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Résumeé :

La chenille légionnaire d'automne Spodoptera frugiperda (Lepidoptera: Noctuidae) est un
ravageur vorace qui se nourrit principalement de céréales et autres cultures d'importance
économique. Originaire d'Amérique, elle a récemment envahi les pays d'Afrique sub-saharienne
ou elle menace actuellement la sécurité alimentaire. Les connaissances sur ses ennemis naturels
en Afrique sont limitées. Dans cette étude, nous avons cherché a identifier les arthropodes, les
champignons et les nématodes entomopathogenes qui contrélent naturellement ce ravageur au
Burkina Faso. Des échantillonnages d'insectes, y compris des larves et des masses d'ceufs, ont
été réalisés dans 47 champs de mais d'octobre 2019 a novembre 2020. Une vingtaine d'espéces
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de parasitoides, de prédateurs et de champignons entomopathogénes associés a la chenille
légionnaire d'automne ont été identifiées. Le taux de parasitisme global était de 10,5 %. Les
nématodes (Mermithidae) étaient les parasites les plus fréquents (73,2% des larves parasitées).
Les parasitoides identifiés comprenaient des Hyménopteres [Coccygidium luteum (Brullé),
Chelonus bifoveolatus (Szépligeti)] et des Diptéres (Drino sp.). Les prédateurs comprenaient des
Areneae et des insectes appartenant aux familles suivantes : Carabidae (Calleida sp.),
Coccinellidae [Cheilomenes sulphurea (Olivier)], Forficulidae [Diaperasticus erythrocephalus
(Olivier), Forficula senegalensis (Serville)], Formicidae [Pheidole megacephala (Fabricius) et
autres], Mantidae, Pentatomidae et Reduviidae (Rhynocoris sp.). Les prédateurs les plus
abondants étaient les Forficulidae (51%), Formicidae (15%) et Coccinellidae (13%). Nous
préconisons le développement de la lutte biologique de conservation, car cette approche peut
étre simple et rentable pour contréler ce ravageur.

Mots-clés : lutte biologique, champignon entomopathogéne, nématode entomopathogéene
(Mermithidae), prédateurs généralistes, parasitoides

Abstract :

The fall armyworm Spodoptera frugiperda (Lepidoptera: Noctuidae) is a voracious pest that
preferentially feeds on cereals and other crops of economic importance. Native to America, it
has recently invaded sub-Saharan African countries where it is currently threatening food
security. There is limited knowledge of the natural enemies of the fall armyworm in Africa. In
this study, we aimed to identify arthropods, fungi and entomopathogenic nematodes that
naturally control this pest in Burkina Faso. Insect samplings, including larvae and egg masses,
were conducted in 47 maize farms from October 2019 to November 2020. About 20 species of
parasitoids, predators and entomopathogenic fungus associated with the fall armyworm were
identified. The overall parasitism rate was 10.5%. Nematodes (Mermithidae) were the most
frequent parasites (73.2% of the parasitized larvae). Identified parasitoids included
Hymenopterans [Coccygidium luteum (Brullé), Chelonus bifoveolatus (Szépligeti)] and Dipterans
(Drino sp.). Predators included Areneae and insects belonging to the following families:
Carabidae (Calleida sp.), Coccinellidae [Cheilomenes sulphurea (Olivier)], Forficulidae
[Diaperasticus erythrocephalus (Olivier), Forficula senegalensis (Serville)], Formicidae [Pheidole
megacephala (Fabricius) and others], Mantidae, Pentatomidae and Reduviidae (Rhynocoris sp.).
The most abundant predators were members of the Forficulidae (51%), Formicidae (15%) and
Coccinellidae (13%). We advocate for the development of conservation biological control since
this approach can be simple and cost-effective to control this pest.

