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Abstract

Background: Although termites are considered as agricultural pests, they play an important role in maintaining the
ecosystem. Therefore, it matters to investigate the farmers’ perception of the impacts of the termites on the agriculture
and their indigenous utilization.

Methods: A semi-structured questionnaire was used to interview 94 farmers through 10 villages of Atacora department,
in the northwestern region of Benin, to obtain information for the development of successful strategies of termite
management and conservation. Their perceptions on the importance and management of termites along with the
indigenous nomenclature and utilization of termite mounds were assessed. Termite species identified by farmers were
collected and preserved in 80% alcohol for identification.

Results: Eight crops were identified by farmers as susceptible to termites with maize, sorghum, and yam as being the
most susceptible. According to farmers, the susceptibility to termites of these crops is due to their high-water content
and sweet taste. A total of 27 vernacular names of termites were recorded corresponding to 10 species, Amitermes
evuncifer, Macrotermes subhyalinus, and Trinervitermes oeconomus being the most damaging termite species. All the
names given to termite species had a meaning. The drought was identified by farmers as the main factor favouring
termite attacks. Demolition of termite mounds in the fields was the most commonly reported control method. Salt and
other pesticides were commonly used by farmers to protect stored farm products. The lack of effective control methods
is the main constraint for termite management. In northwestern Benin, farmers reported different purpose utilizations of
termite mounds and termites.

Conclusions: The study has shown that farmers perceived termites as pests of several agricultural crops and apply
various indigenous control practices whose efficiency need to be verified. Utilization of termites and termite mound
soil as food and medicinal resources underlines the need for a more focused approach to termite control for the
conservation of non-pest termite species. The sensitization of farmers on the importance of termites as well as the
development of an integrated control method to combat termite pests proved necessary.
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Background
Termites are social insects filling many ecological func-
tions, especially in tropical ecosystems [1]. They play an
important role in soil fertilization [2, 3], bioturbation
and soil formation [4, 5], decomposition of organic mat-
ter [6, 7], and vegetation growth and diversity [3, 8].
However, termites are best known as pests, which cause
severe damage to homes and agricultural products [9].
Of the more than 2600 described species of termites,
only a few hundred are known as pests of food crops in
Africa such as cereals [10–12], roots and tubers [13–16],
legumes [17, 18], and fruit trees [19]. In northwest
Benin, for instance, termites are highly voracious and
destructive and cause substantial damage to agricultural
products. The harvest losses caused by termites can be
enormous, in the order of 20 to 45% [20]. Despite the
huge amounts of damage to crops, very little informa-
tion is known on farmers’ perceptions of termite pests
and their management practices [21]. The first step
towards the development of successful pest management
strategies adapted to farmers’ needs is an understanding
of farmers’ perceptions of the pests and their control
methods [22, 23].
In Benin, apart from the previous studies conducted

by Loko et al. [16] on farmers’ knowledge and percep-
tions of termites in yam (Dioscorea spp.) and by Togola
et al. [11] on specific diversity and damage of termites
on upland rice, few information were documented on
termites in view of the antagonistic roles they can play
in agriculture systems [16]. Hence, it is a priority to
determine the perception of farmers on the importance
of termites in agriculture. Such information is necessary
for the formulation of a good pest management strategy
[24]. Since sustainable termite management includes
conservation of non-pest termite species and the
utilization of termites and associated resources [25], it is
important to document the indigenous utilizations of
termites and termite mounds by farmers. Furthermore,
information about indigenous perception of termite tax-
onomy is scarce in the literature, indicating the need for
appropriate documentation of such invaluable information
from a wide range of ethnic groups [26]. The objective of
the present study was to determine farmers’ perception on
the importance of termites as pests, indigenous nomencla-
ture and taxonomy of termites, indigenous practices of
termite control, and indigenous utilization of termites and
termite mounds in northwestern Benin.

Methods
The study area and site selection
This study was conducted in Atacora department,
located in northwestern Benin, and included nine
districts: Boukoumbé, Kobli, Toukountouna, Kérou,
Kouandé, Matéri, Natitingou, Péhonco, and Tanguiéta

(Fig. 1). The region is characterized by the Atacora
mountain chain, with altitudes varying from 400 m in
the south to 650 m in the north. Atacora department
has a sub-equatorial-type climate with only one dry
season (November–March) and only one rainy season
(April–October). The annual mean rainfall usually
ranges from 800 to 1300 mm and the mean monthly
temperature varies between 22 and 33 °C [27]. The main
ethnic groups in Atacora department are Bariba, Berba
or Biali, Ditamari, M’bermin or Gnindé, Waama, and
Fulani or Peulh. The major means of survival for the
local population is through agricultural crop farming,
except for the Fulani ethnic group who major in animal
husbandry. In this region, agricultural production is
carried out by non-mechanized farms, which are
dependent on human energy and still use relatively few
inputs. The major crops grown include cereals (mainly
maize and, to a lesser extent, sorghum, millet, and rice),
roots and tubers (yams and cassava), and legumes
(cowpea, beans, and voandzou). For a sufficient coverage
study area, 10 villages were randomly selected and
surveyed through the nine districts (Fig. 1).

Data collection
The survey was implemented in each of the randomly
selected villages through the application of participa-
tory research appraisal tools and techniques, such as
individual interviews and direct field observations
using an interviewer-administered questionnaire
according to Loko et al. [16]. Within villages, 6–10
households were randomly selected for individual
interviews using the transect method described by
Dansi et al. [28]. Because of the different ethnic
groups involved, a translator or interpreter was locally
recruited in each village to facilitate discussions and
exchanges with farmers, following Loko et al. [29]. In
each household, the interviewee was selected by
mutual agreement with the hosting couple according
to Christinck et al. [30]. A total of 94 households
were interviewed. Data collected included socioeco-
nomic data (age, gender, educational level, experience,
and household size of the interviewees), farmers’
perception of importance of termites as pest (species
crops susceptible to termites, reason of preference of
termites for some crops, factors favouring the
destructive behaviour of termites on crops, pest spe-
cies, diversity of termite pest species, importance of
damage), indigenous nomenclature and taxonomy of
termites, indigenous practices of termite control, and
indigenous utilization of termite mound soil and
termites. When farmers identified a species of termite
pest, they were asked to provide information on the
crops they attack and to evaluate the damage caused.
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Collection and identification of termite species
Foraging soldiers and workers of all termite species iden-
tified by farmers were collected and preserved in 80%
alcohol. Identification was conducted at the Laboratory
of Evolutionary Biology and Ecology at the Université
Libre de Bruxelles. The identification was based on the
soldier caste. In the laboratory, the specimens were
identified to species level by using various standard
determination keys developed by Sands [31–34], Bouillon
and Mathot [35, 36], Ruelle [37], and Williams [38].

