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a b s t r a c t

In 2008, the invasive tomato red spider mite Tetranychus evansi (Acari: Tetranychidae), a pest of sola-
naceous crops, was identified for the first time as the cause of serious damage on tomato (Solanum
lycopersicum L.; Solanaceae) crops in Benin. Since then, frequent outbreaks have been observed on
Solanaceae and other leafy vegetables such as purple amaranth (Amaranthus cruentus L.; Amaranthaceae)
and bitter leaf (Vernonia amygdalina D.; Asteraceae) in all growing areas in southern Benin. The objective
of this study was to evaluate the intensity of damage by this invasive pest and the impact of farmers'
control practices on purple amaranth, African eggplant (Solanum macrocarpon L.; Solanaceae) and tomato
crops. A survey was carried out in January 2013 among 150 farmers in the three major growing areas in
southern Benin: S�em�e-Kpodji, Grand-Popo and Pahou. Tetranychus evansi was the only mite observed,
causing production losses estimated at 65% for African eggplant, 56% for tomato and 25% for purple
amaranth. Previously encountered species such as Tetranychus urticae Koch, Tetranychus ludeni Zacher
(Acari: Tetranychidae) and Polyphagotarsonemus latus Banks (Acari: Tarsonemidae) were not observed in
any of the 45 samples. To protect the infested crops, growers sprayed various synthetic pesticides at high
frequencies according to crop phenology 3, 6 and 12 times per month, respectively, on purple amaranth,
African eggplant and on tomato, on average. The most frequently used pesticides were pyrethroids and
organophosphate compounds. Farmers reported that these compounds were largely ineffective against
T. evansi. The risks posed to human and environmental health, as well as existing alternatives to chemical
pesticide use, are discussed.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

In Benin, vegetable production is increasing due to demand and
consumption of vegetables by urban populations. Vegetable pro-
duction helps to improve the living conditions of producers
because it is an important source of income (Sounkoura et al., 2011).
Vegetable crops are produced in all regions of Benin but especially
in the South (Adorgloh-Hessou, 2006). Tomato is one of the most
important vegetable crops produced in Benin, both in terms of area
, Nairobi, Kenya.
).
(27,800 ha) and production volume (154,600 tonnes) in 2010 (FAO,
2012). It is the vegetable most consumed and used daily as an
ingredient in food (Naika et al., 2005).

The two indigenous leafy vegetables, purple amaranth and Af-
rican eggplant or “gboma” in the local language, are also the most
cultivated and the most consumed in Benin (Assogba-Komlan et al.,
2007). However, these vegetable crops, and particularly tomato, are
often attacked by many pests and pathogens (Schippers, 2004).
Until recently, the main phytophagous mites reported on these
crops were Tetranychus urticae Koch, Tetranychus ludeni Zacher and
the broad mite Polyphagotarsonemus latus Banks (Adango et al.,
2007; Martin et al., 2010). However, in 2008, outbreaks of Tetra-
nychus evansi were observed on tomato and eggplant in the
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Table 1
Age and sex ratio of farmer's growing African eggplant, purple amaranth and tomato
in southern Benin.

Variable Description Observation Mean Std.Dev. Minimum Maximum

Sex ratio Male 126 37 10 19 71
Female 24 35 13 18 70

Age 150 37 11 18 71

Std.Dev. ¼ Standard deviation.
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vegetable growing area of S�em�e-Podji (Martin, personal commu-
nication). Since then, frequent outbreaks have been observed dur-
ing the dry season in all growing areas of southern Benin causing
severe damage to tomato and African eggplant crops. T. evansi is an
important invasive pest species of solanaceous plants in East Africa
(Knapp et al., 2003), in Europe (Tsagkarakou et al., 2007) as well as
in Asia (Gotoh et al., 2009). It originated from South America
(Moutia, 1958) and was first reported in continental Africa in 1979
on tobacco in Zimbabwe (Blair, 1983) fromwhere it spread to other
parts of the continent. It has been reported as more prolific pest on
tomato compared to T. urticae. This species is characterized by a
high reproductive capacity and a gregarious behavior compared to
T. urticae (Azand�em�e-Hounmalon et al., 2014). Besides its invasive
nature, recent reports have indicated that T. evansi has replaced
native spidermite species, hence presenting newpestmanagement
challenges (Ferragut et al., 2013).