Keywords : biological control, entomopathogenic fungus, entomopathogenic nematode
(Mermithidae), generalist predators, parasitoids

Introduction

Native from tropical America, Spodoptera frugiperda (Smith) (Lepidoptera: Noctuidae), commonly
known as fall armyworm invaded West Africa in early 2016 (1). It is a major insect pest of maize
and other cereals that has spread rapidly across the African continent (2,3) and then to Asia where
it was first reported in India (4,5). In the absence of control measures, the fall armyworm can cause
estimated maize yield losses of 8 - 20 million tons in 12 African countries per year (6). Following
serious infestations in West Africa, fall armyworm management has been based primarily on the
use of chemical insecticides, despite their questionable and unproven efficacy (7-9) or unregistered
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for use on this new threat (8). The adverse effects of some chemical insecticides on human health,
the environment, and living organisms (10) makes biological control a more desirable alternative
to control this pest in the long term (7).

The beneficial action of competitors, pathogens, parasitoids and predators in the control of pests
and their damage is termed biological control (11). Four types of biological control strategies
applied in pests control programs may be identified: natural (no human intervention), augmentative
(periodical release of mass-reared natural enemies), classical (importation of an exotic natural
enemy), and conservation biological control (2,11,12). Conservation biological control, i.e. the
conservation of existing natural enemies in an environment, can be simple and cost-effective,
through the manipulation of environment, cropping systems, and locally available techniques
to enhance their efficacy (7,11). It provides the possibility of minimizing pest outbreaks in an
ecologically and economically cost effective manner using locally available natural enemies (13).
However, its promotion should be based on a comprehensive knowledge of the diversity and
abundance of natural enemies existing locally.

The fall armyworm is attacked by various natural enemies including insect parasitoids species
(14,15), diverse taxa of predators (7,16,17) and entomopathogens such as fungi, bacteria, viruses
and nematodes (4,14,18). Natural enemy complex is reported as important mortality factors for
the fall armyworm (up to 42%) in its native continent (19). Natural enemies native to West Africa
are already controlling other species of Spodoptera present in the area, including Spodoptera
exempta (Walker), S. littoralis (Boisduval), S. litura (Fabricius), S. exigua (Hibner) (all Lepidoptera:
Noctuidae). They may widen their niche by adapting to S. frugiperda as a novel host or prey
(17,20).

Presently, little information is available on natural enemies of the fall armyworm in Africa (21) and Asia
(22). Although, some recent studies reported natural enemies of fall armyworm in Tanzania, Kenya
and Ethiopia (15), Senegal (18), Benin, Ivory Coast and Ghana (17,21,23), Niger (24), Mozambique
(25) and India (4,20,22). These studies indicated that the natural enemy complex associated
with fall armyworm varies between countries, even though some species (i.e., Coccygidium spp.,
Chelonus spp., Campoletis spp., Metopius spp., Trichogramma spp., Telenomus sp., Hexamermis
sp. and earwigs) have been widely reported in many parts of the world.

In Burkina Faso, such information is lacking from the scientific literature, although S. frugiperda
is extremely active in the country. Farmers have a detailed knowledge of most of the arthropod
present in their field. However, they usually cannot identify the beneficial role of many of them
(26). In this study, we documented the natural enemies of fall armyworm and evaluated their
contributions to pest mortality.

Materials and methods

Sampling sites and methods

This study investigated the natural enemies of fall armyworm larvae by collecting its larvae and
eggs, and by counting and identifying all species of predatory arthropods in maize fields in Burkina
Faso. A total of 47 maize fields were sampled from two producing provinces of the country: Houet
(11°20°N, 4°15’W) and Kadiogo (12°20°N, 1°30’W) (Fig. 1) from October 2019 to November 2020.
Provinces of Houet and Kadiogo were selected based on reported presence of fall armyworm
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combined with maize production in the Sudanian and Sahelo-Sudanese agro-ecological zones,
respectively. Maize, sorghum, and other cereals are typically grown in the province of Houet.
Agriculture in the province of Kadiogo is characterized by intensive horticulture: maize, tomato,
cabbage, and other vegetable crops are grown year-around.