Statistical analysis
For all data, descriptive statistics (frequencies, percent-
ages, means, and standard deviations) were calculated.
Statistical analysis was performed using the Statistical
Package for Social Sciences (IBM SPSS version 23.0).

Results
Sociodemographic characteristics of surveyed households
Eighty-eight percent of the surveyed households are
male-headed with only 11.7% of the households being

Fig. 1 Map of Atacora department showing the geographical position of the surveyed villages
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female-headed. The educational background of the
household heads showed that 75.5% of them were
illiterate with no formal education. A total of 20 house-
hold heads (21.3%) had basic education (primary school
level), whereas two household heads (2.1%) received
secondary education and only one (1.1%) household
head had university level. The mean household heads’
age was 44.9 years, with a group range between 20 and
72 years of age (Table 1). The household heads have an
average of 33.9 years of farming experience. Family size
varied between 2 and 24 individuals, with an average of
8.5 individuals per household. The average land size
owned by a household was 2.4 ha, and more than half of
the surveyed household heads (62.8%) had 0.5–3 ha.
Several ethnic groups were represented; the majority
were Bariba (25.6%), Ditamari (21.3%), and Waama
(21.3%), followed by Biali (10.6%), M’bermin (10.6%),
and Peulh (10.6%).

Farmers’ perception of termites as pests
All the surveyed farmers reported that termites, which
caused an important yield loss, attacked their fields.
They also reported that termites are general feeders
which attack many crop species. Eight crops were listed
by farmers as most susceptible to termites (Fig. 2).
Among them, maize (22.93% of responses), sorghum
(22.93% of responses), and yam (22.69% of responses)
are considered the most susceptible. For most surveyed
farmers (85.48%), the preference of termites for these
crops is justified by their water content (80.37% of
responses) and sweet taste (19.62% of responses).
According to farmers, among factors favouring the
abundance of termites in crops fields, drought (94.73%
of responses) was the most important. Cow dung (2.1%
of responses), chicken droppings (2.1% of responses),
and weeds (1.05% of responses) were also revealed by
some farmers as factors favouring the abundance of
termites in farms. All termite species are considered as
pests by a minority of farmers (3.19%). However, most
farmers (96.81%) distinguished termite pests from non-
pest species, based on several characteristics. For those
farmers, termite pest species do not have winged forms
(97.82% of responses), they have big heads and big
mandibles (1.08% of responses), and construct termite
mounds (1.08% of responses).

Vernacular nomenclature and taxonomy of termites’ pest
species
The generic names of termite varied through the ethnic
groups of the study area (Table 2). All the names given
to termite pest species had a meaning (Table 3). The
names assigned to termite pest species corresponded
mainly to morphological aspects of termites (78.28% of
responses), followed by the size and the shape of mandi-
bles (16.48% of responses), termite caste (1.12% of re-
sponses), and cohesion of termites (4.12% of responses).
Farmers’ identification of termites was principally based
on size (55.95% of responses) and colour (40% of re-
sponses) of soldiers and workers (Fig. 3). Some farmers
used the shape of mandibles (2.38% of responses), shape

Table 1 Sociodemographic characteristics of surveyed
households in the study area (n = 94)

Demographic
characteristics

Number of farmers Percentage Mean ± SE

Level of education

No formal education 71 75.5

Primary 20 21.3

Secondary 2 2.1

University 1 1.1

Age (years)

20–39 34 36.2 44.9 ± 1.1

40–49 28 29.8

50–59 20 21.3

60–72 12 12.7

Gender

Female 11 11.7

Male 83 88.3

Experience (years)

7–25 25 26.6 33.9 ± 1.2

26–44 47 50.0

45–62 22 23.4

Household size

2–10 68 72.3 8.5 ± 0.4

11–19 24 25.6

20–24 2 2.1

Land size

0.5–3 59 62.8

3–5 33 35.1 2.4 ± 0.1

5–10 2 2.1

n number of interviewed household heads, SE standard error of the mean
Fig. 2 Crops reported by farmers as susceptible to termite attacks
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of mound (0.48% of responses), shape of head (0.47 of
responses), shape of body (0.24% of responses), lifestyle
(0.24% of responses), and aggressiveness (0.24% of
responses) to distinguish termite pest species (Fig. 3).

Diversity of termite pests
In the study area, between two and four species of termite
pests were mentioned in the local language by each
surveyed farmer. In the function of the type of termite
mounds, farmers classified termite pest species in four
types (Table 4). According to farmers, termite pest species
can nest in big or small mounds, woods, or cap-shaped
mounds (Fig. 4). A total of 27 vernacular names of termite
were recorded in the study area which corresponded to 10
species (Table 4). Amitermes evuncifer (designated by six
vernacular names), Macrotermes subhyalinus (designated
by seven vernacular names), Trinervitermes oeconomus
(designated by four vernacular names), and Macrotermes
bellicosus (designated by two vernacular names) were the
most mentioned termite pest species and were reported
respectively by 24.24, 24.24, 15.38, and 12.69% of the re-
spondents. Cubitermes fungifaber (0.77% of respondents)
and Trinervitermes geminatus (0.38% of respondents)

were the least known termite pest species (Table 4).
According to farmers, maize, sorghum, yam, rice, peanut,
Bambara groundnut, and millet are attacked by the major-
ity of termite pest species (Fig. 5). However, cassava and
beans were attacked only by a few species of termites
(Fig. 5). Cassava was mentioned by farmers as most
attacked by Trinervitermes trinervius, Trinervitermes
togoensis, and A. evuncifer. In general, M. subhyalinus and
A. evuncifer were the most frequently recorded as pests of
many crops in the study area (Fig. 5).

