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Abstract

The fall armyworm (FAW), Spodoptera frugiperda, originated from tropical and subtropical
regions of the Americas. In 2016, Nigeria reported its first FAW outbreak, which later spread
across West Africa, predominantly affecting cereal crops, mainly maize—staple crop of great
importance in Nigeria. Since its emergence in Africa, FAW has posed a significant threat. In
Nigeria, approximately 395.05 hectares and $52.7 million were lost in some states due to FAW,
resulting in over a 50% reduction in maize production. While chemical pesticides are
promoted and used for FAW control, their application is limited due to toxicity concerns and
high costs. Due to their affordability, availability, and environmentally friendly characteristics,
research has shifted towards biopesticides, including microbial, microbial extracts, and plant-
based solutions. Integrating biopesticides with effective crop management practices can help
control pest populations and reduce the reliance on conventional pesticides. This review
explores the current status, challenges, and prospects of using biopesticides to control FAW
in Nigeria. It highlights the low utilization of biopesticides due to factors such as unskilled
labour, inconsistent field performance, inadequate infrastructure, and weak government
policies. Addressing these challenges could significantly enhance Nigeria's crop protection, to
ensure food security, and sustainable agriculture.
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Introduction pest was dated more than 200 years ago but was
first acknowledged as a terrible economic pest
about 93 years ago (Ajiboye et al., 2021). The
pest is polyphagous and can be found across
different families of crop plants such as Poaceae

Fall armyworm (FAW) Spodoptera frugiperda J.E.
Smith is a lepidopterous, highly destructive insect
pest from Noctuidae. The discovery of the insect
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(maize, rice, sorghum, sugarcane),
Curcurbitaceae (cucumber), Brassicaceae
(cabbage), Solanaceae (potato), including

peanuts and cotton. FAW is highly economically
significant, directly and indirectly affecting crops.
The larva of FAW predominantly causes damage
to the seedlings of crops, notably cereals like
maize, and destroys the leaves of the plant, thus
reducing its yield (Groote et al., 2020). Low farm
income, poor food quality, malnutrition, food
insecurity as well as poor economic well-being
could be attributed to the deleterious impacts of
FAW in crop production (FAO, 2020).

Sustainable food production in Nigeria is highly of
great necessity due to the high demand of the
ever-increasing population. Therefore, there is a
high need to proffer a solution to the invasion of
FAW, which has posed a significant risk to
achieving quality food production in many African
countries, including Nigeria. In Africa, fall
armyworm was reported in the South Western
part of Nigeria for the first time in the year 2016
(Goergen et al., 2016; Paudel et al., 2022) before
its spread to other parts of the globe (Day et a/.,
2017) (Table 1). It has rapidly spread to about
22 out of the 36 States in Nigeria (Odeyemi et al.,
2020). In many African countries, particularly
Nigeria, maize is one of the staple foods and is of
great economic importance, providing a source of
income for small- and large-scale farmers.
However, the problems of poor soil fertility,
drought, and biotic stress, such as pests and
diseases, have generated many concerns, which
have increased recently due to the emergence of
FAW (Sokame et al., 2021).

Cereals, which belong to the Poaceae family, play
a central role in the nutrition of humans and
animals. Fall armyworms attack maize at virtually
every developmental stage causing severe losses
(Goergen et al., 2016; Kalyebi et al., 2023). The
larva of FAW commonly causes damage to the
seedlings of maize and destroys the leaves of the
plant. During cases of high infestation, the
growing tip of the plant is destroyed and cob
formation of the maize can also be prevented.
The cobs can also be infected by microorganisms
such as mycotoxins-producing fungi leading to
total loss of such cobs (Goergen et al., 2016;
Abrahams et al., 2017). Mycotoxins have also
posed a serious threat to global trade and food
security, particularly when it comes to the export
of crops that are host plants for FAW from nations
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like Nigeria where FAW cases have been
confirmed. As a result, these crops undergo
scrutiny more closely by importing nations that
are pest-free (FAO, 2020).

