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Insecticidal effects of aqueous extracts of Carica papaya, Tithonia diversifolia and Strychnos spinosa leaves on the population density of Aphis gossypii and the foraging activity of Apis mellifera on bell pepper in Ngaoundéré - Cameroon.
ABSTRACT 

	Aims: This study was conducted to evaluate the insecticidal effects of aqueous extracts from Carica papaya, Tithonia diversifolia, and Strychnos spinosa leaves on Aphis gossypii population density and Apis mellifera foraging activity in an experimental field of Capsicum annuum.
Study design: The trials were arranged in a completely randomized block with nine treatments, repeated four times. These included three insecticide treatments, a negative and a positive control to evaluate the population density of A. gossypii, and four treatments to study the activity of honey bees.
Place and Duration of Study: The study was carried out in Ngaoundéré (Adamawa, Cameroon) from August to December 2020 and from March to July 2021.
Methodology: Bell pepper plants were sprayed from the bud stage until fruit ripening at 14-day intervals. The population density of A. gossypii was recorded, and the foraging activity of A. mellifera was monitored.
Results: All bio-insecticide treatments significantly reduced the population density of A. gossypii. The highest density was observed during the rainy season (9.27 ± 1.44) compared to the dry season (5.37 ± 1.35). Among the four insect pollinators recorded on C. annuum flowers, A. mellifera ranked first, accounting for 95.45% and 63.39% of visits in the rainy and dry seasons, respectively. The bees exclusively collected nectar from C. annuum flowers. Foraging activity occurred between 7 a.m. and 1 p.m., with peaks between 10 a.m. and 11 a.m. for all treatments except S. spinosa, which peaked between 8 a.m. and 9 a.m. during the rainy season. In the dry season, a single peak of activity was observed between 10 a.m. and 11 a.m. for all treatments. The abundance of A. mellifera per 1,000 flowers and the mean duration of visits were higher in the C. papaya and T. diversifolia treatments during both seasons.
Conclusion: Apis mellifera was the most dominant pollinator, while Aphis gossypii was the major pest. To protect bell peppers from insect pests while preserving pollinators, especially A. mellifera, botanical insecticides should be considered as an alternative to synthetic insecticides.
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1. INTRODUCTION

Bell pepper (Capsicum annuum) is an annual plant in the Solanaceae family native to Mexico, Central and South America [1]. It is used as a vegetable-fruit in most dishes [2].  Bell pepper fruits are highly nutritious as they contain lycopene, folic acid, calcium, beta-carotene, and vitamins A and C which have antioxidant, anticancer, and anticoagulant properties that protect the body from oxidative damage, cancer, and cardiovascular disease [3]. Unfortunately, their production is limited by biotic constraints such as pests (Aphis gossypii, Bemissia tabaci...) that affect yield. Faced with this problem, farmers in general and in Ngaoundéré in particular often use pesticides inappropriately. This misuse of pesticides leads to human poisoning, environmental pollution and, above all, the elimination of pollinating insects that have a crucial role in food production. Many crops depend in one way or another on entomophilic pollination. These guarantee optimal yields for farmers ; and likewise useful entomofauna including natural enemies of pests [4]. Faced to this alarming situation, it is therefore necessary to develop alternative strategies based on the respect of ecological functionalities to protect bell pepper from insect pest attacks while preserving pollinating insects that make an important contribution to agriculture [5]. Among these strategies, the use of aqueous plant extract [6], which would be an alternative to the use of synthetic pesticides in the control of insect pests [7]. The crude leaf extract of Carica papaya has shown high toxicity towards black bean aphids ; the efficacity of aqueous extracts of Strychnos spinosa has been proven to control crop termite damage [8] and that of Tithonia diversifolia has been demonstrated by [9] for the control of crop hemipterans. Many plants are known and used for their biocidal activities (toxic, repellent, anti-spotted) against a wide range of pests. They can be used in the form of plant extracts in foliar protection. The aim of our study was to test the biocidal effect of aqueous extracts of C. papaya, S. spinosa and T. diversifolia on the main bell pepper pest (Aphis gossipii) and to test this effect on the activity of the major pollinator (Apis mellifera) of bell pepper in the Adamawa Region.