Termite management practices
To control termite pests, most of the farmers inter-
viewed (54.26%) destroy termite mounds in the fields.
All of them notified that only small termite mounds
that prevent plowing in the fields are destroyed. The
remaining farmers (45.74%) do not destroy termite
mounds because of the rapid reconstruction of ter-
mite mounds by termites. Utilization of salt and
chemical insecticides such as Sofagrain was men-
tioned by some farmers (4.25%) to reduce losses due

Table 2 Generic name of termites, termite mounds, winged
termites, and queen across ethnic groups of the study area

Ethnic groups Termites Termite mounds Winged termites Queen

Bariba Tourou Tourou Yinmi Toukorou

Waama Touman Touré Iriri Tera

Ditamari Yétchouhinta Ditour Tipoulum-pouti Tatoubota

Biali Touapi Touï Yibi Toukoué

M’bermin Ditouré Outougo Nsamin Ditoubiri

Peulh Mohi Touwé Yobidji Mohiya

Table 3 Meaning of termite vernacular names across ethnic groups of the study area

Criteria of denomination Percentage of responses Vernacular names (ethnic group) Meaning of the vernacular name

Morphological aspect
(colour and size)

78.28 Tounidé (Waama), Toukouéma (Waama), Big termite

Toumégan (Waama), Toubarma (Waama) Small termite

Ditouré (M’bermin), Dikpéri (Ditamari),
Touap-tikanda (Biali),

Large red-bodied termite

Toukouba (Bariba), Mankotobi (Ditamari),
Ntoubomin (M’bermin), Nsomin (M’bermin),
Mohidamédji (Peulh), Touapopoué (Biali),

Small white-bodied termite

Mambotoumien (Ditamari),
Dikoutori (M’bermin),
Toukourokou or Gotourou (Bariba),
Mohibodédji (Peulh), Touapiyotouhinsi (Biali),
Kouba (Bariba)

Small red-bodied termite

Itoubouo (Ditamari) Termite with white body and red head

Size and shape of mandible 16.48 Ditour (Ditamari), Toubanga (Bariba),
Gangaré (Peulh),

Big termite with large mandibles

Termites caste 1.12 Atoubi (M’bermi-n) Child of the mother

Cohesion of termites 4.12 Dibi (Ditamari) Termites that evolve together

Fig. 3 Traits used by farmers to distinguish termite pest species
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to termites during storage. The lack of efficient pesti-
cides for the control of termites (89.52% of re-
sponses), the toxicity of chemical to humans and
animals consuming treated termites (8.57% of re-
sponses), and the lack of control methods recom-
mended by government structures (1.91% of
responses) were the main constraints related to the
management of termite pests.

Indigenous use of termite mound soil
Although most interviewed farmers (91.49%) are aware
that farms containing termite mounds are very fertile,
none of them use termite mound soil as fertilizer on the
farm. However, all interviewed farmers use termite
mound soil for the construction of granaries (95.84% of
responses), traditional furnaces (2.08% of responses), and
houses (2.08% of responses) (Fig. 6). Farmers said that

Table 4 Farmers’ classification of termites in the function of the type of mounds and termite pest species identified by farmers (n = 94)

Types of nest Vernacular name (sociolinguistic group) Scientific name Percentage of responses

Big termite mounds Touap-tikanda (Biali), Toukouéma (Waama),
Gangaré (Peulh), Ditouré (M’bermin),
Atoubi (M’bermin), Tounidé (Waama), Dikpéri (Ditamari)

Macrotermes subhyalinus
(Rambur, 1842)

24.24

Toubanga (Bariba), Ditour (Ditamari), Macrotermes bellicosus
(Smeathman, 1781)

12.69

Small termite mounds Touapiyotouhinsi (Biali), Toubarma (Waama),
Mohibodédji (Peulh), Dikoutor (Ditamari)

Trinervitermes oeconomus
(Trägårdh)

15.38

Dikoutori (M’bermin), Toumégan (Waama) Trinervitermes togoensis
(Sjöstedt)

6.92

Toukourokou or Gotourou (Bariba) Trinervitermes trinervius
(Rambur)

9.23

Itoubouo (Ditamari) Trinervitermes geminatus
(Wasmann)

0.38

Mambotoumien (Ditamari) Microcerotermes sp. 3.46

Wood, straw roof,
plant debris, dead leaves

Touapopoué (Biali), Mohidamédji (Peulh),
Toukouba (Bariba), Mankotobi (Ditamari),
Ntoubomin (M’bermin), Dibi (Ditamari)

Amitermes evuncifer
(Silvestri)

24.24

Nsomin (M’bermin) Microtermes sp. 2.69

Cap-shaped termite mounds Kouba (Bariba) Cubitermes fungifaber
(Sjöstedt)

0.77

Fig. 4 The four types of mounds of termite pests recognized by farmers. a Big termite mounds. b Small termite mounds. c Wood. d Cap-shaped
termite mounds
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they use termite mound soil to build these structures
because of its strength (87.13% of responses), its water-
proofness (10.89% of responses), and its hardness (1.98%
of responses). Termite mound soil is also used by some
farmers (46.81%) to treat various diseases (Table 5). In
Biali, M’bermin, and Ditamari ethnic groups, termite
mound soil is used as plaster to support broken limbs in
humans and animals (63.64% of responses) (Table 5),
while in Waama, M’bermin, and Ditamari ethnic groups,
termite mound soil is used as a therapeutic resource for
the treatment of umbilical dermatoses (20% of responses),
squirrel bites (10.91% of responses), and inflammation of
the parotid glands (mumps) (5.45% of responses). Some
farmers (62.5%) of Biali, M’bermin, Ditamari, Waama, and
Bariba ethnic groups also use termite mound soil in

traditional rituals to drive out evil spirits (90.77% of
responses) and attract fortunes (6.15% of responses) and
for scarification of children during the return ceremonies
of their father’s maternal family (3.08% of responses). In
all ethnic groups, it is especially the mound soil of
Trinervitermes oeconomus and Macrotermes subhyalinus
that is commonly used for these rituals.