An increasing number of African farmers are
losing their crops each year as a result of the
attack launched by FAW. According to
Rwomushana et al. (2018), Baudron et al. (2019),
and the FAO (2019), for instance, output losses
of maize resulting from FAW infestations have
been reported to vary from 50% to 100%.
Kumela et al. (2019) further revealed that FAW is
responsible for yield losses ranging from 32-47%
annually due to inadequate control -efforts.
Although reports of the use of chemical pesticides
and technologies to control FAW have been
made, these approaches have not been able to
provide a single strategy for successfully reducing
this threat (Burtet et al., 2017; FAO, 2018;
Oliveira et al., 2018).

To manage this pest, maize farmers have

traditionally relied on synthetic chemical
pesticides, particularly ~ organophosphates,
pyrethroids, and neonicotinoids. However,

concerns over their toxic effects, non-target
specificity, and the accumulation of residues in
the food chain have led to restrictions on their
use, highlighting their unsuitability for sustainable
pest control (Mweke et al., 2019; Pathak et al.,
2022). Using integrated pest management (IPM)
techniques, which rely less on pesticides and
hence have a greater influence on sustainable
maize production and consumption, has also
been the focus of some study (Day et al., 2017).
Fascinatingly, recent studies demonstrate that
ecologically friendly techniques, such as
entomopathogenic fungi-based biopesticides,
offer a viable alternative for controlling fall
armyworm (FAW) populations, a major threat to
maize productivity by achieving up to 95% larval
mortality and significantly reducing feeding
damage under laboratory conditions (Akutse et
al., 2020; Idrees et al.,, 2021). Insect pest
management in the field and retail settings has
drawn a lot of attention lately to biopesticides.
Because it is easily accessible, reasonably priced,
lowers production costs, and is environmentally
beneficial, this is thought to be an
environmentally friendly choice. Consequently, in
order to identify workable options that would
greatly improve crop protection, food security,
and sustainable agriculture in Nigeria, this review
highlights the status, prospects, and difficulties of
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employing biopesticides in the country to combat
FAW.

Pictures of (A)African armyworm; and (B) fall armyworm damage on maize crop adapted from Groote et

al., 2020

Table 1: Distribution of Fall Armyworm

Countries Year of First Report
Nigeria 2016
Benin 2016
Angola 2017
India 2018
Thailand 2018
Pakistan 2019
China 2019
Nepal 2019
Srilanka 2019
Australia 2020
Papua New Guinea 2020

Source: (FAO, 2020)

Strategies for Controlling Fall Armyworm
Infestation in Nigeria

Before the 2016 farming season in Nigeria, the
fall armyworm (FAW) was not considered a major
threat to maize compared to other pests such as
grasshoppers (Zonocerus variegatus) and stem
borers (Busseola fusca) (Ofor et al., 2009).
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Consequently, the widespread damage caused by
FAW was unexpected and took farmers and
agricultural stakeholders by surprise. Climate
change has played a significant role in altering
the pest status of FAW. As noted by Phiri (2017),
FAW outbreaks are closely linked to seasonal
wind and rainfall patterns, and shifts in these
weather conditions across Africa could either
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escalate or reduce the frequency of these
infestations. In response, farmers turned to
widespread use of available synthetic pesticides
for FAW control. Although these chemicals
initially seemed to suppress the pest, FAW
populations quickly resurged, returning to feed
aggressively on the crops and causing severe
damage.

Even though the application of chemical
insecticides initially reduces the number of plants
affected by this pest, resulting in higher grain
output (Ajiboye et al., 2021), farmers used a
higher dose of this insecticide than the
recommended rate and repeated spraying
method to manage the pest. When sprayed
wrongly, synthetic pesticides are ineffective and
hazardous to the environment (Oliveira et al.,
2018). In addition to the negative environmental
and human health consequences, pesticide
resistance may develop (Pathak et al., 2022; Tudi
et al., 2021; Ahmad and Arif, 2010). In certain
circumstances, management techniques are
unreliable and unsatisfactory because the larvae
tend to relocate to the whorl, where they are
shielded from pesticide treatments (Bessin,
2017). These concerns triggered a quest for long-
term, cost-effective, eco-friendly pest
management and control. These criteria are met
by biopesticides since they are highly host-
specific, generally effective, and have not been
shown to have any appreciable negative impacts
on non-target organisms or beneficial insects.
Consequently, microorganism-based
biopesticides have been suggested as a potential
substitute for traditional chemical pesticides in a
variety of agricultural operations since they are
beneficial to agriculture and offer less of a risk to
public health (Gupta & Dikshit, 2010)