. 

2. material and methods
2.1.Presentation of the study area and biological material
The experiment was conducted in two seasons, from August 06 to December 15, 2020 and from March 1 to July 25, 2021 in Dang, Ngaoundéré, Adamawa Region of Cameroon. The plots were therefore delimited in Bini Dang (7°25'26.42''N, 13°32'24.46''E, 1107.40 m a.s.l.). This region is located in the agro-ecological zone of high altitude Guinean savanna. The climate is characterized by a rainy season (April to October) and a dry season (November to March), with an average annual rainfall of about 1500 mm. The average annual temperature is 22°C, while the average annual relative humidity is 70 % [10]. 

The plant material is constituated of seeds of Capsicum annuum, Yolo Wonder variety bought at Semagri store in Ngaoundéré, Carica papaya, Strychnos spinosa and Tithonia diversifolia collected in Ngaoundéré. The animal material was represented by all the insects present in the investigation site that visited the flowers of C. annuum.
2.2. Preparation of the different aqueous extracts

The aqueous extract of plants (C. papaya, S. spinosa and T. diversifolia) was obtained by the method of Sreekanth [11]. 400g of each of these leaves were weighed using a Precisa electronic balance, pounded separately using a wooden mortar and pestle before being placed in a bucket containing 4 L of water. The mixture was then left to rest for 12 hours. After maceration, the leaves were removed and the mixture was sieved through a 0.2 mm mesh sieve into another bucket. The resulting solutions were each put into a hand sprayer. The substances were sprayed using 4 hand sprayers. Each sprayer corresponds to a treatment, namely the chemical treatment, C. papaya, S. spinosa and T. diversifolia. The aqueous plant extracts were applied at a concentration of 10%. The synthetic insecticide solution based on methomyl (Savahaler) was applied according to the instructions in the leaflet.
2.3. Experimental design 

The implementation of bell pepper cultivation in the rainy and dry seasons was done according to the randomized complete block. A plot of 494 m2 was delimited, cleared, ploughed and divided into four blocks, each of which contained five sub-plots, for a total of 20 sub-plots, each measuring 4 m in length and 3.5 m in width, separated from each other by alleys of 1 m. To this experimental set-up, a total of nine treatments were applied : three plant extracts, a synthetic insecticide control, the untreated control where each treatment will be replicated four times, and four treatments for pollinators. T1, negative control for plots that received no insecticide treatment ; T2, treatment with an aqueous extract of C. papaya leaves ; T3, treatment with an aqueous extract of S. spinosa leaves ; T4, treatment with an aqueous extract of T. diversifolia ; T5, treatment with a synthetic insecticide, Savahaler ; T6, consisting of 120 flowers labeled at the bud stage and unprotected ; T7, consisting of 120 flowers labeled and protected with mesh gauze bags to prevent visitation. Treatments were applied in the afternoon between 5 and 6 p.m., three times at two-week intervals, from transplanting to fruit ripening.
2.4. Parameters studied
2.4.1. Determination of the reproduction system of Capsicum annuum
As soon as the first flower buds appeared, 240 of them were tagged on 120 plants of C. annuum at a rate of 12 plants per sub-plot and two treatments were thus constituted : 


- Treatment 6 : 120 unprotected flowers and on which no insects were captured;  

            - Treatment 7: 120 flowers protected from insects with gauze bags of 1 mm2 mesh.

At harvest, the number of fruits formed was counted in each of the treatments 6 and 7. For each treatment, the fruiting index (Ifr) was calculated using the following formula Ifr = (F7 / F6) where F7 is the number of fruits formed and F6 is the number of flowers initially set [12]. 


The difference between the fruiting indexes of the two treatments was used to calculate the rates of allogamy (TC) and autogamy (TA), according to the following formulas [13] : TC = {[(IfrX - IfrY) / IfrX] * 100}, where IfrX and IfrY are respectively the fruiting indexes in the unprotected and protected treatments. TA = [100 - TC].

