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We interviewed half of the mango-growers in northern Benin, including 15 farmers involved in a regional fruit ﬂy
project, and held focus group discussions with women fruit-pickers. They were asked about pest management and
their knowledge of a weaver ant, Oecophylla longinoda. All considered low yields due to fruit ﬂies to be the
principal constraint upon mango production, estimating economic losses to be between 20 and 45%. None could
recognize damage during the ﬁrst 2 days after fruit ﬂy egg deposition. On-farm research persuaded farmers to stop
using insecticides and it also changed negative perceptions of Oecophylla. Over 80% of the farmers involved in onfarm research, compared to 25% of those not involved, reported Oecophylla to be beneﬁcial. All fruit-pickers
knew that ants protected mango from fruit ﬂies, with 60% attributing better mango quality in terms of
appearance, shelf-life and sweetness to the presence of Oecophylla. Nevertheless, 40% of the pickers still
considered weaver ants a nuisance pest during harvest. Ways of reducing this nuisance need to be developed for
Oecophylla to gain wider acceptance by mango-growers.
Keywords: farmer knowledge; labourer; fruit ﬂy; Oecophylla longinoda; weaver ants; conservation biological
control; on-farm research; mango; Africa

1.

Introduction

The livelihoods of millions of African smallholders
depend on fruit, nut and agroforestry systems. In
Africa as a whole, mango production is estimated to
be around two million tonnes (Lux et al. 2003).
Because of structural and pest problems, rarely more
than 5% of this production is exported (Vayssières
et al. 2004). Pest problems are mainly due to fruit ﬂies
(Diptera: Tephritidae), which are of increasing
economic importance since the introduction of the
species Bactrocera invadens (Vayssières et al. 2005).
Fruit-growers lack appropriate control methods;
some of them even resort to application of pesticides
distributed for cotton production. Besides the potential impact on public health, insecticides also aﬀect
wildlife and the ecological sustainability and resilience of the farming system. One way of achieving
more sustainable production systems is through
integrated pest management (IPM). In tropical
countries, the successful application of the weaver
ant, Oecophylla spp. (Hymenoptera: Formicidae), as
an endemic natural enemy is on the rise, partly
triggered by emerging markets for organic produce,
as reported in a recent review (Van Mele 2008).
In northern Australia, for instance, biological control
with Oecophylla smaragdina is promoted in commercial cashew plantations (Peng et al. 1997). In Vietnam,
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the ants O. smaragdina and Dolichoderus thoracicus
help farmers to control pests in citrus and sapodilla,
respectively (Van Mele and Chien 2004). In African
farming systems, an abundant O. longinoda population can drastically reduce damage from fruit ﬂies
(Van Mele et al. 2007). However, until recently the
deliberate use of Oecophylla in pest management has
been mainly put into practice in Asia.
Recent experiences in Ghana and Zanzibar
demonstrate the intricacies of transferring a successful IPM model from one region in the world to
another. Fixed prescriptions or IPM packages do not
work because site-speciﬁc agroecological and socioeconomic conditions determine what is best in each
location (van Huis and Meerman 1997). IPM needs to
be driven by farmers’ needs and to build on farmers’
knowledge. Lack of information on current farmers’
knowledge, perception, and practices is a major
constraint upon establishing an IPM programme
(Morse and Bulher 1997; Van Mele 2000). This paper
addresses the eﬀects on local knowledge of applying
on-farm research and it explores the potential
contribution of other sources of knowledge, such
as that of fruit-pickers, to promote more environmentally friendly practices. A survey was conducted
in Benin, focusing on: (i) mango production constraints and (ii) local knowledge and practices by
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producers and pickers with regard to fruit ﬂies and
the weaver ant O. longinoda.
2.