Biopesticides

Biopesticides are pest control techniques that
utilize natural materials such as animals, plants,
microbes, and minerals/enzymes for long-term
crop protection. They also wuse bioactive
extracts obtained from plants and animals. Three
types of biopesticides are categorized as: plant-
incorporated, which are biopesticides generated
by plants; microbiological, which comprises
microorganisms such as bacteria, fungi, and
viruses; and biochemical, which are naturally
occurring compounds that suppress pests
through non-toxic means (USEPA, 2021). Mazid
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et al. (2011) assert that biopesticides are a
sustainable agricultural technique that have
minimal, mostly non-toxic impacts on harvested
food crops and the environment, hence
increasing demand for them on the global
market. Nevertheless, the potential of
biopesticides for managing and controlling pests
has not yet been completely realised. Commonly
utilised biopesticides include plant extracts, insect
sex pheromones, diseases, and natural enemies
of pests (parasites and predators).

Microbiological Pesticides

Pathogens, such as fungi, bacteria, and viruses,
are crucial in controlling FAW larvae that cause
colour changes. The FAW passes away following
a time of attachment. For instance, baculovirus is
known to kil FAW larvae, and certain
entomopathogenic fungi, such as Metarhizium
rileyi, have been shown to kill 95% of FAW larvae
in their third instar (Sartiami et al., 2020). This is
an important finding that may be used to start
the development of a bio-pesticide made of
entomopathogenic fungi and persuade farmers to
use it to reduce damage. Additionally connected
to FAW larvae dying are the granolusis and
nucleopolyhedrosis viruses (OECD 2021; FAO and
CABI, 2019).

Bacillus thuringiensis (Bf) is the most widely
employed group of bacteria for biocontrol since it
has proven to be an effective biopesticide.
Strategic reduction of FAW populations can be
achieved by producing biopesticide spray and
Bacillus thuringiensis maize. The spore-forming
bacterium (Bf), which occurs naturally in soils, is
known to harm a wide range of insect and pest
species. Several pesticidal strains have been
isolated from soil samples and are effectively
utilized by small-scale farmers as bacterial
insecticides (Bala, 2016). Research by Akeme et
al. (2021) has shown that various strains,
including Bacillus thuringiensis var. alesti, Bacillus
thuringiensis  var. darmstadiensis, Bacillus
thuringiensis var. thuringiensis, and Bacillus
thuringiensis var. kurstaki, are capable of killing
fall armyworm (FAW) larvae.

The use of pathogens, including bacteria, viruses,
and entomopathogenic fungi, shows promise in
the management of FAW. Though they may be
too slow to prevent financial loss and are also
impacted by weather conditions, they have not
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been demonstrated to be successful in the
absence of additional control measures.

Use of Predators and Parasitoids

While biopesticides derived from bacteria, fungi,
and viruses offer sustainable pest control, the
introduction of predators and parasitoids provides
a complementary biocontrol strategy for
managing fall armyworm (FAW, Spodoptera
frugiperda) populations. Key predators include
earwigs (Forficula auricularia), ground beetles
(Carabidae), predatory bugs (Reduviidae), lady
beetles (Coccinellidae), and Chelonus spp., while
parasitoids such as T7elenomus
remus, Campoletisflavicinta, Trichogramma spp.,
Winthemia trinitatis, and Tachinid flies
(Tachinidae) have shown efficacy in targeting
FAW life stages in both laboratory and field
settings (Akeme et al., 2021; Kenis et al., 2019;
Abang et al., 2021).