2.4.2. Study  of population of Aphis gossypii
Population assessment of Aphis gossypii on bell pepper was performed one week after transplanting, and their dynamics were assessed daily in the center rows of each elementary plot.  Individuals of A. gossypii were counted in 7 days at a rate of 32/60 plants per elementary plot. Treatments were applied between 5 - 6 pm, which corresponds to the period of low flower visitation by pollinators insects. 
2.4.3. Study of the foraging activity of Apis mellifera on the flowers of Capsicum annuum according to the different treatments
From November 1 to 22, 2020, and April 7 to 23, 2021, observations were made every day, on the flowers, according to six daily time slots : 6-7 am, 8-9 am, 10-11 am, 12-1 pm, 2-3 pm, and 4-5 pm. Insects visiting C. annuum flowers were recorded at each daily time slot during the flowering period. All insects encountered on the flowers were recorded and the cumulative results expressed as the number of visits were used to determine the relative frequency of A. mellifera (Fx) among the flowering insects of C. annuum [14].

For each study season, Fx =Vx/Vi x 100 

Where Vx is the number of visits of A. mellifera to flowers in the free treatment and, Vi is the total number of insect visits on flowers in the same treatment. 

During our research, before starting the recording of visits, the number of open flowers was counted. On the same days as for the recording of the frequency of visits, the floral products (nectar and/or pollen) collected by each bee were recorded for the same date and daily time range. The duration of visit was recorded (using a stopwatch) in six daily time slots : 7-8 am, 9-10 am, 11-12 am, 1-2 pm, 3-4 pm, and 5-6 pm. Foraging speed, expressed as the number of flowers visited by a bee per minute according to Jacob-Remacle [15], was calculated using the following formula :

Vb = Fi/di x 60

Where di is the time given by the stopwatch and Fi is the number of flowers visited during di.

Forager abundance per flower or per 1000 flowers (A1000) was recorded on the same dates and time slots as the duration of the visits. Abundance per flower was recorded following a direct count. To determine abundance per 1000 flowers, some foragers were counted on a known number of open flowers and A1000 was calculated using the following formula [16]:

A1000 = Ax/Fx*1000 

Where Fx and Ax are respectively the number of flowers and the number of foragers counted on these flowers at time x.

Disruption of forager activity by competitors and/or predators and the attractiveness of other plant species to this insect were assessed by direct observations. For the second parameter, the number of times the worker bee moved from the flowers of C. annuum to those of another plant species and vice versa was recorded throughout the investigation periods. During each day, station temperature and relative humidity were recorded every 30 minutes using a mobile thermo-hygrometer (HT-9227) installed in the shade.
2.5. Identification of Insect Specimens 

Plants were identified in situ or photographed and a sample of leaves, bark, flowers and fruits allowed identification in the laboratory. Insects were identified to the species level using a magnifying glass, keys and illustrated catalogues [26-32] in the Laboratory of Applied Zoology, Department of Biological Sciences, Faculty of Science, University of Ngaoundere, where voucher specimens were deposited. In order to consider recent developments in the taxonomy of we consulted recent reports. 
2.6. Statistical Data Analysis  
Data were analyzed using Statistical Programm for Social Science (SPSS) 2.0 software. The density of Aphis gossypii was subjected to analysis of variance (ANOVA) to compare means, while Tukey's test was used to separate them. Plots were plotted using Microsoft Excel 2016 software. 

We also used Student's t test for the comparison of the means of the two samples, Pearson's correlation coefficient (r) for studying the association between two variables, and chi-square (χ2) for comparison of percentages.

3. results 

3.1. Capsicum annuum reproduction mode

The fruiting index was 0.99 and 0.72 in treatments 6 and 7 respectively. 

Thus, TC = 27.27% and TA = 72.73%. 


Therefore C. annuum has a mixed allogamous - autogamous mode of reproduction, with autogamy predominating. 

3.2. Insect pests recorded on Capsicum annuum
Among the 6141 and 2770 visits of 11 and 10 species of insect pests recorded on C. annuum during the rainy and dry seasons respectively, Aphis gossypii ranked first with 5456 (88.84%) and 2122 (76.60%) respectively. The difference between these two percentages is highly significant (χ2 = 224.78; df = 1; P < 0.001).

