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Abstract - Arthropod crop pests are a constant threat to horticultural production. Most arthropod families are poorly known in
the agroecological zone of southern Benin, as little research has been carried out. A better knowledge of pests facilitates the
choice of control strategies. This study aims to determine the occurrence and specific diversity of pests associated with vegetable
crops. An inventory of arthropod crop pests was carried out in the communes of Sakété, Séemeé-kpodji, Lokossa and Djakotomey.
Ecological indices were calculated to assess pest diversity. The intensity of the relationship between the different localities,
taking into account the abundance of the species according to the different families, was determined using a simple factorial
correspondence analysis. The inventory showed that the insects associated with tomato, cabbage, amaranth and greater
nightshade cultivation in southern Benin are represented by nine (9) orders and forty-seven (47) families. Although the majority

of these insects are pests, a number of predators and pollinators are also present. Determining the entomofauna of these crops

in these localities is a tool that can be used to design insect pest management strategies.
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1. Introduction

In Africa, food and nutritional security and poverty
reduction remain the main challenges. Agriculture is one of
the main sectors of activity that contributes to the socio-
economic development of populations and reduces rural
poverty (Adjatini et al., 2019). In countries with an
agricultural vocation, agriculture employs 65% of the working
population. In the Agriculture sector, market gardening plays
an important role in human nutrition and effectively meets
food demand (Thomas, 2012). Although agriculture is one of
the main sectors of activity contributing to the socio-economic
development of populations. This sector employs more than
40% of the world's working population, including more than
52% in Africa (Ajatin, 2019; Yarou et al.,2017). In the
agricultural sector, market garden crops play an important role
in human nutrition and are an effective response to urban food
demand (FAO 2012). However, the income generated by
market gardening enables several hundred families to meet
their daily needs, contributing to the integration and poverty
reduction of rural populations (Maniriho, 2021). Market
gardening is an important source of food and one of the most
income-generating activities (Tendeng et al., 2017). Market
garden production, especially leafy vegetables, has become an

important part of agriculture in the towns of southern Benin
(Agossou et al., 2001). Indeed, in terms of market garden
crops, leafy vegetables occupy second place in South Benin
behind tomatoes, with a surface area of 1,496 ha and total
production of 10,600 T (Colin., 1991). Among the market
garden crops produced in Benin, leafy vegetables are the most
widely consumed (62.5%), with traditional leafy vegetables
accounting for the majority (89%). These traditional leafy
vegetables are part of the daily diet of almost all Beninese
(Houssou., 1995). The production of leafy vegetables is an
equally important branch of the market-gardening sector, as
leafy vegetables are an important part of Beninese
gastronomy. In southern Benin, the most widely produced
leafy vegetables are gboma (Solanum macrocarpon),
amaranth  (Amaranthus  cruentus), basil  (Ocimum
gratissimum) (Ahouangninou et al., 2013).

According to Mensah et al. (2019), gboma is a traditional
vegetable much appreciated by people in southern Benin. This
being said market garden crops face enormous constraints,
including those linked to land tenure (precarious rental status,
scarcity of available land), the precariousness and
vulnerability of production systems (Aman et al., 2021), insect
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attacks and pathologies affecting the qualitative and
quantitative yield of produce (Soro et al.,2018), the marketing
of agricultural produce and, above all, insalubrity and
pollution due to the presence of uncontrolled landfill sites on
market garden crop sites. In Benin's agroecological zones,
vegetable production is subject to a number of constraints,
including the pressure of insect pests. Insect pests are a
constant threat to horticultural production. Chemical control is
the main strategy advocated against pests. To control pests in
Benin, growers most often use chemical pesticides
(Ahouangninou et al., 2019). The use of pesticides and
chemical fertilizers presents health risks for producers,
consumers and the environment (Le Bars et al., 2020). These
crops provide cheap protein, vitamins and other essential
elements for health and well-being (James et al., 2010).