The objective of this study was to evaluate the impact of this
new pest on the production of the African eggplant, purple
amaranth and tomato. We also investigated farmer practices to
control T. evansi outbreaks.

2. Materials and methods

2.1. Survey design and data description

The study was conducted in southern Benin in January 2013 in
three coastal vegetable growing areas (Assogba-Komlan et al., 2001,
2007; PADAP/MAEP, 2003): S�em�e-Kpodji, Pahou and Grand-Popo.
S�em�e-Kpodji is located in the department of Ou�em�e and covers
an area of 250 km2. The city of Grand-Popo is located in the
southwest of the department of Mono covering an area of 289 km2,
extending over 20 km along the shoreline towards the Togo border.
Pahou is located in the district of Ouidah, one of Benin city.
Southern Benin is subject to a bimodal climate pattern with two
rainy and two dry seasons, with maximum temperatures ranging
between 30 and 39 �C, and minimum around 23 �C (Simon et al.,
2014). The monthly relative humidity ranges from a minimum of
44e76% to a maximum of 99%. The survey was conducted among
150 subjects. The choice of farmers was mainly based on the pro-
duction of tomato, African eggplant and purple amaranth. A total of
21 questions were asked and the interviews took on average 30min
per farmer. After obtaining information on the social situation, each
farmer was asked about the production of the three crops and the
mains pests causing damage on them. They were also asked the
local name of T. evansi, how they distinguish it from other pest, its
damage on crop production, the first time they observed T. evansi's
damage in the field, the main crops affected, the main season in
which damages are abundant and the control practices of farmers.
Other questions about the severity and evolution of damage were
also asked. Farmers were asked also to classify the level of damage
using the leaf mean damage index (LMD) classification of Hussey
and Scopes (1985), ranking on a scale from 0 (no damage) to 5
(the leaf begins to shrivel). In the mite sampling, we targeted both
prey and predators which were collected in each vegetable growing
area presenting mite damage. Three leaves of each crop were
randomly selected per bed and removed from the plant. Mites were
brushed directly in polypropylene plastic tubes containing 70%
alcohol using a fine brush. A total of 45 samples were collected from
various host crops in the three areas. Mites were thereafter iden-
tified at UMR CBGP (Centre Biologique de Gestion des populations)
in Montpellier, France with assistance of Philippe Auger.

2.2. Data treatment and analysis of the results

Analysis of variance followed by Bonferroni test was used to
discriminate the crops according to the losses in production esti-
mated by the farmers. Analysis of variance was done using STATA
version 12 (StataCorp, 2011) to compare means at 5% level.

3. Results

3.1. Socio-economic characteristics of farmers

Horticultural production was the main activity for the majority
of farmers (99%) in all three areas. On average farmers were older
than 37 years: the youngest was 18 years and the oldest was 71
years. (Table 1). Horticultural production was more a male activity
(84%) than a female one (16%); only 10%were old farmers (>65) and
retired people. Youthful farmers interviewed (17%) were mostly
secondary school students and casual laborers. The majority of
farmers (84%) had at least primary education. Among them, 48%
had a secondary school level of education (9e13 years of study),
33% had a primary school level of education (1e6 years of study),
only 3% had reached the university level (14e17 years of study) and
16% of farmers had not received any formal education (Table 2).

3.2. Vegetable production

Tomato, African eggplant and purple amaranth were most
commonly grown leafy vegetables in the targeted zones. These
crops were produced, respectively, by 95%, 100% and 94% of farmers
surveyed. Considering all growers surveyed, the mean area culti-
vated per farmer was, respectively, 4128, 724 and 406 m2 for to-
mato, African eggplant and purple amaranth.

3.3. Mite species

Practically all the mites in our samples were identified as
T. evansi, with only one individual collected on purple amaranth
identified as Tetranychus lombardinii (Meyer). No mites belonging
to the T. urticae, T. ludeni or P. latus species and no predatory mites
were found in our samples.

3.4. Farmers' perception about T. evansi

According to 91% of farmers, T. evansi (commonly called red
spider mite in the area) did not have a local name. The majority of
farmers (95%) were able to identify T. evansi and recognize its
damage. Over 90% said they had observed T. evansi damage
symptoms on their crops. All farmers (100%) characterized the
damage as very serious (100%) in S�em�e-Kpodji, 97% in Pahou and
78% in Grand-Popo (Table 3).