Table 1 : Abundance and diversity of insects pests of Capsicum annuum during the rainy and dry seasons.

	Order
	Family
	Genus, Species
	Rainy season
	 Dry season                      
	Total

	
	n1 
	 p1 (%) 
	n n2    
	p2 (%)
	nr 
	 pr (%) 

	Coleoptera
	Curculioridae     
	Anthonomus sp. (st)
	16
	0,26
	15
	0,54
	 31
	0,35

	Diptera                
	Agromyzidae
	Liriomyza sativae (l)                
	72
	1,17
	16
	0,58
	88
	0,99

	Hemiptera                    
	Aphidae
	Aphis gossypii  (l)                   
	5456
	88,84
	2122
	76,60
	 7578
	85,04

	
	Aleyrodidae         
	Bemisia tabaci (l), (fl)
	376
	6,12
	356
	12,85
	732
	8,21

	
	Pentatomidae        
	Halyomorpha halys (l) 
	15
	0,24
	11
	0,40
	26
	0,29

	
	
	Acrosterum Hilaire (l), (fl)             
	11
	0,17
	-
	-
	11
	0,12

	Heteroptera                  
	Coreidae
	Anolplocemis curvipes (l)
	18
	0,29
	17
	0,61
	35
	0,39

	Orthoptera          
	Gryllacrididae
	Borneogryllacris sp. (l)          
	15
	0,24
	58
	2,10
	73
	0,82

	
	Noctuidae             
	Helicoverpa armigera (l)      
	5
	0,08
	18
	0,65
	23
	0,26

	
	Tettigoniidae        
	Tettigonia viridissima (l), (fl)        
	137
	2,23
	152
	5,49
	289
	3,24

	Thysanoptera
	Thripidae
	Megalurothrips sjostedti (l), (fl)      
	20
	0,32
	5
	0,18
	25
	0,28

	                     Total
	11 species                 
	6141
	100
	2770
	100
	8911
	100


n1 and n2: number of individuals on bell pepper leaves, flowers and stems in rainy and dry conditions, respectively; p: percentage of individuals; p1 = (n1/6141) * 100; p2 = (n2/2770) * 100; χ2 = 224.78; df = 1; P < 0.001; l: leaves, fl: flowers, st: stems; sp: unidentified species.

3.3. Effect of treatments on population density of Aphis gossypii 

The effect of the different insecticides on the population density of Aphis gossypii is summarized in Table 3. From this table, in the rainy season, it appears that there was a significant difference (P < 0.05) in the population density of A. gossypii in C. papaya, S. spinosa. The aqueous extracts of C. papaya and S. spinosa caused a significant (P < 0.05) decrease in the population of A. gossypii. In the dry season, it appears that there was a significant difference (P < 0.05) in the population density of A. gossypii in C. papaya, T. diversifolia and Savahaler. The aqueous extracts of C. papaya and Savahaler caused a significant (P < 0.05) decrease in the population of A. gossypii.

Table 2 : Density of Aphis gossypii on bell pepper as a function of insecticide treatments for 43 days after transplanting in the rainy (A) and dry seasons (B).

A- Rainy season

	Treatments
	Days After Transplanting (DAT)
	F (7,16)



	
	43
	50
	57
	64
	71
	

	Control
	0,00±0,00C
	36.25±15.86B
	51.25±24.69B
	145,00±50,41AB
	367,50±133,50A
	3,54ns

	Carica  papaya
	0,00±0,00C
	10.00±2.88AB
	15.00±3.53AB
	42.50±14,93AB
	131,25±34,30A
	7,82*

	Strychnos  spinosa
	0,00±0,00B
	15,00±10,00AB
	30,00±10,00AB
	103,33±38,44A
	187,50±34,24A
	6,71*

	Tithonia diversifolia
	0,00±0,00
	20,00±7,63
	18,75±5,54
	52,50±19,31
	167,50±18,87
	22,14ns

	Savahaler
	0,00±0,00
	5,00±0,00
	18,75±5,54
	11,66±1,66
	13,00±3,00
	3,82ns

	F(4, 15)
	-
	0,89ns
	1,48ns
	2,80ns
	2,69ns
	


Each value represents the mean ± MSE. Means in the same row followed by the same capital letters are not statistically different according to Tukey's test at the 5% level. (-) estimation of F value is not possible because of equal variance. ns = nonsignificant difference (P > 0.05) ; (* P < 0.05) significant difference.