Indigenous use of termites
In the study area, some Peulh, Ditamari, and Bariba
ethnic groups (11.70% of farmers) do not eat termites,
whereas most of surveyed farmers (88.30% of farmers)
consume the winged termites (58.22% of responses) and
queen (41.78% of responses) of some species of the
subfamily Macrotermitinae whose M. subhyalinus and

Fig. 5 Farmers’ perception of the proportion of termite pest species which attack major crops in the study area

Fig. 6 Examples of traditional granaries and furnace constructed with termite mound soil. a Granaries. b Traditional furnace
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M. bellicosus are both considered by farmers as pests
(Fig. 7). Farmers only consume winged termites and the
queen of the genus Macrotermes because of their big
size (77.06% of responses), fat (11.01% of responses),
good smell (5.50% of responses), and easiness to be
collected (4.59% of responses), but also by cultural heri-
tage (0.92% of responses) and spiritual protection (0.92%
of responses). In the study area, termites are being
prepared for consumption in various recipes (Fig. 8).
Most farmers, of all ethnic groups, consume roasted
termites (75.68% of responses). Termites can be also
consumed fried (10.81% of responses) by farmers of the
Waama and Biali ethnic groups; dried (9.91% of
responses) by farmers of the Ditamari, Waama, and
Bariba ethnic groups; grilled (1.8% of responses) and raw
(1.8% of responses) by farmers of the Biali and Waama
ethnic groups respectively. According to farmers, termite
collection is done during the rainy season either by
trapping the adults with a bowl of water under a light
source (58.33% of responses) or by breaking the termite
mounds after the rain to recover the queen (41.67% of
responses). All the surveyed farmers use workers of
some termite species in poultry feeding. The trapping of
termites for the feeding of poultry is done by introdu-
cing leafy tree branches (especially those of Parkia
biglobosa (Jacq.) R.Br. ex G. Don) through a hole drilled
in the termite mound (Fig. 9). The leafy branches are
removed from the termite mound at a particular time

usually between 30 min to 2 h, and the termites attached
to the foliage are recovered in a basin. Only a few
farmers (7.45%) rear termites in cow dung mixed with
wood debris.

Discussion
In the study area, termites are considered as pests for
many crops. The crops mentioned by the farmers as
attacked by termites have also been reported by Sileshi
et al. [39] in Zambia, Maayiem et al. [40] in Ghana, and
Orikiriza et al. [26] in Uganda. Many studies have also
shown that maize [25, 40–43] and yam [16, 40] are the
food crops most susceptible to termite attacks. It thus
becomes a clear priority to evaluate the diversity and
abundance of termites in maize and yam fields and to
develop adequate strategies for the protection of these
crops. Contrary to the reports of farmers in the study
area, which mentioned sorghum as one of the major sus-
ceptible crops to termites, Maayiem et al. [40] in Ghana
reported no incidence of termite attacks in sorghum
fields during their study. This confirmed the claim that
sorghum is protected from termite damage, perhaps due
to its role as a reservoir of termite predatory ants [42]. It
is apparently important to assess the impact and damage
caused by termites in sorghum fields in the study area to
confirm farmers’ claims.
Farmers involved in this study could identify 10 ter-

mite pest species using their indigenous names; however,

Table 5 Therapeutic usages of termite mound soil by ethnic groups of Atacora department

Treated diseases Ethnic groups Termite mounds of
species

Mode of usage

Broken limbs in humans and animals Biali, M’bermin, Ditamari Macrotermes subhyalinus
Macrotermes bellicosus

Heat the soil of termite mounds with water and massage the
broken limb with the obtained decoction or use it as plaster

Umbilical dermatoses Waama Macrotermes subhyalinus
Trinervitermes oeconomus

Crush the soil of the termite mound, mix with water, and
apply externally the obtained paste around the navel

Squirrel bites M’bermin Macrotermes subhyalinus Dig the large termite mounds and introduce the part
bitten by the squirrel in and close the termite mound.
The soldiers will bite the inserted part and thus will
neutralize rabies transmitted by the squirrel

Mumps Ditamari Macrotermes bellicosus Mix the soil of termite mounds with water and smear the
obtained dough on the cheeks

Fig. 7 Queen and winged termites consumed by farmers in the study area
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there exist some farmers who lack this knowledge, for
example, farmers from the central rift valley of Ethiopia
[23] are not aware of the existence of different species of
termites. This is also the case of Ugandan farmers of
Toronto district [44] and Nakasongola district [26],
which identified respectively 14 and 9 termite pest
species with distinct indigenous names. Similarly,
farmers in Central Benin [16], in Ghana [45], and in
Uganda [26, 44] identified termite pest species princi-
pally based on their colour and size. Such indigenous
taxonomic skills could be vital for communication
between researchers, extension agents, educators, and
farmers for termite management programs [26].
Like those in Central Benin [16], the farmers in this

study recognized that several factors favoured the pest
status of termites. The study reveals that termites are
most damaging to crops during the dry season. Our
literature review [20, 25, 39, 44] figures out similar find-
ings. Similarly, some studies in Zambia [46] and in India
[47] point out that weeds favour the abundance of

termites in agricultural farms. Some farmers said that
fields fertilized with cow dung are the most attacked by
termites. This assertion was confirmed by Karbo et al.
[48], which notified that farmers in Ghana consider cow
dung obtained in the dry season as the most suitable bait
for trapping termites. Moreover, Ferrar and Watson [49]
have shown that termites play a crucial role in removing
dry dung pads from Australian pastures, while Sileshi et
al. [25] in Uganda, Malaret and Ngoru [50] in Kenya,
and Banjo et al. [51] in Nigeria have reported that
farmers use cow dung to control termites. It is important
to conduct a pilot research to know how attractive or
repulsive cow dung is to termites. In addition, farmers’
perceptions on chicken droppings favouring the attack of
termites on agricultural crops need to be verified.
Results of this study showed that A. evuncifer, M. sub-