Unfortunately, with the development of new vegetable
production zones, the list of pests of certain crops such as
tomato, nightshade, pigweed and cabbage is not yet
sufficiently established in southern Benin. So, the preliminary
step to successfully protecting these The key to success in crop
production is knowledge of pests. It is for this reason that the
present study proposes to inventory the entomofauna of
tomato, greater nightshade, amaranth and cabbage fields in
order to envisage more effective and sustainable phytosanitary
protection of these crops in the communes of Sakété, Semé-
Kpodji, Lokossa and Djakotomey. The specific aim is to
collect samples of insect pests and beneficial insects found on
the plants and to identify each insect sample collected.

2. Material and Methods
2.1. Study Area

The study was carried out in the southern Benin region. It
was carried out in four localities in the southern region of
Benin from April to September 2022. These were the
departments of Mono, Couffo, Oueme and Plateau in the
municipalities of Lokossa, Djakotomey, Sémeé-kpodji and
Sakété, respectively (Figurel). This area enjoys a sub-
equatorial climate, with two rainy seasons (March to July and
September to November) and two dry seasons (December to
March and July to September).

Daily temperatures range from 26°C to 31°C, with annual
rainfall averaging 1,200 mm (INSAE, 2012). The study sites
are located at (Lokossa: 6°21'48.31 "N; 2°05'31.18 "E;
Djakotomey: 6°21'32,034 "N, 2°23'11,44 "E; Sémé:
6°25'19,70", 2°35'45,60 "E; Sakété: 6°26'17,71 "N, 2°1'24,95
"E) latitude and longitude. Trapping was carried out in the four
departments where the four different crops (cabbage, tomato,
greater nightshade and amaranth) are grown, in different
localities within each department. Insect trapping was carried
out from the transplanting stage through to fruiting and
ripening of the first fruits. The fields in which the traps were
set were at least 200m? (10 m x 10 m) in size. No phytosanitary
treatments were applied to these fields throughout the trial
period.
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2.2. Methods
2.2.1. Insect Collection and Identification

Four active methods were used to collect insects
associated with amaranth, cabbage, nightshade and tomato.
Barber or pitfall trap (Barber, 1931): used to capture mobile
epigeous insects. It consists of a pipe 15 cm high and 10 cm in
diameter. A 10 cm-diameter funnel was placed above a bottle
containing 70% alcohol.

The whole unit is placed in a previously dug hole. The
upper end of the pipe is level with the ground. Eight of these
traps are installed in each field. Four traps are installed at the
ends of each field and four in the middle, eight meters apart.
A plastic roof is fitted over the traps to prevent flooding by
direct rainfall and clogging by leaves or debris. Bottles are
changed every 4 days.

The mowing net was used for collection. Its use consisted
of moving forward in the field mowing any insects flying over
the plants under study. This method is difficult to standardize,
as the way of mowing varies from one individual to another.
Capture was carried out 3 times a week during the
experimental period. Capture was carried out between 8 and
10 a.m. in the morning and between 5 and 7 p.m. The third
active method consisted of beating with a stick.

The crops under study were lightly shaken so as to cause
the insects on the plants to fall into a 10 cm diameter funnel
placed above a bottle containing 70% alcohol. The water trap
was the final method used in this study: the water trap
consisted of a coloured bowl filled with water, which attracts
many flying insects. It was placed on the ground or a raised
support if the vegetation was tall. The insects enter and drown.
Depending on their color, the traps attracted different groups
of insects. The traps were filled with water to within 3 cm of
the rim, and a few drops of detergent were added to reduce
surface tension.

2.2.2. Preparation and Storage of Collected Insects

Collected insects were preserved in vials containing a
70% ethanol solution. After sorting and classification on the
basis of external morphology, the insects were identified at the
Applied Biology Research Laboratory of the Ecole
Polytechnique d'’Abomey-Calavi up to family taxonomic level
using a binocular magnifying glass. Several entomological
systematics keys were used for identification (Delvare &
Aberlenc, 1989; Eardley et al., 2009; Chinery, 2012; Mignon
et al., 2016) and the catalog Arthropods of vegetable crops in
West and Central Africa, Mayotte and Réunion by Bordat &
Arvanitakis (2004); catalog of the main pests of vegetable
crops in Benin Bordat et Goudegnon (1991) to categorize
insect families into functional groups. Specimens were then
recognized and classified into genus and species by
observation of the samples collected and comparison with
collections in the 1ITA Benin Entomological Museum by the
specialist.
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Fig. 1 Location map of collection sites in southern Benin