They reported that T. evansi damage could reach level 5 in one
week (classification of Hussey and Scopes (1985)). Almost all
farmers (91%) said that T. evansi damage had increased each year up
to 2012, and was more important during the dry season (Table 3).
Farmers also said that T. evansi could destroy the entire field in less
than a week if no treatment was applied on the first day of its
appearance. Thus, production losses, according to the farmers,
could be assessed, respectively at 65, 56 and 25% on African



Table 2
Education level of farmer's growing African eggplant, purple amaranth and tomato
in southern Benin.

Variables Description Frequency Percentage Cumul

Level of education No education 24 16 16
Primary 50 33 49
Secondary 72 48 97
University 4 3 100

Table 4
Percentage of production loss estimated by farmers on African eggplant, tomato and
purple amaranth in 2012 in southern Benin.

Variables Means (SD) Frequency df

Gboma 65% (18) a 150 98
Tomato 56% (25) b 150 149
Purple amaranth 25% (19) c 100 98

df ¼ degree of freedom; SD ¼ Standard deviation.

G.Y. Azand�em�e-Hounmalon et al. / Crop Protection 76 (2015) 53e58 55
eggplant, tomato and purple amaranth in 2012 (Table 4).

3.5. Control of T. evansi

Based on the invasive and destructive nature of T. evansi, farmers
had no other choice than using chemical control. All farmers (100%)
reported spraying chemical insecticides to control T. evansi. Sixteen
synthetic formulations were identified (Table 5). The frequently
used pesticides belonged to the synthetic pyrethroid (SP) family
(54%) alone or associated with an organophosphate (OP) (25%). The
result showed that a significant number of farmers (65%) used
Cotalm P (lambdacyhalothrin þ profenofos) at different doses.
Some used high doses to get a better efficacy to control the mites.
Other farmers combined several formulations such as Cotalm P and
Decis (deltamethrin) without any respect to recommended doses.
The number of treatments performed also varied according to
grower and crop. Thus, purple amaranth, African eggplant and to-
mato, respectively, received an average 3, 9 and 12 treatments per
month to control T. evansi.

4. Discussion

Almost all of the mites in our samples belonged to T. evansi,
while those reported as major horticultural pests in Benin (Adango
et al., 2007; Martin et al., 2010), i.e. T. urticae, T. ludeni and P. latus,
were not found in any of the samples. It thus appears that in just a
few years, T. evansi had outcompeted and replaced the native
phytophagous mites on the host plants investigated. Adango et al.
(2006) reported predatory mites including Typhlodromalus saltus
(Denmark and Matthysse), Iphiseius degenerans (Berlese) and
Amblyseius tamatavensis (Blommers) on Solanum macrocarpum L.
and Amaranthus cruentus L. in Benin. However, during the present
survey no predatory mites were recorded. This could be due to the
heavy reliance of synthetic pesticides for the control of T. evansi,
thus completely wiping out the more vulnerable predators. These
results confirm those of Adango et al. (2006) who did not find any
predatory mites during their collections of mites on Solanum spp.
and Amaranthus spp. in the horticultural production areas of
southern Benin, but reported several species in untreated vegetable
plots of the International Institute of Tropical Agriculture (IITA) in
Abomey Calavi, Benin.
Table 3
Responses of growers about the severity of damage due to Tetranychus evansi, the degre

Variables Damage description Grand-Popo (n ¼ 50) %

Gravity Very serious 78
Serious 6
Moderate 6
Not serious 10

Evolution Increase 82
Constant 8
Decrease 10

Season Rainy season 14
Dry season 60
Rainy and dry seasons 26
Farmers have reported that the red spider mite is a pest causing
serious damage to their crops. According to them, the severity and
extent of damage have increased since 2008. The outbreaks seem
more important in the dry season than in the rainy season. Tetra-
nychus evansi damage level can reach level 5 in one week according
to the classification of Hussey and Scopes (1985). Indeed, the initial
T. evansi-infested plants exhibit a few white spots. Level 5 damage
is when the mites destroy the leaf parenchyma cells causing leaf
drop and subsequently a reduction in productivity (Flechtmann and
Knihinicki, 2002). The rapidmultiplication of T. evansi could explain
the high losses (65, 56 and 25%, respectively, observed on African
eggplant, tomato and purple amaranth). Similar results were found
in the study carried out in Zimbabwe by Saunyama and Knapp
(2003). In our case, the heaviest infestations were recorded on
African eggplant and tomato, illustrating the real challenge of this
pest for growers. Indeed, we found that the African eggplant and
purple amaranth were the two most grown leafy vegetables in
southern Benin. These crops were produced, respectively by 100
and 94% of farmers surveyed. This is mainly because tomatoes and
leafy vegetables are used in the traditional sauce eaten at eachmeal
with cereal grains by Beninese, and thus are an important source of
income for households (Gerstl, 2001).