hyalinus, T. oeconomus, and M. bellicosus are the most
damaging termite species. This result is not surprising
because A. evuncifer is the most common and harmful
termite pest species to cassava [14], palm oil [52], rice
[10], yam [14, 16], and sugarcane [44]. Macrotermes
bellicosus and M. subhyalinus are known as the most
important termite pests, causing considerable damage to
agricultural crops [44, 53]. Trinervitermes oeconomus is
regarded as a significant pest of yam [16]. Among these
termite pest species cited by farmers, Microtermes sp. is
recognized as the most damaging species to groundnut
[54] and maize root systems [10]; Microcerotermes sp.
and T. trinervius causing damage to cassava cuttings [1];
and T. geminatus, T. togoensis, and Cubitermes
fungifaber as pests of mangoes [19]. In the study area,
farmers identified several species of termites as associ-
ated with each of major crops.
Most of the farmers in the study area systematically

and deliberately demolish the termite mounds near the
crop farms to control the pests. This control method
was also practised by Ugandan farmers [44, 55]. Know-
ing that termite species play a beneficial role in the pro-
motion of essential ecological processes [25], it is
therefore important to increase farmers’ knowledge on
these roles in the farm ecosystem. Utilization of salt to
control termites in the study area has been also reported
in Ghana during a similar study [45]. Despite the effect-
iveness of salt to dehydrate insects [56], it is expensive
for farmers to purchase the quantities to be used across
the land of the plot [40]. Very few farmers use chemical
pesticides to control termites because most of them are
inefficient. As mentioned by farmers, it is important to
develop termite control strategies that will be dissemi-
nated through government structures.
Although all farmers in the study area have attested

that lands containing termite mounds are fertile, none of
them fertilizes the crop fields with the soil of termite
mounds. However, the soil of termite mounds is used as

Fig. 8 Different modes of consumption of termites in the study area

Fig. 9 The trapping of termites for the feeding of poultry by introduction
of leafy tree branches in termite mounds
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fertilizer by some farmers in Ethiopia [23], Laos [57],
Uganda [58], Zambia, Zimbabwe, Tanzania, Niger, and
Sierra Leone [25]. Indeed, the soil of termite mounds is
usually rich in minerals, such as calcium, magnesium,
potassium, sodium, and available phosphorus [59, 60].
Studies conducted by Miura et al. [61] and Noble et al.
[62] in Northeast Thailand show higher crop productiv-
ity at the site of levelled termite mounds. Similarly, to
farmers of this study, soil from termite mounds is also
principally used for granary construction in Ghana [45].
Indeed, the treated termite mound clay silos demonstrated
great potential for reducing temperature fluctuations and
maintaining stored grain quality [63]. As farmers in this
study also mentioned, the soil of termite mounds is also
used by Ghanaian farmers as medicines for the treatment
of various diseases that affect humans [45].
Termites are widely consumed by people from all over

the world because they provide the relevant amount of
organic nutrients [64]. As already mentioned by farmers,
edible termites in Africa are represented by the
Macrotermes species [65]. Winged termites of the genus
Macrotermes are also mostly consumed by people in
Nigeria [66, 67], Kenya [68], South Africa [69], and India
[70]. Similarly, to the Nigerian people [71], winged
termites are mostly roasted and relished as a snack by
people living the traditional lifestyle. In the study area,
no utilization of termites in traditional medicine was
recorded, while the evidence of antibiotic [72, 73], anti-
microbial [74], antifungal [75], and antibacterial [75, 76]
properties of some termite species have been reported.
Therefore, the consumption of termites by the farmers
in the study area must be promoted because the species
of termites consumed can be considered as nutraceuti-
cals. The high-fat content of termites justifies their
widespread utilization for poultry feeding by farmers in
West Africa [77]. However, few farmers rear termites
that are collected from the mounds. In view of the diffi-
culty to find adequate quantities of termites for farm
animals, efficient methods of rearing termites based on
fibrous and humidified waste or crop residues placed in
clay pots or baskets, which are then inverted and placed
on small termite nests as described by Vorsters et al.
[78], should be disseminated to farmers.

Conclusion
This study showed that termites are important pests of
many crops with maize, sorghum, and yam as being the
most susceptible. According to farmers, A. evuncifer, M.
subhyalinus, T. oeconomus, and M. bellicosus are the
most damaging termite pest species. It is important to
evaluate the diversity, abundance, impact, and damage of
termite pests on crop production for their better
management. The documentation of vernacular nomen-
clature and taxonomy of termites’ pest species is

expected to help the communication between re-
searchers and farmers. The role of cow dung and
chicken droppings as factors favouring termite attacks
on agricultural crops need to be verified. Many strategies
have been developed by farmers to reduce the attack of
termites; among them, the destruction of termite
mounds in the fields was the most important. So, it is
urgent to sensitize farmers on the ecosystemic import-
ance of these social insects but also to develop strategies
for pest management permitting the conservation of
non-pest termite species. This study also revealed several
utilizations of termites and the soil of termite mounds
by farmers showing their potential for being used as
food, building materials, and new medicinal sources.

Abbreviations
G. Don: Georges Don; (Jacq.): Jacquin; R.Br.: Robert Brown

Acknowledgements
We thank anonymous reviewers for their comments on previous versions of the
manuscript. This work was carried out with the support of Belgian National Focal
Point to the Global Taxonomy Initiative. The author thanks all the respondents
from the Atacora district for contributing their valuable traditional knowledge.

Funding
Not applicable

Availability of data and materials
Raw and treated data generated during the study are available from the
corresponding author on reasonable request.

Authors’ contributions
LYL participated in the study design, analysed and interpreted the data, and
drafted the manuscript. OA and AP carried out interview work and collected
termite samples. LYL and YR identified termite species. TM, YR, and DA
corrected the manuscript. All authors approved the final manuscript.

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Laboratory of Applied Entomology, Faculty of Sciences and Technology of
Dassa, National University of Sciences, Technologies, Engineering and
Mathematics of Abomey, BP 14 Dassa, Benin. 2International Institute of
Tropical Agriculture (IITA), PMB 5320, Ibadan, Oyo State, Nigeria. 3Laboratory
of Biotechnology, Genetic Resources and Plant and Animal Breeding
(BIORAVE), Faculty of Sciences and Technology of Dassa, BP 14 Dassa, Benin.
4International Institute of Tropical Agriculture, 08BP 0932, Cotonou, Benin.
5Evolutionary Biology and Ecology, Université Libre de Bruxelles, Brussels,
Belgium.

