is therefore unable to produce fruit (Bambra and Tiemtoré, 2008; Barry et al., 2022).
Although there was no significant difference between the seed weights for all the treatments and for each variety, the low pod production in Moudawa in the second year had an impact on the seed weight, which was much lower than that obtained with the organic treatment. According to Singh and Allen (1980), Rusoke and Rubaihayo (1994), Edema and Adipala (1996), thrips cause yield losses of 20 to 70%. Pod borers and bugs attack the pods where the seeds are formed and mature. The larvae of pod borers pierce the pod and eat away at its contents, resulting in yield losses. According to Dugje et al. (2009), although borer larvae also feed on the tender parts of the plant, they are more likely to attack the pods. As for bugs, they bite green pods to suck out the sap, drying them out and causing yield losses. The effectiveness of aqueous extracts of neem seeds against insects has been demonstrated by several authors, including Lowery et al. (1993), Mordue (2004), Islam et al. (2007) and Gnago et al. (2010). The same is true of aqueous extracts of garlic and onion, which significantly reduced the density of aphids per plant (Hori, 1996; Trematerra and Lanzotti, 1999; Auger et al., 2002; Auger et al., 2013; Kulimushi et al., 2014).
CONCLUSION
Cowpeas are highly prized in sub-Saharan Africa, not only for their seeds but also for their pods and stalks. But yields are falling due to pest attacks. The aim of this study is to test the effectiveness of a biopesticide, made from local plants, on cowpea growth and yield. The results showed that there was no significant difference between the biological treatment and the chemical treatment in terms of growth and yield. As a result, biological treatment can be substituted for chemical treatment for the well-being of both the population and the environment.
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