In the different fields, the presence of fresh frass and feeding injury on whorls and leaves helped
locate sites with fall armyworm infestation. Only maize fields in which plants were in stages V5
(2 fully deployed leaves) to R (tasseling and silking) were sampled (2). Among the plants having
visible fall armyworm attack symptoms, 25 were randomly selected. Stalks, whorls, and both upper
and lower surfaces of plant leaves were inspected. All fall armyworm egg masses and larvae found
on the selected maize plants were collected. In addition, some entomopathogenic nematodes were
directly observed on maize leaves and were collected with a fine brush. Predators present on
the different parts of the plant were counted. The predation of fall armyworm was confirmed by
direct observation in the field. Each field was visited once during the study period and location
details such as latitude, altitude and longitude were taken using GPS. All samples were brought
to the laboratory at the Training and Research Center of the University Nazi Boni (UNB) in Bobo
Dioulasso (Burkina Faso) for rearing and identification.
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Figure 1: Sampling locations in Houet and Kadiogo provinces (Burkina Faso)

Rearing of fall armyworm and natural enemies

Fall armyworm egg masses were maintained separately in rearing containers until the emergence
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of larvae or egg parasitoids. All collected insects were kept individually in the laboratory on
maize leaves at 26+2°C, 71+14% relative humidity, and 12:12 photoperiod. Fall armyworm larvae
development was checked every daily and fresh leaves were replaced after 24 h until pupation.
They were observed until the emergence of fall armyworm imago, entomopathogenic nematodes or
parasitoids.

Emerged parasitoids were preserved in 90% ethanol and later identified morphologically.
Entomopathogenic nematodes were grouped per date of collection in 250 ml transparent plastic
boxes containing moistened sand. Arthropod predators were observed and counted in the field.
However, in doubtful cases, a sample of the predators were brought to the laboratory and exposed
to fall armyworm eggs and to first, second, third and fourth (L1, L2, L3 and L4) instar larvae as
prey, to check their predatory potential. All predators were then preserved in 90% ethanol until
identification.

Identification of natural enemies of the fall armyworm

Entomopathogenic nematodes were sent for morphological identification in the Laboratory of
Diagnosis and Integrated Management of Plant Bio-agressors at the University of Parakou (Benin).
The determination keys and description proposed by Baker & Capinera (27); Firake & Behere (22)
and Tendeng et al. (18) were used for their identification. For parasitoids, various determination
keys were used to identify Braconidae (28-30) and Tachinadae (31,32). For predators, the checklist
of the earwigs of Chad (Dermaptera) (33) and determination keys proposed by Brindle (34)
and Waller et al. (35) were used to identify Forficulidae. Online databases provided by Global
Biodiversity Information Facility (GBIF: https://www.gbif.org/) and annotated list of ladybirds of
Reunion Island (36) were used to identify Coccinellidae and Carabidae. The determination keys
proposed by Kwadjo et al. (37) was used to identify Reduviidae.

Entomopathogenic fungi isolation and Koch’s postulates

Cadavers of fall armyworm showing natural symptoms of entomopathogenic fungi were encountered
and brought to the laboratory. Each cadaver was placed in a Petri dish containing Potato Dextrose
Agar (PDA) medium and incubated at 25x2°C and 12: 12 h (UV: dark) photoperiod for 7-14 days.
After the incubation, the fungal conidia were harvested by scraping the conidial layers formed on
the surface of the plates using a sterilized scalpel. To confirm the causal agent of the death of the
fall armyworm, we evaluated the pathogenicity of isolated entomopathogenic fungi by confirming
the Koch’s postulates. The fungal conidia were dissolved in 0.05% Tween-20 solution and was
inoculated to fall armyworm larvae (L3 and L5) by two methods. A larva dipping in an inoculum
solution and a standard leaf dipping bioassay. A total of 40 larvae were observed per instar and
method.

Relative abundance and parasitism rates

The number of fall armyworm collected was corrected by subtracting the number that died from
injury or unknown causes during the first few days after collection before calculating percent
parasitism (38). Unknown death causes may include possible bacteria, viruses, or the effects of
chemical pesticides. Mortality due to parasitoids and nematodes was reported elsewhere. The
relative abundance (RA) of each species was determined by dividing the number of individuals of a
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given species i (Ni) by the total number of all individuals collected (Nt) and expressing this value
as a percentage (21). To assess RA, all predators were separated from the parasite group (i.e.,
parasitoids and nematodes). For the entomopathogenic fungi, numbers of field-infected larvae and
total fall armyworm larvae collected were recorded and converted to percentage infection.

|2

L x 100

RA :

Z

Gregarious parasitoids emerging from a single larva were considered as being only one. Parasitism
rate (PR) of each parasitoid species was calculated by dividing the number of larvae parasitized
(Lp) by the total number of fall armyworm larvae collected (TL) and by expressing this value as a
percentage (39).

