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ABSTRACT 
The invasion of the fall armyworm was first reported in Africa in the year 2016. It has since then spread to 

over 40 countries across Africa, Asia and Australia. Being a polyphagous insect, the potential devastation 

effects of fall armyworm areenormous, especially amongsmall holder farmers. Currently, most farmers rely 

on the use of synthetic pesticides for the control of this pest. Organic agriculture however usually has very 

limited synthetic products approved for the control of pests. Organic production system therefore often 

depends on ecological processes, biodiversity and cycles adapted to local conditions for the management of 

pest. This paper reviews the availablemanagement methods applicable to the control of fall armywormthat 

canbe adopted in an organic agriculture setting. Agroecological methods such as the push-pull technology, 

crop rotation and other methods including the use of resistant varieties, pheromone traps and biocontrol 

agents form an important control building block. Integrating these methods in a manner that is acceptable 

for organic certification will need further research, but it is certainly the way to go in combating the menace 

of the fall armyworm in organic agricultureand were reviewed in this paper. 
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INTRODUCTION 
The fall armyworm, Spodoptera frugiperda (J.E. 

Smit) (Lepidoptera: Noctuidae) was first reported in 

Southwestern Nigeria in 2016 (Goergen et al., 2016) 

and has now spread to over 40 nations in Africa, 

Asia (Rwomushana et al., 2018) and Australia in 

2020 (Anonymous, 2020). It is native to the 

American continent (Early et al., 2018), where it has 

been reported to cause significant damage to multiple 

crops (Knipling, 1980; Montezano et al., 2018). 

The larval stages of the insect have about 300 

plants hosts (Montezano et al., 2018). The ability 

of the adult stage to fly long distance of about 400 

km per night, in part, accounts for their successful 

spread (Feldmann et al., 2019). This also probably 

serves as escape mechanism from density dependent 

biological regulators that naturally helps to moderate 

their population (Knipling, 1980). The adult stage 

can lay 200-300 eggs in masses, and the total eggs 

produced by a female throughout her lifetime can 

be up to 2000 eggs which hatch into larvae after a 

few days (Capinera, 2002). There are up to 6 instar 

larval stages, and after the 6th instar larva, they 

change to pupae and then to adults (Capinera, 2002). 

The developmental period of the fall armyworm 

fed on fodder maize include: egg incubation period 

of 2.2 days, the larval stages lasted for about 14 

days while the pupal stage lasted for 8.6 days and 

the total lifecycle from egg to adult is about 25 

days (Maruthadurai and Ramesh, 2020). 

The damage by the fall armyworm starts from 

the seedling stage especially on maize plant which 

is the most preferred. At this stage, the larva feed 

and browse on young leaves and as the plant grows, 

the larvae also eat into the growing parts of the 

plant with obvious and enormous frass deposited 

on these parts of the plants. The late instar larvae 

are usually found eating into the plant stem through 

the top flag leaves and growing point of the plant. 

The damage associated with fall armyworm is 

potentially enormous especially among the millions 

of small-scale farmers in Africa (FAO, 2017; 2018). 

Up to 8.3-20.6 million tonnes of maize yield losses 

is possible in Africa if no plant protection methods 

are employed (Day et al., 2017). Estimated damage 

in Ethiopia and Kenya are 32 and 47.3% (Kumela 

et al., 2019) and maize yield losses due to fall 

armyworm were estimated at 11.57% in Zimbabwe 

(Baudron et al., 2019). In some states in 

Southwestern Nigeria damage severity could be as 

high as 50% (Odeyemi et al., 2020). 

According to the International Federation of 

Organic Agriculture Movement (IFOAM), organic 

agriculture is defined as a production system that 

sustains the health of the soils, ecosystems, and 

people. It relies on ecological processes, 

biodiversity and cycles adapted to local conditions, 

rather than the use of inputs with adverse effects. 

Organic agriculture therefore combines tradition, 

innovation, and science to benefit the shared 
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environment and promote fair relationships and 

good quality of life for all involved. It is difficult to 

get reliable data on organic agriculture in Africa, 

but the certified land area account for 1-3% of total 

world organic certified land (UNCTAD–UNEP, 

2008). Paradoxically, in terms of number of farms 

accredited, Africa accounts for about 20% of all 

certified farms (Willer and Yussefi, 2007). This 

reinforces the evidence of abundant smallholder 

organic farms in Africa (UNCTAD–UNEP, 2008). 