3. Data Analysis
3.1. Estimation of Relative Abundance and Diversity of
Insect Families
3.1.1. Assessment of Pest Diversity

Relative abundance (F) was determined after counting
individuals per family. F(%)=n_ix100/N, where n_i is the
number of individuals at a given taxonomic level. To assess
family diversity, the Shannon index (H"), which evaluates the
diversity of taxa (in this case, families) in each environment
under consideration, was determined using Magurran's (2004)
formula: HM=-3p i In(p_i); p_i=n i/N with n_i the
abundance of the ith family, and N the total abundance. Next,
the equitability (E) associated with the Shannon index was
calculated. It is defined by: E=H"/(H" max) with H™
max=In(S) (maximum Shannon diversity) and S the total
number of families E lies between 0 and 1. If it tends towards
0, this means that almost all the numbers are concentrated in
one family. On the other hand, if all families have the same
abundance, E tends towards 1. Finally, Simpson's index (D),
which measures the probability that two randomly selected
individuals belong to the same taxonomic level, was also
determined and is defined by :

D=1— xni(ni—1)
N(N-1)
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With n_i, the number of individuals in the given family
and N, the total number of individuals in all the families
considered. This index varies between 0 (minimum diversity)
and 1 (maximum diversity).

3.2. Correspondence Factor Analysis (CFA)

The intensity of the relationship between different
localities, taking into account the abundance of the species
according to the different families, was determined using a
factorial analysis. Simple Correspondence Analysis (SCA)
with the CA function of the FactoMineR package (Solymos et
al., 2020) of the R 4.1.3 software (R Core Team, 2022).

3.3. Poisson Mixed-effects Model

Two generalized linear mixed-effect models were fitted,
including the Poisson model with the glmer function from the
Ime4 package (Douglas et al.,2015) and the negative binomial
model using the glmer.nb function from the MASS package
(Venables & Ripley, 2002) of R 4.1.3 software (R Core Team,
2022). The speculation factor was considered a fixed factor,
and the locality factor was a random factor. To select the best
model, the Akaike Information Criterion (AIC) was used. The
best-performing model is the one with a low AIC. The
marginal and conditional R"2 of the Generalized Linear
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Mixed Poisson model were calculated using the
r.squaredGLMM function in the MuMIn package (Barto,
2016), which implements the method developed by Nakagawa
and Schielzeth (2013). The marginal R*2 gives the variance
explained by the fixed effects, and the conditional R"2 gives
the variance explained by the whole model, i.e. both the fixed
and random effects.

4. Results
4.1. Overall Insect Abundance

A total of 6906 insects were collected in the four
communes of southern Benin, as follows: Djakotomey (2078
individuals), Lokossa (1522 individuals), Sakété (1410
individuals) and Semeé-Kpodji (1896 individuals). These
insects were identified at the family taxonomic level. They are

divided into nine (09) orders: Heteroptera (7.95%),
Homoptera (20.55%), Coleoptera (12.57%), Lepidoptera
(24.63%), Diptera  (8.71%), Orthoptera  (8.24%),
Hymenoptera (9.31%), Thysanoptera (4.31%), and Odonata
(3.73%). The relative abundance of these species is shown by
locality (Figure 11).

4.2. Pest diversity by crop and locality

The nine (09) orders of insects are present on the four
crops (cabbage, nightshade, tomato and amaranth) in given
proportions in each department covered by our study. The
most represented orders are Lepidoptera, Homoptera,
Coleoptera and Hymenoptera. The following table shows the
abundance of these insects by species for each of the localities
covered by the data collection.