PR = % x 100

Results

Despite its recent introduction into West Africa, we recorded a total of 20 species of natural enemies
associated with the fall armyworm, including parasitoids (5), predators (13), an entomopathogenic
nematode (1) and an entomopathogenic fungus (1) in Houet and Kadiogo provinces of Burkina Faso
(Table 1). A total of 23 fall armyworm egg masses were collected, but no egg parasitoids were
detected. Out of 684 fall armyworm larvae collected, 47 died without any emergence of parasites
or parasitoids. From the remaining 637 larvae, 67 contained entomopathogenic nematodes and
parasitoids. Entomopathogenic nematodes (Nematoda: Mermithidae) were by far the most abundant
species with RA estimated at 73.2%. All other larval parasitoids were found to be less abundant (RA
< 5%) (Table 2). The overall parasitism rate was 10.5% (Table 3). The predator complex is made of
Araneae, and several insect families including Carabidae, Coccinellidae, Forficulidae, Formicidae,
Mantidae, Pentatomidae and Reduviidae. This complex was dominated numerically by Forficulidae
(51%), followed by Formicidae (15%) and Coccinellidae (13%). All other predators were found to
be less abundant (RA < 5%). A total of thirteen species of predators were observed associated with
different stages of fall armyworm (Table 4). In addition, nine cadavers of fall armyworm infected

with fungi were found in seven maize fields.
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Table 1: Provinces with the collected natural enemies of fall armyworm in Bukina Faso

Province Natural enemies

Araneae, Calleida sp., Carabidae, Cheilomenes sulphurea, Chelonus
bifoveolatus, Coceygidium luteum, Diaperasticus erythrocephalus, Drino sp.,

Entomopathogenic nematode, Forficula senegalensis, Mantidae,

Houet Pentatomidae, Pheidole megacephala and other ants (Formicidae),
Rhynocoris sp., Unidentified gregarious endoparasitoid, Entomopthogenic
fungi on cadavers of fall armyworm
Ants (Formicidae), Araneae, Carabidae, C. sulphurea, D. erythrocephalus, F.
Kadiogo senegalensis, Mantidae, Pentatomidae, Rhynocoris sp., Unidentified fly

(Diptera), Entomopthogenic fungi on cadavers of fall armyworm

Entomopathogenic nematodes

Fifty-two larvae were parasitized by entomopathogenic nematodes (Nematoda: Mermithidae) (Fig.
2). All fall armyworm larvae died after nematode emergence. In the field, one entomopathogenic

nematode emerged from fall armyworm larva was directly found in maize leave (Fig. 2b).
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Table 2: Host stages attacked and relative abondance (RA) of parasitoid and parasite of
fall armyworm, recorded in maize fields located in Burkina Faso

Order, family and species of parasitoid or RA
N° Type
parasite (%)
Diptera
Tachinidae
1 Drino sp. Larval parasitoid 4.2
2 Unidentified sp. Larval parasitoid 2.8
Hymenoptera
Braconidae
3 Chelonus bifoveolatus (Szépligeti) Egg-larval parasitoid
4 Coccyegidium luteum (Brullé) Larval parasitoid 4.2
Nematoda
5 Mermithidae Larval and pupal parasite 73.2
6  Unidentified gregarious endoparasitoid Larval parasitoid 1.4

The parasitism rate was calculated to be 8.2% (Table 3). The mermithids are white, 140-258 mm
in length (Fig. 2d), and were living for more than 200 days in the laboratory. After reproduction
in moistened sand in laboratory, infective juveniles of less than 10 mm in length were obtained
(Fig. 2c).
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Figure 2: Mermithid nematode emerged from fall armyworm larvae

(a) nematode in soil, (b) nematode emerged from host on maize leaf, (c) infective juveniles of mermithid, (d) ruler
graduated in cm used to measure nematodes