In maize ecosystems, predators like the
earwig Doru  luteipes (Scudder)  significantly
reduce FAW larval populations by preying on eggs
and larvae within the maize whorl a critical site
for both FAW infestation and predator activity.
Laboratory and field studies report that D.
luteipes nymphs consume 8-12 FAW larvae per
day, while adults consume 10-21 larvae daily
during the maize growth cycle (Akeme et al.,
2021). Similarly, parasitoids such
as Archytas, Campoletis, Cotesia, Euplectrus, Gly
ptapanteles, Microchelonus,and Trichogramma s
pecies minimize crop damage by parasitizing FAW
eggs and larvae, thereby reducing leaf defoliation
without harming maize plants directly. For
example, 7elenomus remus, an egg parasitoid,
has been documented to suppress FAW
infestations by up to 70% in African maize fields,
demonstrating its potential for large-scale
biocontrol (Kenis et al., 2019)

Plant derived pesticides

These insecticides, made from plants or plant
extracts, are highly effective in controlling the
FAW population. The liquid formed from plants,
known as plant-based or botanical pesticides, is
not only safe for the environment but also for

natural adversaries. Neem, Aglaia cordata
(Hiern), Annona mucosa (Jacquin), Vernonia
holosenicea, long pepper (Pepper

hispidinervum), Jatropha gossypifolia, Castor
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(Ricinus communis), Chromolae odorata, Cedrela
salvadorensis, Cedrela dugessi, Chinaberry (Melia
azedarach) are some of the plants used as
biopesticides. The secondary metabolites of these
plants, including isobutyl amides, piperine, and
natural lipophilic amides, which have deterrent,
neurotoxic, and antifeedant properties, are most
likely responsible for the botanical efficacy (Dyer
et al., 2001; 2004). To manage FAW and stem
borer, some Nigerian farmers utilized wood ash
made from burned wood, combined with either
mocap (£thoprophos) or counter ( 7erbufos). This
biopesticide has nutritive, fungicidal, and
insecticidal qualities and the capacity to liming
soil.
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Table 2: Control of FAW using natural enemies

S/No Natural enemy Organism type Life stage Host plant

1. Archytus incertus Parasitoid Larva Maize

2. Archytus marmoratus Parasitoid Larva/pupae Maize/sorghum
3. Chelonus curvimaculatus Parasitoid Eggs/larva Maize

4, Euplectrus platypenae Parasitoid Larva Maize

5. Lespesia archippivora Parasitoid Larva Maize

6. Microchelonus heliopae Parasitoid Eggs/larva Maize

7. Telonomus remus Parasitoid Eggs Maize/vegetable
8. Trichogramma achaeae Parasitoid Egggs Maize

9. Bacillus cereus Pathogen Larvae Maize

10. Bacillus thuringiensis Pathogen Larvae Maize

11. Bacillus thuringiensis alesti Pathogen Larvae Maize

12. Bacillus thuringiensis darmstadiensis Pathogen Larvae Maize

13. Bacillus thuringiensis thuringiensis Pathogen Larvae Maize

14. Beauveria bassiana Pathogen Eggs/larva Maize

15. Granulosis virus Pathogen Larvae Maize

16. Calleida decora Predator Larva Maize

17. Calosoma alternans Predator Larva Maize

18. Calosoma sayi Predator Larva Maize

19. Carabidae Predator Larva/Pupa Maize

Source: (CABI, 2019)
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According to Wahedi et al. (2017), potash is the
insecticidal component of wood ash that kills
FAW. In contrast to the common belief that
applying potash will enhance fruit production and
size. To control FAW, some farmers also fill the
maize whorl with rhizosphere-derived dirt. A few
farmers combined mocap with soil. According to
research by Wahedi et al. (2017), wood ash
worked better in Nigeria to control pests than
neem leaf extract. To be recommended to
organic farmers, these studies may need to
undergo additional testing under field condition
as the majority of them have only been
conducted in laboratories. The efficiency of plant-
based products with insecticidal qualities is
typically restricted, hence in order for them to be
used as a control strategy, they must be used in
conjunction with other strategies (Akinyemi,
2021). However, more investigation is required to
identify the active pesticidal ingredient that
provides protection.