B- Dry season

	Treatments
	Days After Transplanting (DAT)
	F (7,16)  



	
	43
	50
	57
	64
	71
	

	Control
	0,00±0,00
	27.06±10.23B
	36.52±19.77B
	89,00±30,23AB
	189,50±68,40A
	1,80ns

	Carica  papaya
	0,00±0,00C
	8.00±1.05AB
	13.00±2.88AB
	38.50±12,00AB
	102,20±38,30A
	6,70*

	Strychnos  spinosa
	0,00±0,00
	18,00±6,36
	19,45±4,66
	45,30±17,39
	104,50±39,07
	19,10ns

	Tithonia diversifolia
	0,00±0,00B
	13,00±10,00AB
	26,00±8,00AB
	83,33±27,29A
	144,50±40,24A
	5,32*

	Savahaler  
	0,00±0,00
	5,00±0,00
	18,00±5,00
	8,33±0,89
	11,00±2,00
	3,00*

	F(4, 15)
	-
	0,80ns
	1,26ns
	2,20ns
	2,17ns
	


Each value represents the mean ± MSE. Means in the same row followed by the same capital letters are not statistically different according to Tukey's test at the 5% level. (-) estimation of F value is not possible because of equal variance. ns = nonsignificant difference (P> 0.05); (* P <0.05) significant difference.

3.4. Activity of Apis mellifera on the flowers of Capsicum annuum
3.4.1. Frequency of visits 
Among the 66 and 112 visits of 2 and 4 insect species recorded on its flowers in the rainy and dry seasons, respectively, A. mellifera ranked first with 63 visits (95.45%) and 71 visits (63.39%) in the rainy and dry seasons, respectively (Table 5). The difference between these two percentages is highly significant (χ2 = 22.94; df = 1 ; P < 0.001).

Table 3 : Diversity of insect pollinators of Capsicum annuum during the the rainy and dry seasons.

	Order
	Family
	Genus, Species
	Rainy season
	      Dry season
	Total

	
	n1
	p1  (%)
	n2
	p2 (%)
	nT
	pT (%)

	Hymenoptera
	  Apidae
	  Apis mellifera (ne)
	63
	95.45
	71
	63.39
	134
	75.28

	
	
	 Xylocopa olivacea (ne, po)
	-
	-
	27
	24.11
	27
	15.17

	
	Vespidae
	Belonogaster juncea (ne)
	3
	4,55
	9
	8.04
	12
	6.74

	Lepidoptera
	Nymphalidae
	Hypolimnas misippus (ne)
	-
	-
	5
	4.46
	5
	2.81

	Total
	
	4 species
	66
	100
	112
	100
	178
	100


n1: number of visits to 120 flowers in four days; n2: number of visits to 120 flowers in four days; percentage of visits p1 = (n1 / 66)*100; p2 = (n2/ 112)*100; Comparison of Apis mellifera visit percentages (rainy / dry): (2 = 22.94; df = 1; P < 0.001); Ne: nectar collection; Po: pollen collection;

3.4.2. Collected floral products 

Based on our observations and during both flowering periods of C. annuum, A. mellifera was found to collect nectar from the flowers (Fig. 1).


Figure 1: Apis mellifera worker collecting nectar from a Capsicum annuum flower in Ngaoundéré.

Figure 2 shows the distribution of A. mellifera visits on C. annuum flowers in the different treatments according to the hours of daily observation in Ngaoundéré in the wet season (A) and dry season (B) in 2020.