Parasitoids

From all samples of fall armyworm larvae collected, five species of parasitoids belonging to
Hymenoptera (2), Diptera (2) and an unidentified gregarious larval endoparasitoid emerged (adults
had not emerged from the parasitoid pupae) (Fig. 3a-f). These are Coccygidium luteum (Brullé),
Chelonus bifoveolatus (Szépligeti) (both Braconidae), Drino sp. (Tachinidae), an unidentified diptera
fly. Except for C. bifoveolatus, an egg-larval parasitoid, the others are exclusive larval parasitoids
(Table 2).

10
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Figure 3: Parasitoids of fall armyworm in Burkina Faso

(a) larva of Chelonus bifoveolatus sucking the hemolymph from fall armyworm larva, (b) adult of C. bifoveolatus, (c)
Coccygidium luteum, (d) pupae of gregarious larval endoparasitoid, (e) Drino sp., (f) unidentified Diptera

The present field survey data showed that C. bifoveolatus (0.9%) and C. luteum (0.5%) were the
most abundant parasitoids in fall armyworm infested maize fields (Table 3).

Table 3: Parasitism rate (mortality rate) of fall armyworm attributed to various parasites,
parasitoids, and other factors in Burkina Faso

Species Parasitism rate (%)
Mermithid nematode 8.2
Chelonus bifoveolatus (Szépligeti) 0.9
Coccygidium luteum (Brullé) 0.5

Drino sp. 0.5
Unidentified sp. Diptera 0.3
Unidentified gregarious endoparasitoids 0.2

Total parasitism rate 10.5

Other mortalityt 7.4

Total mortality 17.9

T Possible bacterial or viral agents and unknown death causes

11
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Predators

In this study, a total of 736 arthropod predators belonging 13 species were recorded (Table 4).

Table 4: Host stages attacked and relative abondance (RA) of predators of fall armyworm,

recorded in maize fields located in Burkina Faso

Ne Order, family and species of predator Host stages attacked  RA (%)
1 Araneae Larvae 54
Coleoptera
Carabidae
2 Calleida sp. Larvae 1.5
3 Unidentified sp. 1 Larvae 0.8
4 Unidentified sp. 2 Larvae 0.4
Coccinellidae
5 Cheilomenes sulphurea (Olivier) Larvae 12.6
6 Unidentified coccinelid Larvae 1.1
Dermaptera
Forficulidae
7 Diaperasticus ervthrocephalus (Olivier) Eggs and larvae 26.8
8 Forficula senegalensis (Serville) Eggs and larvae 243
Hemiptera
9 Pentatomidae Larvae 2.3
Reduviidae
10 Rhynocoris sp. Larvae 49
Hymenoptera
Formicidae
11 Pheidole megacephala (Fabricius) Larvae 5.6
12 Unidentified spp. Larvae 10.2
Mantodea
13 Mantidae Larvae 4.1

Earwigs represented up to 51% of the total predator complex identified from the maize fields.
In many fields, earwigs are the most frequently encountered species, especially when free from
insecticidal spray. All species found were Forficulidae of the species Diaperasticus erythrocephalus
(Olivier) and Forficula senegalensis (Serville) (Fig. 4a-c). These two forficulidae are predators and

12
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were collected from late-stage maize fields, particularly in the whorl and ears of maize. We report
the predation of fall armyworm larvae by the ant Pheidole megacephala (Fabricius) (Hymenoptera:
Formicidae). Five additional ant species were observed on maize plants infested by fall armyworm.
They were observed in all surveyed maize fields. Ladybirds constituted 13.7% of all predators
recorded in maize fields.

Two species were found: Cheilomenes sulphurea (Olivier) and unidentified coccinelid (Coleoptera:
Coccinellidae). Coccinellids were found active in fall armyworm infested maize fields and C.
sulphurea was observed feeding on fall armyworm neonate larvae (Fig. 4f). The predators Calleida
sp., two unidentified species (all Coleoptera: Carabidae) (Fig. 4h, i), Rhynocoris sp. (Hemiptera:
Reduviidae) (Fig. 4m, n), and the order Areneae were found directly feeding on fall armyworm
larvae in maize fields. Predation on fall armyworm larvae by Mantidae and Pentatomidae was not
directly observed on maize plants. However, field collected specimens placed in boxes together
with fall armyworm larvae were observed to devour them immediately (Fig. 4j-1).