As expected, organic farmers face the same plant 

protection and pest problems the conventional 

farmers face (Letourneau and van Bruggen, 2006). 

To manage pest problems, organic agriculture 

relies on preventive methods and the stimulation of 

biological processes that helps with nutrition, pest 

management and soil health (IFOAM, 2020). 

However, for invasive devastating pest such as the 

fall armyworm, though most conventional farmers 

rely on the use of synthetic insecticides for its 

control, in an organic agricultural setting, use of 

insecticides is largely discouraged because of its 

negative health and environmental impacts. 

A detailed study carried out by Tambo et al. 

(2020) showed that about 50% of farmers sampled 

depended on synthetic pesticides for the manage-

ment of the fall armyworm. Among other reasons, 

the use of synthetic pesticide in fall armyworm 

management is not sustainable or acceptable in 

organic agriculture because of problems such as 

development of resistance, killing of beneficial 

insects including the natural enemies of pest and 

negative human and animal’s health implications of 

the use of pesticides. Since there are no reports that 

the invasive fall armyworm that have ravaged over 

40 countries in Africa has spared organic farms, the 

invasion of fall armyworm into farms across Africa 

will likely be a serious challenge to organic farmers 

considering the rate at which it spread across 

Africa. More so, most small-scale farmers in Africa 

may have limited access to practical research output 

on effective management methods for the fall 

armyworm. Awareness of the available methodology 

in the management of the fall armyworm will 

therefore be needed to bridge this gap. 

The control of fall armyworm in organic 

agriculture requires an integrated pest management 

(IPM) approach in which multiple ecological 

beneficial methods are incorporated into other 

acceptable methods of control. This integration also 

encourages increase in population of the natural 

enemies. According to Bottrell (1979), IPM is 

“the selection, integration and implementation of 

pest control based on predicted economic, ecolo-

gical and sociological consequences”. Therefore, 

some of the principles of IPM can be applied to 

crop protection in organic agriculture though this 

must only be with regulated use of pesticide when 

necessary but must be based on acceptable organic 

certification standards (Hillocks, 2002).  

FALL ARMYWORM CONTROL METHODS 

Agroecological Control Methods 

Agroecology is an integral part of organic agricul-

ture. The use of ecological protective methods in 

the management of pest population is therefore 

most preferred. Some of these methods are often, 

by default, traditionally used by most small-scale 

farmers (Adebayo and Oladele, 2014). They are 

considered beneficial to the environment and it 

helps to conserve the natural enemies of pests. 

Agroecological methods in this context include 

good farm sanitation, minimum tillage practices, 

crop rotation, manipulation of planting and 

harvesting date and intercropping (Letourneau and 

van Bruggen, 2006). These methods are effective in 

the reduction of the population of the fall 

armyworm. Apart from its direct benefits in 

reducing pest population and increasing soil 

fertility and yield, agroecological methods such as 

minimum tillage, mulching and intercropping are 

low-cost options for small holder farmers and are 

also compatible with other biological control 

methods (Harrison et al., 2019). Research such as 

the use of push-pull technology has been shown to 

be effective in the control of fall armyworm 

(Midega et al., 2018) based on intercropping and 

trap cropping agroecological principle. Intercropping 

maize with other compatible crops will likely 

increase farmer’s income than sole maize in Nigeria 

(Ibrahim et al., 2019). Weeding and zero tillage 

also reduce fall armyworm damage (Baudron et al., 

2019). Research on the impact of crop rotation on 

fall armyworm control is scarce but evidence from 

other pests suggests they may be important in fall 

armyworm management (Esser et al., 2015). 

 

Host Plant Resistance 

Host plant resistance is an important component of 
IPM. It is the intentional use of varieties of crops 
that are resistant to pest’s attack alone or in combi-
nation with other control managements to reduce the 
impact of pests on crop yield or quality (Stout, 2014). 
Screening of available maize germ-plasm, for 
instance, helps in identifying potential resistance 
maize varieties. At the moment, there is no known 
research on varietal screening of crops against the 
fall armyworm in Nigeria, the second largest 
producer of maize in Africa (FAOSTAT, 2021). 
Generally, limited attention has been given to the 
integration of the conventional derived resistance 
with other options of pest management (Prasanna 
et al., 2018). Farmers around the world, especially 
USA and parts of Asia, have relied on the use of 
varieties of Bacillus thuringiensis (BT) maize 
(genetically modified maize) in the management of 
lepidopteran pests. Development of resistance to 
BT crops by insect (including the fall armyworm) 
has threatened the sustainability of this technology 
(Huang et al., 2014). Moreover, in organic farming, 
the use of genetically modified organisms such as 
the BT maize is not acceptable. Therefore, control 
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using resistance varieties must rely on the use of 
conventional breeding methods to be applicable in 
organic agriculture against the fall armyworm. 