Table 1. Pest diversity by species and locality

Speculation Order Djakotomey Lokossa Sakété Sémé-kpodji
Coleoptera 66 (15,82%) 72 (20,16%) 51 (13,89%) 60 (12,24%)
Diptera 27 (6,47%) 19 (5,32%) 11 (2,99%) 25 (5,51%)
Hemiptera 38 (9,11%) 78 (21,84%) 50 (13,62%) 47 (10,37%)
Lepidoptera 26 (6,23%) 40 (11,20%) 34 (9,26%) 54 (11,92%)
Amaranthus Orthoptera 12 (2,87%) 14 (3,92%) 11 (2,99%) 14 (3,09%)
Homoptera 205 (49,16%) 105 (29,41%) 157(42,77%) 200 (44,15%)
Hymenoptera 31 (7,43%) 20 (5,60%) 46 (12,53%) 35 (7,72%)
Thysanoptera 9 (2,15%) 8 (2,24%) 5 (1,36 %) 10 (2,20 %)
Odonates 3(0,71%) 1(0,28) 2 (0,54 %) 8 (1,76 %)
Coléoptera 30 (6,03%) 65 (11,26%) 36 (11,42%) 71 (14,03%)
Diptera 11 (2,21%) 22 (3,81%) 21 (6,66%) 16 (3,16%)
Hemiptera 242 (48,69%) 249 (43,15%) 137 (43,49%) 225 (44,46%)
Hymenoptera 28 (5,63%) 34 (5,89 %) 18 (5,71%) 24 (4,74%)
Brassica oleracea Lepidoptera 54 (10,86%) 63 (10,91%) 45 (14,28%) 84 (16,60%)
Orthoptera 31 (6,23%) 41 (7,10 %) 18 (5,71%) 30 (5,92%)
Thysanoptera 6 (1,20%) 11 (1,90%) 4 (1,26%) 7(1,38%)
Homoptera 92 (18,51%) 87 (15,07%) 35(11,11) 45 (8,89%)
Odonates 3 (0,60%) 5 (0,86%) 1 (0,31%) 4 (0,79%)
Coléoptera 28 (7,90%) 50 (13,73%) 27 (6,65%) 51 (11,15%)
Diptera 25 (7,06%) 23 (6,26%) 37 (9,11%) 82 (17,94%)
Hemiptera 105 (%) 81 (22,07%) 179 (44,08%) 148 (32,38%)
Lepidoptera 42 (29,66%) 49 (13,35%) 44 (10,83%) 43 (9,40%)
Solanum macrocapon Orthoptera 53 (14,97%) 21 (5,72%) 23 (5,66%) 46 (10,06%)
Homoptera 45 (12,71%) 70 (19,07%) 51 (12,56%) 25 (5,47%)
Hymenoptera 51 (14,40%) 60 (16,34%) 37(9,11%) 54 (11,81%)
Thysanoptera 3(0,84%) 5 (1,36%) 7(1,72%) 4 (0,87%)
Odonates 2 (0,56%) 5 (1,36%) 1(0,24%) 4(0,87%)
Coleoptera 28 (11,81%) 43 (15,80%) 50 (12,95%) 53 (14,13%)
Diptera 20 (8,43%) 27 (9,92%) 29 (7,51%) 51 (13,60%)
Hemiptera 50 (21,09%) 53 (19,48%) 152 (39,37 %) 156 (41,60%)
Hymenoptera 25 (10,54%) 22 (8,08%) 31 (8,03%) 30 (8%)
Solanum lycopersicum Lepidoptera 31 (13,08%) 39 (14,33%) 64 (16,58%) 51 (13,6%)
Odonates 2 (0,84%) 4 (1,47%) 3(0,77%) 5 (1,33%)
Orthoptera 15 (6,32%) 29 (10,66%) 29 (7,51%) 21(5,6%)
Thysanoptera 9 (3,79%) 8 (2,94%) 3(0,77%) 8 (2,13%)
Homoptera 57 (24,05%) 47(17,27%) 25 (6,47%) 57 (15,2%)
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Table 2. Percentage of variance explained by axes

Axe.l Axe.2 Axe.3
Variance 0,07 0,02 0,01
Pourcentage variance 71,83 16,92 11,25
Variance cumulée (%) 71,83 88,75 100
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4.3. Diversity of insect taxonomic families