13
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Figure 4: Predators of fall armyworm in Burkina Faso

(a) earwigs (1 and 2 = Forficula senegalensis, 3 and 4 = Diaperasticus erythrocephalus), (b, c) fall armyworm eggs
and larvae attacked by earwig, (d, e) fall armyworm larvae attacked by ants, (f) fall armyworm larvae attacked by
Cheilomenes sulphurea, (g) spider on a maize plant, (h) carabidae predator, (i) Calleida sp. eating fall armyworm larvae,
(j) pentatomid predator eating a larva, (k, 1) mantidae predator, (m, n) Rhynocoris sp. eating fall armyworm larvae

Entomopathogenic fungus

A total of 9 fall armyworm larvae infected with entomopathogenic fungus were collected from
the fields (Fig. 5a), representing 1.4% of larval infection. After incubating these cadavers on PDA

14
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medium (Fig. 5b), one fungus species was observed. Pathogenicity using Koch's postulates of fungi
associated with fall armyworm collected in maize field revealed that the fungus was pathogenic
to larvae. Mortality of larvae was recorded between 4 - 7 days after pathogenicity test (Fig. 5d).
Identification and detailed description of the fungal strain is required.

Figure 5: Entomopathogenic fungus of fall armyworm in Burkina Faso

(a) fall armyworm larva killed by an entomopathogenic fungus on maize, (b) momified fall armyworm larvae on PDA
media, (c) conidia of entomopathogenic fungus, (d) fall armyworm larvae (3rd to 5th instar) killed by entomopathogenic
fungus in the laboratory

Discussion

This study confirms the association of 20 species of natural enemies with the fall armyworm in
Burkina Faso. Among them, 10 species were the first records of predation or parasitism on the
fall armyworm in Burkina Faso. These were C. bifoveolatus, C. luteum (Hymenoptera: Braconidae),
Drino sp. (Diptera: Tachinidae), D. erythrocephalus, F. senegalensis (Dermaptera: Forficulidae), P.
megacephala (Hymenoptera: Formicidae), C. sulphurea (Coleoptera: Coccinellidae), Calleida sp.
(Coleoptera: Carabidae), Rhynocoris sp. (Hemiptera: Reduviidae) and entomopathogenic nematode
(Nematoda: Mermithidae).

The entomopathogenic nematode parasitism rate in Burkina Faso was lower than previous results
in Senegal (13.7%) where adult nematodes are shorter, 100 to 120 mm (18). Based on images
shown by Tendeng et al. (18) and Firake & Behere (22), these were likely also the same
entomopathogenic nematode recently recovered from fall armyworm in Senegal and India, that
the authors identified as Hexamermis sp. and Hexamermis cf. albicans (Siebold), respectively (all
Nematoda: Mermithidae).

Parasitism rates of 30 and 9.8% of fall armyworms by Hexamermis were recorded in Nicaragua
(40) and Honduras (19) respectively. Mermithid species feed on the insect host’s haemolymph and
then emerge to complete development outside it. Infective juveniles of mermithids climb on plants

15
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in moist conditions, and infect hosts that feed on the plant (41). We also hypothesize that the soil
placed into infested whorls of maize by growers, or which accidentally enters the whorl during
manual weeding, may contain nematodes that infect the larvae. Additional studies are needed to
identify and understand the ecological relationship between entomopathogenic nematodes and the

fall armyworm with a view toward artificial rearing for field applications.

Fall armyworm larvae are susceptible to various parasitoids, corroborating earlier field reports in
West Africa: Senegal (18), Benin and Ghana (17,21). Many Chelonus species are generally solitary
egg-larvae koinobiont endoparasitoids that attack Lepidoptera including S. littoralis, S. exigua, S.
frugiperda and Heliothis virescens Fabricius (42). Chelonus spp. have recently been reported in
the fall armyworm in several countries, C. curvimaculatus Cameron in Kenya (15), Chelonus sp. in
Senegal (18) and C. bifoveolatus in Benin and Ghana (17,21).