Yêyinou Loko et al. Journal of Ethnobiology and Ethnomedicine  (2017) 13:64 Page 10 of 12



Received: 29 June 2017 Accepted: 11 October 2017

References
1. Sane H, Samb T, Ndiaye AB, Ba CT. Etude de la diversité des termites

(Isoptera) dans quelques localités de la région de Kolda (Haute Casamance,
Sénégal). ESJ. 2016;12:263–80.

2. Freymann BP, Buitenwerf R, Desouza O, Olff H. The importance of termites
(Isoptera) for the recycling of herbivore dung in tropical ecosystem: a
review. Eur J Entomol. 2008;105:165–73.

3. Jouquet P, Traoré S, Choosai C, Hartmann C, Bignell D. Influence of termites
on ecosystem functioning. Ecosystem services provided by termites. Eur J
Soil Biol. 2011;47:215–22.

4. Garba M, Cornelis WM, Steppe K. Effet of termite mound material on the
physical proprieties of sandy soil and on the growth characteristics of tomato
(Solanum lycopersicum L.) in semiarid Niger. Plant Soil. 2011;338:451–66.

5. Jouquet P, Bottinelli N, Shanbhag RR, Bourguignon T, Traoré S, Abbasi SA.
Termites: the neglected soil engineers of tropical soils. Soil Sci. 2016;181:157–65.

6. Bignell DE, Eggleton P. Termites in ecosystems. In: Abe T, Bignell DE, Higashi
M, editors. Termites: evolution, sociality, symbiosis, ecology. Dordrecht:
Kluwer Academic Publishers; 2000. p. 63–387.

7. Diop A, Ndiaye AB, Ba CT. Décompositions de la bouse de bovin sèche et
macrofaune associée en zone sahélienne semi-aride (Matam, Sénégal).
IJBCS. 2013;7:147–62.

8. Dossou-Yovo HO, Vodouhe FG, Sinsin B. Assessment of the medicinal uses
of plant species found on termitaria in the Pendjari biosphere reserve in
Benin. J Med Plants Res. 2014;8:368–77.

9. Zaremski A, Fouquet D, Louppe D. Les termites dans le monde. Coll. Guide
pratique, Ed. Quae. 2009;1–94. ISBN 978-2-7592-0343-7.

10. Akpesse AA, Kouassi PK, Tano Y, Lepage M. Impact des termites dans les
champs paysans de riz et de maïs en savane sub-soudanienne [Impact of
termites on peasant rice and maize in sub-Sudanese savannah] (Booro-
Borotou, Côte-d’Ivoire). Sci Nature. 2008;5:121–31.

11. Togola A, Nwilene FE, Kotoklo EA, Amevoin K, Glitho IA, Oyetunji OE, Niang
A. Effect of upland rice varieties and cultural practices on termite
populations and damage in the field. J Appl Sci. 2012;12:675–80.

12. Singh KR, Sudershan G, Anupama DTK, Singh P, Anjani K, Singh VS.
Biological management of subterranean termites (Odontotermes obesus)
infesting wheat and pearl millet crops by entomopathogenic nematodes.
Indian J Nematol. 2014;44:97–100.

13. Wood TG, Smith RW, Johnson RA, Komolafe PO. Termite damage and crop
loss studies in Nigeria-preharvest losses to yams due to termites and other
soil pests. Trop Pest Manag. 1980;26:355–70.

14. Atu UG. Cultural practices for the control of termite (Isoptera) damage
to yams and cassava in south-eastern Nigeria. Int J Pest Manag. 1993;
39:462–6.

15. Faye A, Kane PD, Mbaye DF, Sall Sy D, Sane D. Study of the cassava varietal
sensitivity to termites ravaging cuttings planted in farms in the department
of Tivaouane (Senegal). Int J Sci Adv Technol. 2014;4:6–16.

16. Loko YL, Agre P, Orobiyi A, Dossou-Aminon I, Roisin Y, Tamo M, Dansi A.
Farmers’ knowledge and perceptions of termites as pests of yam (Dioscorea
spp.) in Central Benin. Int J Pest Manage. 2015;62:75–84.

17. Malik MU, Javed H, Ayyaz M. Evaluation of different groundnut Arachis
hypogea L. cultivars against termites, Odontotermes obesus (Rambur) in
Rawalpindi, Pakistan. TURJAF. 2015;3:448–52.

18. Vasanthi EAP, Rajavel DS. Effect of sesamin on termites, Odontotermes
wallonensis (wasmann) in groundnut. J Entomol Res. 2016;40:17–20.

19. Tenon C, Akpesse AAM, Boga J-P, Yapi A, Kouassi KP, Roisin Y. Change in
termite communities along a chronosequence of mango tree orchards in
the north of Côte d’Ivoire. J Insect Conserv. 2016;20:1011–9.

20. Logan MW, Cowie RH, Wood TG. Termite (Isoptera) control in agriculture
and forest by nonchemical methods a review. Bull Entomol Res. 1990;80:
309–30.

21. Ayuke FO. Biodiversity of soil macrofauna functional groups and their
effects on soil structure, as related to agricultural management practices
across agroecological zones of sub-Saharan Africa. Doctor of Philosophy in
Soil Biology, Collection CAVS, Wageningen University. 2010. p. 90–120.

22. Sileshi GW, Kuntashula E, Matakala P, Nkunika PO. Farmers’ perceptions of
tree mortality, pests and pest management practices in agroforestry in
Malawi, Mozambique and Zambia. Agrofor Syst. 2008;72:87–101.

23. Debelo DG, Degaga EG. Farmers’ knowledge, perceptions and management
practices of termites in the central rift valley of Ethiopia. Afr J Agric Res.
2015;10:3625–35.

24. Kekeunou S, Weise S, Messi J, Tamò M. Farmers’ perception on the
importance of variegated grasshopper (Zonocerus variegatus (L.)) in the
agricultural production systems of the humid forest zone of Southern
Cameroon. J Ethnobiol Ethnomed. 2006;2:1–12.