Forty-seven taxonomic families have been identified,
divided into nine (09) orders. The largest number of families
(18) was observed among the Hemiptera, with a predominance
of the Aphididae, Coreidae, Aleyrodidae and Pentatomidae.
Coleoptera comes in second place with 16 families, mainly
Chrysomelidae, Coccinellidae, Scarabaeidae and
Curculionidae. Lepidoptera comprises thirteen (13) families,
with Noctuidae, Pyralidae and Pieridae predominating.
Diptera comprises seven (07) families, including
Calliphoridae, Tephritidae, Sarcophogidae and Asilidae are
the most abundant. Orthoptera has three families, of which
Acrididae and Tettigoniidae are the most represented.
Hymenoptera has four families, of which Aphididae and
Anthophoridae are the most represented, while the other
orders each have a single family, Odonata (Aeshnidae) and
Thysanoptera (Thripidae).

The Shannon indices observed in the localities considered
are high, with the highest values in the commune of Lokossa
(2.29) and Seéme-kpodji (2.02) (Figure 12). This could indicate
diversity within insect families in these localities, compared
with the municipality of Djakotomey (1.78) and Sakété (1.87).
Equitability is low and almost similar for all localities, with
the highest value observed in the municipality of Lokossa
(0.61) compared to the municipality of Djakotomey (0.48),
Sakété (0.50) and Seme-kpodji (0.54). This would indicate a
homogeneity in the abundance of species representative of
each of these localities. Similarly, Simpson's index shows a
similar trend similar trend towards equitability, with a high
value observed in the municipality of Lokossa (0.74) and in
the municipality of Semé-kpodji (0.64) (Figure 12). This
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would indicate a greater diversity of species identified in these
localities than in the communes of Djakotomey (0.58) and
Sakété (0.59).

5. Discussion

The results showed that the insects that swarm tomato,
nightshade, amaranth and cabbage fields in the communes of
Sakété, Séeme-Kpodji, Lokossa and Djakotomey are of several
orders and belong to different trophic groups. Knowledge of
the insects associated with tomato, cabbage, nightshade and
pigweed crops in these communes is the starting point for
developing methods to control insect pests of these vegetable
crops in these different agrosystems. A total of 6906 insects
belonging to nine (09) orders were collected in the four
communes of southern Benin on cabbage, greater nightshade,
amaranth and tomato. Insect abundance was higher in
Djakotomey than in the other communes, and insects were
more abundant in cabbage in all the localities surveyed. The
five most representative orders in terms of number of
specimens collected are Hemiptera, Homoptera, Coleoptera,
Orthoptera and Lepidoptera. These orders present very large
numbers of individuals collected in the agroecosystems of
cabbage, tomato, amaranth and greater nightshade. This result
confirms the work of Martin & Sauerborn (2013), who showed
that of the seven main orders of insect pests recorded on
several crops in three West African countries, Coleoptera,
Hemiptera and Lepidoptera are the most numerous. According
to Powell (2003), Lepidoptera represents the most diverse
lineage of organisms to have evolved from plants,
outnumbering other phytophagous insects. Lepidoptera are all
phytophagous or carpophagous, unlike Hemiptera (Gillott,
2005) and Coleoptera (Martin & Sauerborn, 2013). Coleoptera
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are very numerous, accounting for a quarter of all described
species among all officially described life forms (Hunt et al.,
2007).