Materials and methods

In 2004, the International Institute of Tropical
Agriculture (IITA) and the French Agricultural
Research Centre for International Development
(CIRAD) jointly established a research programme
on mango fruit ﬂy control in Benin. The project
conducted on-farm research in Borgou department in
the northern Guinea savanna, which accounts for
75% of mango production in Benin. Initial research
focused on identiﬁcation of mango fruit ﬂy species,
their monitoring, the use of diﬀerent traps, attractants and bait sprays and the role of weaver ants. The
15 growers who took part in the on-farm research had
relatively well-maintained orchards and were asked to
refrain from using insecticides. They did not receive
any ﬁnancial compensation. In 2006, one of us (Van
Mele) initiated a small project on weaver ants, which
re-enforced the fruit ﬂy project. In 2007, research
results led to the establishment of a large, regional
fruit ﬂy project in West Africa with World Bank
support. Both fruit ﬂy projects were managed by
another of us (Vayssières).
This study was conducted from March to May
2007. Four municipalities with diﬀering environmental characteristics were selected in Borgou department, namely Bembèrèkè, N’dali, Parakou and
Tchaourou. Primary data collection encompassed:
group discussions (with farmers, key informants, and
representatives of farmer organisations); individual
interviews; ﬁeld observations; and focus group
discussion with rural women who harvest the fruit
(pickers). The selection of farmers for individual
interviews and participation to the group discussions
was based on their willingness to participate. Apart
from the 15 growers taking part in the on-farm
research, 40 other growers, mostly having both
mango and cashew plantations, were interviewed
individually (Table 1). The 55 growers represented
about 50% of all plantation owners in Borgou
department. Harvesting is done by a seasonal labour
force, comprising village women and children. Because they operate in groups, we interviewed about 90
pickers in ﬁve focus group discussions held in ﬁve
villages during harvest time.
The methods and tools used for collecting
information were based on procedures for analysing
agricultural problems and assessing farmers’ knowledge, perceptions and practices (KPP), as documented by Werner (1993), Pretty et al. (1995) and
Chambers (1997). We used semi-structured interviews
and open discussions in group settings to identify
production constraints. About 145 farmers took part
in various group discussions. Subsequently, farmers
who volunteered were individually interviewed using

Table 1. Localities and number of growers interviewed,
Borgou department, northern Benin, 2007.
Municipality

Village

Bembèrèkè

Danguinikou
Ina
Centre
Tamarou
Kakara
Sirarou
Centre
Korobourou
Tchachou

N’dali

Parakou
Tchaourou
Total

Number of
farmers interviewed
8
5
12
12
3
8
3
2
2
55

open and semi-structured interviews, combined with
ﬁeld observations, in order to elicit their KPP in
orchard pest management. Topics related to the
farmers’ ability to identify orchard pests and
damages, their knowledge and practices on natural
pest control, especially in relation to the use of weaver
ants, and their sources of information. In addition,
we collected farmers’ socio-economic status, their
experience in orchard production, and the characteristics of their orchard and surrounding environment.
Secondary data were collected on the village social
structures and other contextual facts through informal discussions.
Each interview lasted on average 1 h. Since the
period of the survey coincided with the fruiting and
harvesting season we were able to cross-check farmers’ answers regarding pest status by visiting their
ﬁelds and identifying the pest to which they ascribed
the damage. Survey data were encoded and statistical
analysis accomplished with parametric and nonparametric tests using SAS statistical software.
Information on the procedures is given in the
captions to the text and tables.
3. Results
3.1. Farmers’ proﬁle and production constraints
Few farmers interviewed were literate or had attended
extension courses on pest management. More than
80% of the growers were older than 45 years, with the
younger ones having inherited the orchard. All had
established their orchard as a form of retirement
insurance. Growers and pickers had more than 10
years of experience (Table 2). Selected growers for the
on-farm research were often leaders of farmer
organisations or religious organisations and appeared
to be among the better-oﬀ farmers, having bigger
orchards and generally enjoying a high status in the
community. Project farmers were signiﬁcantly more
educated (Cramer’s V ¼ 0.62, P 5 0.001) and more
of them had attended extension courses than had
non-project farmers (Cramer’s V ¼ 0.33, P 5 0.01).
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Table 2.