Based on the invasive and destructive nature of T. evansi, farmers
seemed to have no other option than using chemical control. All
farmers (100%) reported spraying synthetic insecticides to control
T. evansi. The most frequently used pesticides belonged to the
synthetic pyrethroid class and were used individually or mixed
with an organophosphate. These binary formulations are registered
against cotton pests and should not have been to be used against
vegetable pests. The number of treatments performed varied ac-
cording to grower and crop. Thus, purple amaranth, African
eggplant and tomato, respectively received an average of 3, 9 and
12 treatments per month to control T. evansi. Among these syn-
thetics products, profenofos is known to have acaricidal properties,
but mainly against P. latus (Vaissayre et al., 1986). According to
farmers this synthetic pesticide (OP) was not really effective against
T. evansi. This could be due to frequent pesticide use that favors the
resistance of mites as suggested by Nyoni et al. (2011) or by the
poor quality of products. Recent studies conducted in southern
Benin by James et al. (2006), showed that 90% of the production of
African eggplant was destroyed by P. latus despite spraying on
e of damage and importance according to season in three areas in southern Benin.

Pahou (n ¼ 50) % S�em�e-Kpodji (n ¼ 50) % Total (%)

97 100 92
3 0 3
0 0 2
0 0 3

92 100 91
4 0 4
4 0 5
8 0 7

60 94 71
32 6 22



Table 5
Insecticides routinely sprayed by growers to control Tetranychus evansi on vegetables in southern Benin.

Trade name Frequency (%) Active ingredient Concentration Chemical famillya Classb

COTALM P 218 EC 98 (65) Lambdacyhalothrin 18 g/L PY II
Profenofos 200 g/L OP II

ALPHACAL P 318 EC 84 (56) Alphacypermethrin 18 g/L PY II
Profenofos 200 g/L OP

LAMBDA 41 (27) Lambdacyhalothrin PY II
CYPERCAL 50 EC 28 (19) Cypermethrin 50 g/L PY II
PACHA 25 EC 26 (17) Acetamiprid 10 g/L NE II

Lambdacyhalothrin 15 g/L PY
K-OPTIMAL 22 (15) Lambdacyhalothrin 15 g/L PY II

Acetamiprid 10 g/L NE
CYDIM C 50 18 (12) Cypermethrin 50 g/L PY II
CAPT 88 EC 17 (11) Acetamiprid 16 g/L NE II

Cypermethrin 72 g/L PY
COTOFAN 350 EC 9 (6) Endosulfan 350 g/L CY IIc

DECIS 12.5 EC 7 (5) Deltamethrin 12,5 g/L PY II
CYPER D 3 (2) Cypermethrin 10 g/L PY II
DIMEX 400 EC 3 (2) Dimethoate 400 g/L OP II
SUNPYRIFOS 48% EC 3 (2) Chlopyrifos ethyl 480 g/L OP II
DURSBAN 3 (2) Chlopyrifos ethyl 300 g/L OP II
CYPADEM 2 (1) Cypermethrin 36 g//L PY II

Dimethoate 400 g/L OP
ORTHEN 50 SP 2 (1) Acephate 500 g/kg OP III

a PY: pyrethroid; OP: organophosphorus; NE: neonicotinoid; CY: cyclodien.
b Class II: moderately hazardous; Class III: slightly hazardous.
c Because of its threats to human health and the environment, a global ban on the manufacture and use of endosulfan was negotiated under the Stockholm Convention in