3.4. 3. Daily visits 

Worker bees visits were recorded on C. annuum flowers between 7 am and 1 pm. The period of bee activity coincided with the opening of the flowers of this Solanaceae. The correlation was not significant between the number of visits of A. mellifera and relative humidity in the rainy season (r = 0.30; df = 4; P > 0.05) and in the dry season (r = 0.23; df = 4; P > 0.05) (Figure 2). The correlation was not significant between the number of A. mellifera visits and temperature in the wet season (r = 0.47; df = 4; P > 0.05) and dry season (r = 0.58; df = 4; P > 0.05).
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Figure 2: Daily distribution of Apis mellifera visits on Capsicum annuum flowers on rainy days (A) and dry days (B) according to the influence of average temperature and average humidity in Ngaoundéré.

3.4.4. Duration of a visit per flower 

In the wet season, the mean duration of a flower visit was 8.75 sec (n = 740; s = 0.18), while in the dry season the mean was 8.74 sec (n = 761; s = 0.11), giving a very highly significant difference (t = 1.29; df = 1499; P < 0.001) between the two sampling seasons. For both seasons combined the mean duration of a flower visit was 8.75 sec.

Table 4: Average visit duration of Apis mellifera in different Capsicum annuum treatments.

	Treatements
	Rainy season
	Dry season

	
	Nectar
	Nectar

	
	n
	m ± sd
	n
	m ± sd

	Control
	162
	9,08±0,46A
	132
	8,19±0,40B

	Carica papaya
	206
	9,50±0,32A
	199
	9,63±0,36A

	Strychnos spinosa
	102
	8,72±0,40AB
	124
	8,45±0,31BB

	Tithonia diversifolia
	146
	7,73±0,33B
	181
	9,14±0,34A

	Savahaler
	124
	8,31±0,56AB
	125
	8,33±0,57B

	
	F (4,735)
	2,94*
	F(4,756)
	3,14*


Each value represents the mean ± SEM. Means in the same respective column and row followed by the same lowercase and uppercase letters are not statistically different according to Tukey's test at the 5% threshold. (*P < 0.05) significant difference; n = number of patients.

3.4.5. Abundance of foragers Apis mellifera 

The highest average number of simultaneously active Apis mellifera was 1 per flower (n = 158; s = 0) and 14 (n = 158; s = 8) per 1000 flowers during the rainy season. For the dry season, the corresponding numbers were 1 per flower (n = 243; s = 0) and 15 (n = 243; s = 11) per 1000 flowers. 

In the rainy season, the highest average number of simultaneously active Apis mellifera was one per flower (n = 443, s = 0) and 47.74 per 1000 flowers (n = 443; s = 1.10). In the dry season, the corresponding numbers were one per flower (n = 466, s = 0) and 47.65 per 1000 flowers (n = 466, s = 1.69). The difference between the mean number of A. mellifera per 1000 flowers in the wet season and in the dry season was high significant (t = 1.12; df = 1202; P < 0.001).

Table 5 : Abundance per 1000 flowers of foragers Apis mellifera in the different subplots during the rainy and dry seasons

	Treatements
	Abudance per 1000 flowers

	
	Rainy season
	      Dry season

	
	n
	m ± sd
	n
	m ± sd

	  Control
	88
	49,25±2,50   
	79
	47,79 ± 2,44b

	Carica papaya
	82
	46,45±2,57   
	108
	47,97 ± 2,48a

	Strychnos spinosa
	74
	43,35±2,06
	91
	44,33 ± 2,02ab

	Tithonia diversifolia
	112
	52,15±2,44   
	112
	52,16 ± 2,50a

	  Savahaler
	87
	45,48±2,45
	76
	45,99 ± 2,90b

	 
	F (4,438)
	2,04ns
	F(4,461)
	3,77*


For each treatment and at a given season, values in the same column with the same letter are not significantly different at the indicated probability level. ns = nonsignificant difference (P> 0.05); (*P < 0.05) significant difference; n = size.

3.4.6. Foraging speed of Apis mellifera on Capsicum annuum flowers 

During our observations, A. mellifera visited between 0.99 and 15 flowers/min in the rainy season and between 1.22 and 16.67 flowers/min in the dry season. The average foraging speed was 12 flowers per minute (n = 107; s = 7) in the rainy season and 14 flowers per minute (n = 162; s = 8) in the dry season. Table 5 shows the average foraging speed of A. mellifera under the different treatments. The difference between these means is not significant (t = 0.28; df = 190; P < 0.05). 