Socio-economic proﬁle and production constraints of mango and cashew farmers, northern Benin, 2007.
% Farmers reporting

Farmers’ literacy rate
Exposure to extension courses
Experience in fruit production and
harvesting (years) (mean + SE)
Production system
S1
S2
S3
Production constraints
Pests
Theft
Bush ﬁre
Marketing
Labour
Post-harvest
Economic damage caused by pest (%)
520
20  X 5 45
45

Project
(n ¼ 15)

Non-project
(n ¼ 40)

Pickers
(n ¼ 5 groups)1

Test2

83
40
21.4 + 2.6

27
12
20.9 + 1.5

0
0
14.0 + 1.9

V ¼ 0.62***
V ¼ 0.33**
Var. NS

33
77
0

0
40
55

–
–
–

100
80
60
60
40
13

100
50
25
50
25
20

100
40
0
100
60
100

0
80
20

5
75
20

0
80
20

V ¼ 0.09 NS

1
One group discussion is considered as one interview and the answer considered is the consensus answer given by the group. 2Tests conducted
were t-test, one-way ANOVA (var) or Chi-squared with Cramer’s V to indicate strength of relation. NS, not signiﬁcant, *signiﬁcant at 5%
level, **signiﬁcant at 1% level, ***signiﬁcant at 0.1% level. 3Others include workers, retired government oﬃcials, etc. S1: big orchard (410
ha), selected cultivars only, use of input and modern equipment and permanent labour; S2: middle-sized orchard (2 5 X 5 10 ha), mixed
cultivars (local and selected cultivars), input not necessarily used, equipment is hired, and occasional labour input; S3: small orchard (52 ha),
local cultivars only, no input, no equipment, and familial labour.

In the study area, all growers and pickers
identiﬁed pest damage to the fruit as the main
problem. Most growers estimated the economic
damage caused by pests at between 20 and 45%.
However, apart from the project farmers most
growers did not manage pests. The former group
only stopped spraying insecticides at the request of
the fruit ﬂy project, which started to provide
alternative practices as technical assistance. Theft,
diﬃculties in weeding (leading to an increased risk of
bush ﬁres) and marketing were also mentioned as
production constraints. In Benin, the women fruitpickers are responsible for the harvest, purchase and
marketing of the fruit. For them, the principal
constraints were marketing and the deterioration
of the fruit quality when infested with fruit ﬂy larvae.
3.2. Knowledge on pest biology and damage
The main pests perceived as causing damage
were fruit ﬂies, which was conﬁrmed by ﬁeld
observation. A commonly used term in the local
language Bariba was kokonou meaning worms,
irrespective of the fruit attacked. Sonsou or sonou
refers to ﬂies in general, with no speciﬁc name
being given to fruit ﬂies. In the local language
Dendi, however, farmers call ﬂies hamni and fruit
ﬂies mango hamni. Likewise, fruit ﬂy larvae are
called mango nooni.

In contrast to non-project farmers and women
fruit-pickers, the majority of growers involved in the
on-farm research knew about the relationship
between fruit ﬂy adults and larvae inside the fruit
(V ¼ 0.44, P 5 0.01) (Table 3). Also, signiﬁcant
diﬀerences between categories occurred with regard
to diagnosing fruit in which young larvae have
started to develop, which takes place about 2–3 days
post-oviposition (V ¼ 0.37, P 5 0.05). However,
none of the growers or pickers interviewed were
able to spot a freshly deposited fruit ﬂy egg in a
mango. When eggs are deposited under the skin,
only a translucent drop appears, which, considering
the height of the trees, is often diﬃcult for the
untrained eye to observe. None of the growers and
pickers considered scale insects as insects; rather,
they believed them to be taches or spots caused by
ants (similar to fruit skin damage caused by deposits
of formic acid).
3.3. Knowledge and perception regarding weaver
ants
3.3.1. Ant ecology and behaviour
Farmers called the weaver ant tantanpouro and cocombissi in the local languages Bariba and Dendi, respectively. The weaver ant is considered to be an ant
that rolls up tree leaves, protects against pests, but
also damages fruit by making spots and hindering
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harvest operations. The extent to which each of these
contributes to farmers’ overall perception is discussed
below. The majority of growers and pickers reported
that mango trees, especially local varieties, are the
trees most preferred by Oecophylla because of their
dense foliage, leaf characteristics and ‘perfume’
(Table 4).
Farmers perceived the rainy season to be the best
time for ants to make nests, as trees produce new
growth ﬂushes, food (insects) is abundant, and the
weather is cool. The on-farm research apparently
had a positive eﬀect on farmers’ observational capacities: 80% of the growers involved in the project
had observed the predatory action of the ant and
believed that most predation took place during the
rainy season, whereas only 20% of non-project
farmers and fruit-pickers had ever observed its
predatory activity.

Table 3.