25. Sileshi GW, Nyeko P, Nkunika POY, Sekematte BM, Akinnifesi FK. Integrating
ethno-ecological and scientific knowledge of termites for sustainable
termite management and human welfare in Africa. Ecol Soc. 2009;14:48.

26. Orikiriza LJB, Nyeko P, Sekamatte B. Farmers’ knowledge, perceptions and control
of pestiferous termites in Nakasongola district. Uganda UJAS. 2012;13:71–83.

27. Houndénou C, Hernandez K. Modification de la saison pluvieuse dans
l’Atacora (1961-1990). Un exemple de sécheresse au Nord-Ouest du Bénin
(Afrique occidentale). Sécheresse. 1998;9:23–34.

28. Dansi A, Adjatin A, Adoukonou-Sagbadja H, Faladé V, Yedomonhan H, Odou
D, Dossou B. Traditional leafy vegetables and their use in the Benin
Republic. Genet Resour Crop Evol. 2008;55:1239–56.

29. Loko YL, Dansi A, Linsoussi C, Tamo M, Vodouhè R, Akoegninou A, Sanni A.
Current status and spatial analysis of Guinea yam (Dioscorea cayenensis Lam. -D.
rotundata Poir. complex) diversity in Benin. IRJAS. 2013;3:219–38.

30. Christinck KVB, Weltzien EK, Bramel-Cox PJ. Participatory methods for
collecting germplasm: experiences with famers of Rajasthan. India PGR
Newsl. 2000;121:1–9.

31. Sands WA. A revision of the termite of genus Amitermes from the Ethiopian
region (Isoptera, Termitidae, Amitermitinae). Bull British Mus. 1959;8:129–56.

32. Sands WA. A revision of the termite subfamily Nasutitermitinae (Isoptera,
Termitidae) from the Ethiopian region. Bull British Mus. 1965;4:1–172.

33. Sands WA. The soldierless termites of Africa (Isoptera: Termitidae). Bull Br
Mus Nat Hist Entom. 1972;(Suppl 18):1–244.

34. Sands WA. The termite genus Amitermes in Africa and the Middle East. Nat
Resour Inst Bull. 1992;51:1–140.

35. Bouillon A, Mathot G. Quel est ce termite africain? Zooleo. No° 1. (Ed).
Léopoldville: Université de Léopoldville. 1965. p. 1–115.

36. Bouillon A, Mathot G. Quel est ce termite africain? Zooleo. N°1 (Suppl. 2),
1971. p. 1–48.

37. Ruelle JE. A revision of the termites of the genus Macrotermes from the
Ethiopian region (Isoptera: Termitidae). Bull British Mus. 1970;24:363–444.

38. Williams RMC. The East African termites of the genus Cubitermes (Isoptera:
Termitidae). Trans Roy Ent Soc London. 1966;118:73–118.

39. Sileshi G, Mafongoya PL, Kwesiga F, Nkunika P. Termite damage to maize
grown in agroforestry systems, traditional fallows and monoculture on
nitrogen-limited soils in eastern Zambia. Agric For Entomol. 2005;7:61–9.

40. Maayiem D, Bernard BN, Irunuoh AO. Indigenous knowledge of termite
control: a case study of five farming communities in Gushegu District of
Northern Ghana. J Entomol Nematol. 2012;4:58–64.

41. Munthali D, Logan J, Wood T, Nyirenda G. Termite distribution and damage to
crops on smallholder farms in southern Malawi. Insect Sci Appl. 1999;19:43–9.

42. Sekamatte MB, Latigo OM, Smith AR. Effects of maize-legume intercrops on
termites damage to maize, activity of predatory ants and maize yield in
Uganda. Ugandan J Crop Protect. 2003;22:653–62.

43. Mutsamba EF, Nyagumbo I, Mafongoy P. Termite prevalence and crop
lodging under conservation agriculture in sub-humid Zimbabwe. Crop Prot.
2016;82:60–4.

44. Nyeko P, Olubayo FM. Participatory assessment of farmers’ experiences of termite
problems in agroforestry in Tororo district. Uganda AgREN. 2005;143:15.

45. Akutse KS, Owusu EO, Afreh-Nuamah K. Perception of farmers’ management
strategies for termites control in Ghana. J Appl Biosci. 2011;49:3394–405.

46. Sileshi G, Mafongoya PL. Effect of rotational fallows on abundance of
soil insects and weeds in maize crops in eastern Zambia. Appl Soil
Ecol. 2003;23:211–22.

47. Sharma RK, Babu KS, Chhokar RS, Sharma AK. Effect of tillage on termites,
weed incidence and productivity of spring wheat in rice–wheat system of
North Western Indian plains. Crop Prot. 2004;23:1049–54.

48. Karbo N, Bruce J, Malex A, Otchere EO. The role of livestock in sustaining
soil fertility in northern Ghana. ILEIA newsletter. 1999:49–50.

49. Ferrar P, Watson JAL. Termites (Isoptera) associated with dung in Australia.
Aust Entomol. 1970;9:100–2.

50. Malaret L, Ngoru FN. Ethno-ecology: a tool for community based pest
management farmer knowledge of termites in Machakos district. Kenya
Sociobiology. 1989;15:197–211.

Yêyinou Loko et al. Journal of Ethnobiology and Ethnomedicine  (2017) 13:64 Page 11 of 12



51. Banjo AD, Lawal OA, Fapojuwo OE, Songonuga EA. Farmers’ knowledge and
perception of horticultural insect pest problems in southwestern Nigeria. Afr
J Biotechnol. 2003;2:434–7.

52. Han SH, Tokro GP, Tano Y, Lepage M. Dégâts des termites dans les
plantations de palmiers à huile en Côte d'Ivoire : évaluation et méthodes de
lutte. Plantations Rech Developpem. 1998;5:119–26.

53. Addisu S, Mohamed D, Waktole S. Efficacy of botanical extracts against
termites, Macrotermes spp., (Isoptera: Termitidae) under laboratory
conditions. Int J Environ Agric Res. 2014;9:60–73.

54. Johnson RA, Lamb RW, Wood TG. Termite damage and crop loss studies in
Nigeria—a survey of damage to groundnuts. Trop Pest Manage. 1981;27:325–42.