For both seasons combined, the average foraging rate was 4.37 flowers/min.

During observations, A. mellifera visited between 7.24 and 7.29 flowers/min in 2010 and between one and 35 flowers/min in 2011. The average foraging rate was 46.94 flowers/min (n = 117, s = 38.05) in 2010 and 53 flowers/min (n = 91, s = 41.27) in 2011. The difference between these means was not significant (t = 1.01; df = 206; P > 0.05). For the two years combined, the average foraging speed was 49.77 flowers/min.

Table 6 : Average speed of foraging of Apis mellifera according to the various treatments of Capsicum annuum in rainy season and in dry season.

	Traitement
	Rainy season
	Dry season

	
	n
	m ± sd
	N
	m ± sd

	 Control
	      93
	7,54 ± 0,54
	97
	6,91 ± 1,06a

	Carica papaya
	117
	6,41 ±0,33
	106
	8,02 ±1,43a

	Strychnos spinosa
	58
	6,85 ± 0,53
	62
	6,56 ±1,10b

	Tithonia diversifolia
	81
	8,08 ± 0,53
	81
	8,08 ±1,00b

	Savahaler
	85
	7,54±0,45    
	84
	6,90± 1,33b

	
	F(4,424)
	2,10ns
	F(4,425)
	2,27**


Each value represents the mean ± MSE. ns = nonsignificant difference (P > 0.05); (**P < 0.01) highly significant difference; n = size.

3.5. Influence of neighboring flowers 

During each observation period, the flowers of many other plant species surrounding the study area were visited by A. mellifera, for nectar and/or pollen. These included Tithonia diversifolia, Phaseolus vulgaris, Richardia scabra, Hibiscus sabdariffa, and Vigna unguiculata.

3.6. Influence of wildlife 

Worker bees were disturbed in their foraging activity by biotic factors such as other arthropods that were either competitors for nectar and/or pollen and abiotic factors such as wind, rain, and temperature. These disturbances caused some visits to be interrupted. In wet weather, for 740 visits, 64 (8.64%) were interrupted by other A. mellifera individuals. While in dry weather for 761 visits, 41 (5.48%) were interrupted by other individuals of A. mellifera. For their loading of floral products, some A. mellifera individuals with such disturbances were forced to visit more flowers during the corresponding foraging trip.

4. DISCUSSION

Capsicum annuum has a mixed allogamous - autogamous mode of reproduction, with a predominance of autogamy. These results are in agreement with those obtained by Cruz et al. [17] in Brazil and Chaine-Dogimont [18] in Paris who showed that bell pepper has a mixed allogamous - self-pollinating reproductive system with a predominance of autogamy.

During the observation period, 11 species of insect pests were counted with 6141 individuals in the rainy season and 10 species with 2770 individuals in the dry season on the different parts of C. annuum (stem, leaves and flowers). Among all these insect pests recorded on bell pepper, A. gossypii occupies the first place with 88.84% and 76.60% of the individuals in the rainy and dry seasons respectively and this insect attacks preferentially the leaves of bell pepper.  Our results are similar to those obtained by Djieto-Lordon et al. [19] who mentioned the abundance of A. gossypii on this species. When it comes to the effects of the aqueous extract of the leaves of C. papaya, S. spinosa and T. diversifolia on the population of A. gossypii, we note that the aqueous extracts of the plants and the positive control (Savahaler) have a significant (P < 0.05) effect on the population of A. gossypii compared to the negative control. Our results corroborate those of Mochiah et al. [20] who reported a significant reduction of A. gossypii on okra after treatment with C. papaya extract. Asare-Bediako et al. [21] supported the observations made by Kambou & Guissou [22] by highlighting the ability of C. papaya extract to minimize the severity of whitefly virosis and increase the yield of treated plots. Similarly the efficacy of Carica papaya has been demonstrated to control black bean aphids, the efficacy of S. spinosa aqueous extract has been proven for the control of crop termite damage [8], and that of Tithonia diversifolia has been highlighted by Tembo et al. [9] for the control of hemipterans.