The use of Pheromones as Biopesticides

Pheromones, chemical substances produced by
an organism to influence the behavior of others
within the same species, have shown significant
potential in pest management for various insects
(Witzgall et al., 2010; Sampson & Kirk, 2013;
Kabaluk et al., 2015; Akinyemi et al., 2021). In
the case of fall armyworm (FAW), females release
sex pheromones such as (Z)-9-tetradecyl acetate,
(2)-7-dodecyl acetate (Z7-12: Ac), and (2)-9-
dodecyl acetate (29-12: Ac) (Haenniger et al.,
2020). Furthermore, two highly effective
entomopathogenic fungi, Beauveria bassiana
ICIPE 261 and Metarhizium anisopliae 1CIPE 7,
are compatible with FAW pheromones, offering a
promising approach to pest control through auto-
dissemination (Akutse et al., 2020). Recognizing
this potential, the European Commission (EC)
approved the use of pheromones in traps or
dispensers, either as attractants or disruptors of
sexual behavior, for managing key pests
(European Commission, 2008). Field trials are
currently testing FAW sex pheromones' ability to
disrupt mating and reduce populations. However,
further field testing is needed to fully assess their
effectiveness as a control method or monitoring
tool (Bateman et al., 2018).

Current Status of Control of FAW Using
Biopesticides in Nigeria
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Despite the widely publicized benefits of
biopesticides for controlling fall armyworm (FAW)
in other countries, their use in Nigeria remains
limited. Research on the potential of various
plant-based pesticides in Nigeria has been
relatively scarce (Akhigbe et al., 2021;
Ekwenwosu et al., 2021). Several plants contain
bioactive compounds effective against fall
armyworm  (FAW, Spodoptera  frugiperda),
including wood ash, Christmas melon (Adenopus
breviflorus), neem (Azadirachta indica), and chili
peppers (Capsicum annuum). It has also been
observed that a combination of neem tree,
Mexican sunflower (T7ithonia diversifolia), siam
weed (Chromolaena odorata), and e€jirin
(Momordica charantia) is beneficial in controlling
FAW in Nigeria (Timothy, 2022). Neem extracts
have been proposed by Akhigbe et al. (2021) as
a means of controlling FAW infection.

Because they are derived from natural materials
like microbes, biopesticides are typically safe for
the environment. But compared to other African
nations like South Africa, comparatively few
biopesticides appropriate for the management of
FAW have been registered and commercialised in
Nigeria, despite their enormous potential and
documented success (Bateman et al., 2018). This
could be explained by the need for thorough
screening and field testing protocols, insufficient
risk assessment methods, and poor public
knowledge (Ashaolu et al., 2022).

Few studies have documented the use of natural
enemies to manage FAW in Nigeria. According to
Ogunfunmilayo et al. (2021) those species that
were identified as potentially useful in managing
FAW infestation were Telenomus remus
(Hymenoptera:  Platygastridae),  Euplectrus
laphygmae (Hymenoptera: Eulophidae),
Trombidium sp. (Acari.: Trombidiidae), Cotesia
sp., and Stictopisthus  sp. (Hym.:
Ichneumonidae).

Challenges in Control of FAW Using Biopesticides
in Nigeria

The development of biopesticides has many
obstacles in developing countries like Nigeria,
including low acceptance, confidence, and
awareness. A few other things that impair
marketability, product quality, and durability are
the absence of data-driven standards and field
performance monitoring. The effectiveness of
biopesticides in controlling FAW has been limited
compared to synthetic chemical pesticides due to
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the absence of a robust regulatory framework,
inadequate ecological risk assessments, and
health considerations. Due to their accessibility
and lower cost, the majority of the local farmers
resort to using mechanical methods to combat
the threat posed by FAW. However, these
difficulties also offer Nigeria a wealth of prospects
for the development of biopesticides.
Expectations for the effectiveness of microbial
biopesticides have been high because of some of
the early achievements and the market's ongoing
growth. But there are going to be a lot of
obstacles to massively adopt biopesticides in
future. Research patents have imposed
restrictions on the application of patented
technologies for humanitarian purposes, as well
as on the conduct of research and the
accessibility of data from publicly sponsored
studies (Boettiger & Bennett 2006; Gonzalez,
2006). Furthermore, national and international
intervention would be essential for the
implementation of local production schemes in
emerging nations like Nigeria.