3.3.2. Weaver ants: pest or natural enemy?
The ants’ role in protecting orchards against thieves
appeared to be common knowledge. Apart from this,
farmers’ overall perception of the weaver ant
diﬀered signiﬁcantly between categories (V ¼ 0.44,
P 5 0.001) (Table 5). About 80% of project farmers
and all women fruit-pickers reported the protective
nature of Oecophylla against pests, compared to only
25% of non-project farmers. According to those
farmers appreciating the presence of Oecophylla, ants
improve the mango quality and yield by reducing the
amount of rotten fruit, extending the mango shelf life,
giving the fruit a healthy appearance and improving
its juice quality, especially its sugar content.
In contrast, non-project farmers (75%) were concerned about the negative eﬀect of ants on fruit due to
the small black spots, which they believe to degrade

Farmers knowledge of orchard pest biology and diagnosis, northern Benin 2007.
% Farmers reporting

Elements of pest biology
Relate adult ﬂies and larvae
Recognise fruit ﬂy damage (within 1–2
days after oviposition)
Recognise fruit ﬂy damage (42 days
after oviposition)
Distinguish between scales and formic
acid spots

Project
(n ¼ 15)

Non-project
(n ¼ 40)

Pickers
(n ¼ 5 groups)1

Test2

73
0

25
0

20
0

V ¼ 0.44**
NS

100

68

100

V ¼ 0.37*

0

0

0

NS

1
One group discussion is considered as one interview and the answer considered is the consensus answer given by the group. 2Test conducted
was Chi-squared with Cramer’s V to indicate strength of relation. NS, not signiﬁcant, *signiﬁcant at 5% level, **signiﬁcant at 1% level,
***signiﬁcant at 0.1% level.

Table 4.

Farmers’ knowledge of weaver ant ecology and behaviour, northern Benin 2007.
% Farmers reporting

Ant ecology and behaviour
Preferred tree species
Preferred mango cultivars
Reasons

Abundance period of ant
Reasons
Observation of predation
Period of abundant predation
Type of prey

1

Project
(n ¼ 15)

Non-project
(n ¼ 40)

Pickers
(n ¼ 5 groups)1

Mango (100)
Local cultivars (73)
Foliage cultivars (40)
A lot of foliage
Sweet fruit
Perfume of the variety

Mango (100)
Local cultivars (75)
Foliage cultivars (20)
A lot of foliage
Sweet fruit
Perfume of the variety

Mango (100)
Local cultivars (100)

Rainy season (86)
Growth of new leaves
Cool weather
More food (insects)
(80)
Rainy season
Insect larvae
Insect adult

Rainy season (75)
Growth of new leaves
Cool weather
More food (insects)
(20)
Rainy season
Insect larvae
Insect adult

A lot of foliage
Sweet fruit
Perfume of the variety
Waxy leaves
Large leaves
Rainy season (100)
Growth of new leaves
Cool weather
More food (insects)
(20)
Rainy season
Insect larvae
Insect adult
Weaver ant

One group discussion is considered as one interview and the answer considered is the consensus answer given by the group.
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Percentage of farmers reporting on weaver ant status, northern Benin 2007.
% Farmers reporting

Ant status
Positive action of ant
Protection against theft
Protection against pest
Fruit quality improvement2
Negative action of ant
Disrupt harvest operations
Damage fruit with spots
Global status of ant
Ants are beneﬁcial
Ants are a pest

Project
(n ¼ 15)

Non-project
(n ¼ 40)

Pickers
(n ¼ 5 groups)1

Test3

100
87
20

100
25
10

100
100
60

NS
V ¼ 0.61***
V ¼ 0.36**

100
33

100
62

100
20

NS
V ¼ 0.31*

80
20

25
75

60
40

V ¼ 0.48***

Respondents had no idea about the topic. 1One group discussion is considered as one interview and the answer considered is the consensus
answer given by the group. 2Quality includes shelf life, sweetness of juice and overall healthy appearance. 3Test conducted was Chi-squared
with Cramer’s V to indicate strength of relation, NS, not signiﬁcant, *signiﬁcant at 5% level, **signiﬁcant at 1% level, ***signiﬁcant at 0.1%
level.

the fruit. None of the farmers was able to explain why
and how the weaver ants make black spots.
3.3.3. Techniques for avoiding ant bites
Farmers reported only a few techniques for avoiding
ant bites during harvest. Commonly, a long picking
pole is used. However, this technique has the
inconvenience that the fruits fall down on the ground
with some becoming unsuitable for consumption.
Very few farmers cited other techniques such as
climbing the trees to pick the fruit at the hottest time
of the day when ants are less active; or putting ash
on the exposed parts of the body before climbing
the tree. Some eradicate ant nests physically or
with ﬁre.
4.