Their diet partly explains the large number of
hemipterans. This result confirms the work of Tendeng et al.
(2022) on the diversity and occurrence of pests in market
garden agroecosystems in Lower Casamance, Senegal.
Diversity is very high and practically similar in all localities.
This high biodiversity of the entomological fauna of pests can
be explained in part by the presence of several speculations
that constitute food resources for these pests (Aquilino et al.,
2005; Eisenhauer et al., 2013; Vasseur et al., 2013). The fact
that the same speculations are found in these localities shows
the similar presence of the pests. These results are similar to
those of (Tendeng et al., 2022), who collected 65 pest species
on 17 host plants in market garden agrosystems in the lower
Casamane region of Senegal. The presence of a high diversity
of species in the agroecosystems of these four localities shows
an ecosystemic balance. According to Gaucherel et al. (2007),
agrosystems maintain ecosystem balance through the
maintenance of arthropod diversity. Indeed, arthropods and
particularly insects are important links in the food chain in
agrosystems (Amiaud & Carrére, 2012; Blanchart et al.,
2017). The presence of numerous pest species in an
environment does not necessarily explain the presence of
significant damage to agricultural production. In fact, in most
cases, an insect only becomes harmful when the number of
individuals increases. The abundance of a single pest species
often indicates an imbalance in biodiversity. The locality of
Agame in the commune of Lokossa is more resilient, with a
lower abundance linked to the presence of greater diversity.
Indeed, the presence of high diversity shows the balance of the
environment, which translates into low pest abundance. The
work of Tscharntke et al. (2007) confirms these results,
showing that the resilience of an agroecosystem is
materialized by the diversity of its animal and plant species.
Indeed, the host plant influences the presence of a pest in an
environment. Some crops attract certain pest species while
others repel them (Midega et al., 2018). Plants emit volatile
compounds that attract natural enemies but repel pests (Will
etal., 2007). This result is confirmed by Le Roux et al. (2008),
who assert that the entomological fauna is most often
influenced by the nature of the crops grown in the
environment. This large number of pests shows that vegetable
crops, in general, and tomatoes, cabbage, nightshade and
pigweed, in particular, harbor a sufficient number of enemies.
These results are similar to those obtained by Atachi et al.
(1989) and Djéto-Lordon et al. (2007), who demonstrated in
their work that tomato crops harbour a multitude of insects
belonging to different orders. James et al. (2010) have also
shown that tomato crops are particularly vulnerable to various
insect pests, which can seriously compromise yields.
Inventories of shea insects in Ghana enabled Dwomoh (2003)
to identify 53 pest genera and species.
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As for Odebiyi et al. (2004), they succeeded in classifying
33 genera and species for the same plant in Nigeria. The
inventory of insect pests and vectors of rice yellow mottle in
North Cameroon by Sadou et al. (2008) identified 46 species
belonging to seven orders and 26 families. The orders
Lepidoptera and Hemiptera were the most dominant. Diptera,
Coleoptera and Hymenoptera were moderate in the
plantations. It should be noted, however, that the majority of
insects inventoried were present at the vegetative stage,
notably on leaves and stems. Lepidopteran larvae, Coleoptera,
Orthoptera, Homoptera and Diptera were more conspicuous
and frequent on these different parts of the plant. According to
Atachi et al. (1989), these species attack the vegetative organs
of cultivated plants to a greater extent, preventing them from
developing. Fabre et al. (2001) confirm this, stating that the
main pests of tomato crops are found among Lepidoptera,
Coleoptera, Orthoptera and Homoptera. The presence of these
pests seriously affects the proper growth and development of
the plant. The inventory revealed that several quarantine pests
are rampant in tomato, nightshade, amaranth and cabbage
fields in southern Benin. To meet this new requirement to
improve the production of certain market gardens crops such
as cabbage, nightshade, pigweed and tomato in the Commune
of Djakotomey, Sakété, Lokossa and Sémeé-kpodji, it is urgent
to consider short-term measures involving a minimum of
chemical or biological treatment. Phytosanitary treatment
trials with different insecticides should, therefore, be carried
out. According to Parrella et al. (1984), certain synthetic
insecticides, in particular pyrethrinoides, are effective against
leaf miners. Biopesticides such as Topbio, neem oil and other
botanical extracts are also effective on certain lepidopteran
larvae that cause more damage to plants.

6. Conclusion

The present study provided information on the
biodiversity of insects associated with the cultivation of
cabbage, tomato, nightshade and Amaranth in Southern Benin
and suggested the possibility of integrated pest management
using biological pesticides in conjunction with agroecological
practices. The insects inventoried belonged to the orders
Lepidoptera, Orthoptera, Hemiptera, Coleoptera, Diptera,
Homoptera, Hymenoptera, Thysanoptera and Odonata. Insect
pests cause various types of damage to the different parts of
the plants studied. We observed leaf and fruit perforations, as
well as flower and fruit drop and rotting of infested fruit.
These results form the basis of our knowledge of the various
pests infesting these crops in southern Benin. Knowledge of
the diversity, abundance and distribution of pests will enable
alternative control strategies to be put in place with a view to
preserving the market garden sector.
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