The braconid C. luteum is widely distributed in Africa and was firstly reported in association
with the fall armyworm in Africa (Ethiopia, Kenya and Tanzania) (15,43). This internal solitary
koinobiont parasitoid was later reported in Benin and Ghana (17,21) and Mozambique (25). Several
tachinid species in association with the fall armyworm were recently found in similar surveys
conducted in several countries. Palexorista zonata (Curran) was recorded in East Africa (Ethiopia,
Kenya) (15,43) and Drino quadrizonula Thomson was recorded in West Africa (Benin, Ghana) (21).
However, according to the recent classification of the Tachinidae of the Afrotropical region (31), D.
quadrizonula is closely related to P. zonata. This species is prevalent in sub-Saharan Africa, and is
known to attack a species of moth larvae such as: S. exigua, S. exempta and other noctuidae (32).

On the other hand, some unidentified species of Tachinidae were reported in Ghana (17),
Mozambique (25) and India (22). These results suggest that these species are adapted to West
African countries and can be good biological control agents of fall armyworm in West Africa.
Considering the performance of parasitoids as biocontrol agents against fall armyworm in other
parts of the world (15,19,23), further studies are needed to evaluate their usefulness against fall
armyworm in West Africa.

Most earwigs are generalist predators usually considered major component of the biological
control complex agents for insect pests (2,44). Earwigs (i.e. Doru luteipes (Scudder) and Euborellia
anulipes (Lucas)) are used in biological control programs for maize and sorghum pests in Brazil
(44). In Africa, earwigs are commonly reported as predators of aphids and stem borers in cereals
(i.e. maize and rice) (2). In India, the earwig Forficula sp. was commonly found in maize whorls
attacking different stages of fall armyworm (4,20,22). The potential of these earwigs to predate on
fall armyworm eggs and larvae needs to be investigated. In a similar study in Ghana, P. megacephala
was the most abundant and dispersed predator of fall armyworm (17).

In Africa, Pheidole spp. are sufficiently common and widespread to suppress insects such as H.
armigera (45). Similar to the present study, other coccinellids have recently been reported as
predators of the fall armyworm in other countries: Harmonia octomaculata Fabricius and Coccinella
transversalis Fabricius in India (20). However, Mantidae and Pentatomidae are known as common

fall armyworm predators and have been reported in numerous previous studies (16,22).

Entomopathogenic fungus can be effective in controlling fall armyworm populations (2,22). Recently,
larvae infected with the entomofungal pathogen Metarhizium (=Nomuraea) rileyi (Clavicipitaceae)
were collected from some maize infested fields in India (4,20,22). Moreover, Beauveria bassiana
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(Balsamo) Vuillemin was also recorded infesting fall armyworm larvae (22). Although fall armyworm
cadavers showing natural symptoms of entomopathogenic fungi have been encountered in several
fields in Africa, there are no published results in the scientific literature on the different
entomopathogenic fungi associated with this new pest.

Temporal and spatial differences in fall armyworm parasitism and microbial infection may be
caused by climate variability, agronomic practices, crop type and stage of cultivation (46).
However, we hypothesize that this low parasitism rate of the fall armyworm is attributable to
recent introductions of the parasite in Burkina Faso. Consequently, we believe that fall armyworm
parasitism will increase provided that maize management includes options that conserve natural
enemies. A balanced relationship between fall armyworm and its indigenous natural enemies may
take considerable time to achieve, but the implementation of cultural practices that promote their
action should be advocated (25).

Conclusion

An interesting conclusion of this study is that most natural enemies are abundant in maize fields and
their potential should be exploited to control the fall armyworm. The indiscriminate use of chemical
insecticides against fall armyworm negatively affects the natural enemies and can undermine the
management strategies of smallholder farmers who rely heavily on natural enemies. The use of
selective insecticides, protection of natural enemies from the harmful effects of insecticides and the
development of more comprehensive integrated pest management strategies for the management
of fall armyworm in Burkina Faso are therefore crucial.
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