Discussion

The majority of growers interviewed in Benin perceived
20–45% of their production to be lost due to fruit ﬂies,
with one ﬁfth reporting even higher losses. In fact, since
the recent invasion of the new fruit ﬂy species,
Bactrocera invadens, economic damage caused by fruit
ﬂies in Benin exceeded 60% in the second half of the
mango season (Vayssières et al. 2006). Cultural,
economical and structural reasons underlie the lack
of appropriate pest management: (i) in developing
countries, fruit trees are rarely monitored for pests and
pest management is hampered by tall tree size and
insuﬃcient farmer knowledge; (ii) if available, the
control methods are too expensive, and (iii) fruitgrowers have been neglected by extension services (Van
Mele 2000).
Many control methods are being tested in
growers’ orchards in Benin under the ongoing fruit
ﬂy project. Those involved in the on-farm research
refrained from using insecticides to control fruit ﬂies.

However, this behaviour may be abandoned after the
project ends, especially since the high-technology
innovations, such as baits and fruit ﬂy traps provided
by the project, are not available on the market. The
extent to which growers learned to appreciate the
beneﬁts of the endemic natural enemy Oecophylla
may, by and large, inﬂuence whether these farmers
will start using insecticides again.
Taking the context of fruit tree pest management
into account, appropriate pest management options
should be cost-eﬀective, locally available, selfestablished, reproducible and sustainable. Use of
weaver ants is a particularly suitable option. Being
generalist predators, the ants patrol trees continuously
seeking prey. Abundant populations of the weaver ant
Oecophylla control fruit ﬂies eﬀectively (Van Mele
et al. 2007). However, African farmers, extension staﬀ
and scientists often have a negative attitude towards
weaver ants and are unaware of their beneﬁcial eﬀects.
Appropriate rural education based on discovery
learning and action research could help all participants to acquire basic skills in diagnosing early fruit
ﬂy damage and developing conﬁdence in the eﬀectiveness of weaver ants as a pest control agent.
Scientiﬁc validation of local knowledge by scientists may increase farmers’ pride in their use (Thrupp
1989) and also help to deﬁne which farmers could be
integrated as experts in future collaborative development of alternative strategies (Van Mele and Cuc
2000). However, in doing so scientists often focused
on farmers only, neglecting other crucial sources of
local knowledge. By interviewing fruit-pickers we
learnt that they have accumulated through their own
experience some knowledge on fruit ﬂy damage,
appreciated other beneﬁts of weaver ants and
learnt how to reduce their nuisance during harvest.
According to Bentley and Rodriguez (2001) folk
knowledge is uneven, being determined by the
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cultural importance of each item and its ease of
observation. This partly explains the diﬀerence in
knowledge between fruit-growers and fruit-pickers.
The weaver ant Oecophylla is easy to observe. Even
though observations of its predatory behaviour are
inﬂuenced by tree size, at least its nests are
conspicuous, and tree pickers tend to spend more
time in the tree canopy than growers, which gives
pickers an advantage for observing ants. Also, the
cultural importance of weaver ants is diﬀerent for
fruit-growers, who consider Oecophylla to be mainly
a gendarme or police that protects their orchards from
thieves. Women fruit-pickers in Benin, however,
directly negotiate the price of their harvest with the
grower after which they try to sell the fruit at the local
market. Since not all mangoes are sold immediately,
fruit quality and shelf life determine the diﬀerence
between loss and proﬁt. Through experience most
women have learnt that orchards with weaver ants
yield better fruit. Future development interventions
could stimulate sustainable production systems, in
which Oecophylla plays a key role, by strengthening
the demand side and attributing a stronger role to
fruit-pickers in farmer-training programmes. For
example, respected fruit-pickers could be taped on
video, explaining their observations of weaver ants.
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