April 2011.
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average 7 insecticide applications of deltamethrin or bifenthrin.
Such insecticide overuse could be explained by the ineffectiveness
of pyrethroids to control broad mites (Vaissayre, 1986) whilst
adversely affecting their predators (Phytoseiidae) and maybe the
lack of efficient acaricidal products available in the country. Our
results corroborate numerous studies in Africa showing that pes-
ticides are used incorrectly with inappropriate products, incorrect
dosage, timing and targeting of application, non-calibrated that
impact negatively the environment (Ngowi et al., 2007;
Gomgnimbou et al., 2009; Fianko et al., 2011; Ahouangninou
et al., 2011, 2012; De Bon et al., 2014). Moreover, the arrival of
this new pest has increased the bad use of synthetic pesticide
dramatically. Inappropriate use has consequences not only for the
effectiveness of the intended pest control but also for operator and
consumer health, farm livestock, soil organisms, wildlife and
vegetation, and contamination of soil, water and air (Conway and
Pretty, 1991; Kishi, 2005; Pretty and Hine, 2005; Williamson
et al., 2008; Tomenson and Matthews, 2009; Fianko et al., 2011).
In their study, among smallholder farmers in Benin, Ethiopia,
Ghana and Senegal, growing cotton, vegetables, pineapple, cowpea,
and mixed cereals and legumes, Williamson et al. (2008) described
the hospitalization cases and health problems due to incorrect and
inappropriate use of pesticides by smallholder farmers. Pesticide
residues were already found in apple and locally produced fruit in
the Accra Metropolis (Bempah and Donkor, 2011); different species
of fishwere found to be contaminatedwith pesticides in the Ou�em�e
River in Benin and the Densu River in Ghana (Pazou et al., 2006;
Fianko et al., 2011). Recent study carried out by Ippolito et al.
(2015) on insecticide runoff through modeling showed that 40%
of water bodies in global land surface may be at risk due to the
adverse effects of insecticides. Ahouangninou et al. (2012), in their
study of plant protection practices of farmers in southern Benin,
showed high Index Risk of Environment (IRE) and Health (IRH)
with the frequent use of carbofuran, chlorpyrifos ethyl and endo-
sulfan. To overcome serious public health and environmental
pollution problems, urgency is needed to bring an effective solution
to these small-scale growers to help fight this pest. Previous studies
have shown the effectiveness of some agricultural acaricides such
as dicofol, propargite, abamectin, milbemectin and cyenopyrafen
that could be recommended to farmers (Gotoh et al., 2011; Toroitich
et al., 2014; Bugeme et al., 2014). However, farmers need to be
aware of strategies such as rotation and alternation of these miti-
cides to reduce the risk of selecting resistant populations. The use of
a biopesticide based on isolates of the entomopathogenic fungus
Metarhizium anisopliae (Metsch) could also be an alternative
method of control (Bugeme et al., 2008). In the long term, in
collaboration with the International Institute of Tropical Agricul-
ture (IITA), the predator Phytoseiulus longipes Evans could be
introduce as a biological control agent against T. evansi (Ferrero
et al., 2011). Multiple natural enemy releases have been employed
as a way to improve pest suppression (Yaninek et al., 1998; Hanna
and Toko, 2001; Onzo et al., 2003; Yaninek and Hanna, 2003;
Rhodes et al., 2006; Cakmak et al., 2009; Rahman et al., 2011;
Azand�em�e-Hounmalon, pers. com.). For example, the simultaneous
use of P. longipes and M. anisopliae could enhance the biological
control against T. evansi. Recently, the entomopathogenic fungi
M. anisopliae and the predatory mites P. longipes have shown suc-
cessful control in both laboratory, greenhouse and field conditions
against T. evansi (Wekesa et al., 2005; Ferrero et al., 2007, 2011;
Furtado et al., 2007a, b; Bugeme et al., 2009, 2014). Moreover,
P. longipes and M. anisopliae were compatibles (Maniania and
Kungu, 2011). The combination of acaricide-treated nets with the
release of the predator P. longipes (Martin et al., 2010; Kungu, pers.
com.) could also help farmers to protect their vegetable crops
against the red spider mite. The development of these approaches
held much promise in the controlling of T. evansi.

5. Conclusions

In conclusion, the study showed the extent of damage caused by
T. evansi infestation in southern Benin. For some years now out-
breaks of T. evansi have spread to all growing areas. This situation
has left farmers with no other recourse than to use synthetic pes-
ticides that they can find on the local market, even if these are
ineffective against this pest. Further, farmers often increase the
dosage and the frequency of applications. Given the toxicity of the
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chemicals sprayed, the household consumption of tomato and leafy
vegetables, and the unsafe phytosanitary practices used by growers
to fight the pest, red spider mite outbreaks are a very serious threat
to public health and environmental safety in Benin.
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