66 visits of two species of insect pollinators were counted during the rainy season and 112 visits of four species on 120 flowers of C. annuum. From this table, it appears that among the insect pollinators of C. annuum, A. mellifera occupies the first place with 95.45% and 63.39% of the visits in the rainy and dry seasons, respectively. Similar results were obtained by Soli et al. [3] in Kenya and Pereira et al. [23] who recorded that A. mellifera is known as a major visitor of this Solanaceae.

The high frequency of A. mellifera visits to pepper flowers could be explained by the good attractiveness of the floral products of this plant to this bee. During the observation periods on C. annuum flowers, A. mellifera workers exclusively collected nectar.

For both seasons, the visit of A. mellifera on C. annuum flowers was from 7 am to 1pm with two peaks of activity. A peak of activity between 10 and 11am for all treatments except for S. spinosa whose peak is located between 8 and 9 am in the rainy season. 

These peaks of activity correspond to the availability of floral products of species of the Solanaceae family. On the other hand, this difference in the intra-season peak activity between the control and treated plots could be explained by the fact that bees are attracted by the combination of flower pheromones and insecticides. And that of the inter - season between the time slots. The low activity of A. mellifera observed on the flowers during the other time slots could be explained by the fact that, when the booty is no longer easily exploitable or when it decreases in quantity and/or quality, the foragers decrease or stop their activity on the flowers so that the energy spent for foraging is not greater than that obtained from the booty [24]. The mean abundance per 1000 flowers demonstrates the good attractiveness of the nectar of C. annuum for A. mellifera.

This is due to the natural ability of honey bees to recruit large numbers of workers to exploit an attractive food source [25]. The highest abundances per 1000 flowers observed in the subplot treated with T. diversifolia demonstrate the good attractiveness of the nectar of C. annuum and the influence of the odoriferous elements contained in the aqueous extracts of the plants (T. diversifolia) against the workers of A. mellifera. The low abundance of foragers in savahaler-treated subplots may be explained by the repulsive effect of synthetic insecticides on these floral insects [33]. 

In addition, bees were more attracted to the subplots treated with C. papaya and T. divesifolia than other subplots. This could be explained on the one hand by the accessibility and availability of floral product, and on the other hand by the presence of odoriferous elements in the aqueous extracts of these two plants, which have an attractive role for the bees.

When collecting nectar from each flower, the workers of A. mellifera regularly come into contact with the anthers and stigma. In this way, they can promote self-pollination by depositing pollen from a flower on its own stigma. A. mellifera could provide allogamous pollination by carrying pollen in its hairs, silk, legs, mouthparts, thorax, and abdomen, which is then deposited on flowers belonging to another plant of the same species (geitogamy) [34]. 

The mean foraging visit varied with different insecticide treatments. In addition, bees were more attracted to the subplots treated with C. papaya than to the other subplots. The observed variations in foraging rates could be justified by accessibility, availability of floral products, distances between the flowers exploited during the different foraging trips and also by the influence of the aqueous extract of the plant studied.

Conclusion

The present work is a contribution to the understanding of the impact of botanical insecticides (Carica papaya, Tithonia diversifolia, and Strychnos spinosa) on the entomofauna of Capsicum annuum for their optimal management in Cameroon. This study revealed that C. annuum is visited by a total of 15 insect species. Among them, 11 species are pests of which Aphis gossypii, the majority (85.04%), preferentially attacks the leaves of this Solanaceae and 4 species of insects are pollinators amount which A. mellifera occupies the first place with 75.28% of visits. The activity of this bee began from 7am to 1pm for both seasons. The mean abundance per 1000 flowers, visit duration and foraging speed of A. mellifera were higher in the subplots treated with C. papaya and T. diversifolia than in the other subplots for both seasons. A. mellifera collected nectar exclusively. In order to protect field bell pepper from insect pests while preserving insect pollinators, especially A. mellifera, it would be wise to use botanical insecticides as an alternative to the excessive use of synthetic insecticides.
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