55. Mugerwa S, Nyangito M, Nderitu J, Bakuneta C, Mpairwe D, Zziwa E.
Farmers’ ethno-ecological knowledge of the termite problem in semi-arid
Nakasongola. Afr J Agric Res. 2011;6:3183–91.

56. Danks VH. Dehydration in dormant insects. J Insect Physiol. 2000;46(6):837–52.
57. Miyagawa S, Koyama Y, Kokubo M, Matsushita Y, Adachi Y, Sivilay S,

Kawakubo N, Oba S. Indigenous utilization of termite mounds and their
sustainability in a rice growing village of the central plain of Laos. J
Ethnobiol Ethnomed. 2011;7:24.

58. Okwakol MJN, Sekamatte MB. Soil macrofauna research in ecosystems in
Uganda. Afr J Ecol. 2007;45:2–8.

59. Boga JP, Kouassi P, Yapi A, Tahiri A, Tano Y. Modification des propriétés des
sols par les termites et impact des sols de termitières sur la production de
maïs et de riz en savane de Côte d’Ivoire. Sci Tech. 2000;24:54–66.

60. van Huis A. Cultural significance of termites in sub-Saharan Africa. J
Ethnobiol Ethnomed. 2017;13:8.

61. Miura K, Subjasaram T, Tawinthung N, Noochan N, Shiraishi K. Effects
of termite activity on soils in Northeast Thailand. Jpn J Trop Agr.
1990;34:40–7.

62. Noble AD, Ruaysoongnern S, Penning de Vries FWT, Hartmann C, Webb MJ.
Enhancing the agronomic productivity of degraded soils in Northeast
Thailand through clay-based interventions. In: Seng V, Craswell E, Fukai S,
Canberra FK, editors. Water in agriculture: Australian Centre for International
Agricultural Research; 2004. p. 148–60.

63. Minjinyawa Y, Lucas EB, Adegunioye FO. Termite mound clay as material for
grain silos construction. CIGR E-Journal. 2007;9:1–15.

64. Figueirêdo RECR, Vasconcellos A, Policarpo IS, Alves RRN. Edible and
medicinal termites: a global overview. J Ethnobiol Ethnomed. 2015;11:29.

65. Kelemu S, Niassy S, Torto B, Fiaboe K, Affognon H, Tonnang H, Maniania NK,
Ekesi S. African edible insects for food and feed: inventory, diversity,
commonalities and contribution to food security. JIFF. 2015;1:103–19.

66. Fasoranti JO, Ajiboye DO. Some edible insects of Kwara State. Nigeria Am
Entomol. 1993;39:113–6.

67. Banjo AD, Lawal OA, Songonuga EA. The nutritional value of fourteen
species of edible insects in Southwestern Nigeria. Afr J Biotechnol.
2006;5:298–301.

68. Ayieko MA, Nyambuga IA. Termites and lake flies in the livelihood of
households within the Lake Victoria region: methods for harvesting and
utilization. Nairobi: Technical report for the National Museums of Kenya,
Research Program on Sustainable Use of Dryland Biodiversity, National
Museums of Kenya; 2009. p. 1–11.

69. Lesnik JL. Termites in the hominin diet: a meta-analysis of termite genera,
species and castes as a dietary supplement for South African robust
australopithecines. J Hum Evol. 2014;71:1–11.

70. Wilsanand V. Utilization of termite, Odontotermes formosanus by tribes of
South India in medicine and food. Nat Prod Rad. 2005;4:121–5.

71. Adepoju OT, Ajayi K. Nutrient composition and adequacy of two locally
formulated winged termite (Macrotermes bellicosus) enriched
complementary foods. JFR. 2016:79–89.

72. Coutinho H, Vasconcellos A, Lima M, Almeida-Filho G, Alves RRN. Termite
usage associated with antibiotic therapy: enhancement of aminoglycoside
antibiotic activity by natural products of Nasutitermes corniger (Motschulsky
1855). BMC Complement Altern Med. 2009;9:35.

73. Chaves TP, Clementino ELC, Felismino DC, Alves RRN, Vasconcellos A,
Coutinho HDM, Medeiros ACD. Antibiotic resistance modulation by natural
products obtained from Nasutitermes corniger (Motschulsky, 1855) and its
nest. Saudi J Biol Sci. 2014;22:404–8.

74. Da Silva P, Jouvensal L, Lamberty M, Bulet P, Caille A, Vovelle F. Solution
structure of termicin, an antimicrobial peptide from the termite
Pseudacanthotermes spiniger. Protein Sci. 2003;12:438–46.

75. Ramos-Elorduy J. Insects: a hopeful food source. In: Paoletti MG, editor.
Ecological implications of minilivestock. Enfield NH: Science Pub; 2005.
p. 263–91.

76. Zeng Y, Hu XP, Suh S-J. Characterization of antibacterial activities of
eastern subterranean termite, Reticulitermes flavipes, against human
pathogens. Ling E, ed. PLoS One. 2016;11(9):e0162249. doi:10.1371/
journal.pone.0162249.

77. Kenis M, Koné N, Chrysostome CAAM, Devic E, Koko GKD, Clottey VA,
Nacambo S, Mensah GA. Insects used for animal feed in West Africa.
Entomologia. 2014;2:107–14.

78. Vorsters A, Aminou T, Demey F. Récolte de termites pour l’aviculture à
Songhai (Bénin). Cahiers Agr. 1994;3:265–6.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Yêyinou Loko et al. Journal of Ethnobiology and Ethnomedicine  (2017) 13:64 Page 12 of 12

http://dx.doi.org/10.1371/journal.pone.0162249
http://dx.doi.org/10.1371/journal.pone.0162249

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	The study area and site selection
	Data collection
	Collection and identification of termite species
	Statistical analysis

	Results
	Sociodemographic characteristics of surveyed households
	Farmers’ perception of termites as pests
	Vernacular nomenclature and taxonomy of termites’ pest species
	Diversity of termite pests
	Termite management practices
	Indigenous use of termite mound soil
	Indigenous use of termites

	Discussion
	Conclusion
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