As described by Ashaolu et al. (2022), extended
field testing, a deficiency of bridging risk
assessments, and technical checklists were also
found to be major obstacles to the study and
advancement of biopesticides in Nigeria.
Numerous botanical pesticides have been
developed but they are not available for adoption
due to various challenges. These challenges
include the difficulty of producing plant materials
on a large scale, the standardization of chemically
complex extracts, stringent regulatory approval
processes, the slow action of some botanical
pesticides, the lack of residual effects, and the
availability of more affordable competing
products (Khater, 2012; Ndolo et al., 2019)

The use of synthetic insecticide was prioritised
over biopesticides by the government when FAW
first emerged (Togola et al, 2018;
Ogunfunmilayo et al.,, 2021). Furthermore,
Nigeria has no set policies for the production, use,
or regulation of biopesticides. Moreover, this has
impeded investments in biopesticide accessibility,
marketability, and awareness in Nigeria.
Furthermore, farmers in Nigeria have been
discouraged from using biopesticides to control
FAW and other pests due to the government's
lack of promotion and support for these products.
As a result, advances in pest management
techniques and technologies have been
appallingly little.
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Even though there has not been much research
done to pinpoint the natural adversaries that FAW
in Nigeria faces, accurately identifying the target
species can be difficult. For example, in their
study on the occurrence of natural enemies of
FAW in Nigeria, Ogunfunmilayo et al. (2021)
reported the detection of species of predators
that have not yet been described in distinct
niches of maize plants.

Future Prospects in Control of FAW Using
Biopesticides in Nigeria

Several field investigations, laboratory
experiments, and follow-up testing are still being
conducted on various biopesticides, particularly
botanical pesticides. If the study in this area is
successful, it is anticipated that a plethora of
plant-derived pesticide or botanical will be
developed to control FAW in Nigeria (Ekefan and
Eche 2013; Amadi et al., 2024). This could lead
to a significant reduction in FAW infestations and
a more sustainable approach to pest
management in Nigeria.

The majority of the research on the use of
biopesticides to control FAW was laboratory-
based. To effectively manage FAW and keep its
population below economically damaging levels,
it is crucial to conduct field trials to confirm the
laboratory results and to consider the mass
production and release of these biological control
agents. The urgency and necessity of this
approach are underscored by the potential to
reduce the usage of synthetic pesticides, which
are hazardous to the environment and human
health.

While it is established that biopesticides alone
cannot fully replace chemical pesticides, it is
essential to focus on integrating biopesticides into
pest control strategies. Nigerian farmers need to
understand the importance of biopesticides as a
long-term FAW control strategy that can mitigate
the negative impacts of synthetic chemical
pesticides (Ndolo et al., 2019). Moreover, it is
crucial that indigenous Nigerian farmers have
access to biopesticides at an affordable price,
underscoring the importance of this issue.

CONCLUSION

Fall armyworm infestations are a widespread
issue that Nigerian farmers, particularly those
who grow maize, have to deal with nationwide.



Adeboye et al./ Nig. J. Biotech. Vol. 42(1): 49-60 (June 2025)

Complete management of FAW has proven to be
extremely difficult because of its quick spreading
capacity, and the FAO has warned that it may
cause a 100% production decrease in maize.
Most farmers use an integrated pest
management strategy that includes physical,
chemical, botanical, and biological methods.
However, it employs a variety of parasitoids,
diseases, and predators to eradicate the pest,
because the biological method of pest control is
environmental friendly. Biopesticides are in high
demand for controlling FAW because chemical
methods are often not selected because they are
not cost effective and toxic. On the other hand,
Nigeria is among the nations in Africa with the
least amount of information regarding
biopesticides that have been approved for
controlling FAW. Finding novel active components
that may eradicate the pest is the reason for the
demand to boost research on biopesticides as a
means of controlling it.
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