Some results have shown variability in the extent 
of damage by fall armyworm on maize varieties in 
Mexico, the US and more recently in Kenya 
(Wiseman and Davis, 1979; Chiriboga et al., 2021). 
Countries like Nigeria have previously developed 
varieties of maize that are resistant to pests and 
diseases before the invasive fall armyworm became 
a problem (Iken and Amusa, 2004). These varieties 
can be screened for their resistance against the fall 
armyworm. Though organic farmers tend to prefer 
the use of open pollinated varieties to hybrid 
varieties because of likelihood of more genetic 
variability (van Bruggen et al., 2016), for pest of 
economic importance such as the fall armyworm 
using of hybrid resistance varieties is vital.  
 

Push-Pull Technology 
Push-pull strategy in pest management “involves 
the behavioral manipulation of insect pests and their 
natural enemies via the integration of stimuli that 
act to make the protected resource unattractive or 
unsuitable to the pests (push) while luring them 
toward an attractive source (pull) from where the 
pests are subsequently removed” (Cook et al., 2007). 
Basically, push-pull pest management method in 
crops involves intercropping desired crop which 
may be maize in this context with plant such as 
desmodium, known to repel insect pest (push), and 
then surrounding the whole plot with plants or 
weeds (not the primary desired crop), that are 
attractive to the pest, which then attract the pest 
away from the desired crop (pull). This strategy 
has been successfully used in the management of 
stem borers and striga weed infesting maize crop 
and has also been shown to increase soil fertility 
(Khan et al., 2008; Kumela et al., 2019). 

A climate adapted push-pull technology tested 
in Kenya involving intercrop of maize with drought 
tolerant green desmodium (Desmodium intortum 
Mill. Urb.), alongside planting of Brachiaria cv 
Mulato II (Poaceae) around the maize farm. Desmo- 
dium intortum provides semiochemicals that repels 
armyworm and Brachiaria cv Mulato II attracts the 
fall armyworm pest away from maize and this 
technology has been shown to reduce fall armyworm 
infestation by 82.7% while also reducing damage 
by 86.7% and increasing maize yield up to 2.7 
times when compared to monocrop maize (Midega 
et al., 2018). Similar push-pull climate smart 
technology has also been shown to reduce fall 
armyworm, stem borer and striga infestation in 
Uganda (Hailu et al., 2018). Push-pull technology 
is generally non-toxic (Cook et al., 2007) and 
because of its ecological and overall health benefits, 
it is perfectly appropriate for use in an organic 
agriculture production system. Awareness on push-
pull technology has mostly been limited to the East 
African countries and may need to be introduced to 
the South and Western African countries.  

Biological Control Methods 

Some of the biological methods used to control fall 

armyworm are discussed below. 
 
Entomopathogenic organisms and parasitoids 

The use of biological control methods in organic 

agriculture can be achieved either through 

conservation of natural enemies or through 

inundative methods such as introduction of 

pathogens, parasitoids, and entomopathogenic 

fungi, once it does not include synthetic carriers 

(Letourneau and van Bruggen, 2006). As 

previously mentioned, organic protection methods 

are primarily based on conservation of available 

natural enemies within the ecological system but 

inundative biological control methods are 

occasionally practiced (Letourneau and van 

Bruggen, 2006). According to van Bruggen et al. 

(2016), many potential biocontrol formulations 

have not been approved for disease control in 

organic agriculture due to the presence of petro-

based synergists or carriers. A few approved ones 

can be used in situations when plants cannot be 

protected against pest and disease despite following 

the acceptable organic production practices. 

European commission has therefore approved the 

use of microorganism such as viruses, bacteria and 

fungi in the management of pest as listed in the 

Annex II of commission regulation (EC, 2008). 

Though more work needs to be done on the use 

of microorganism in pest management in small 

holder farms across Africa, available laboratory 

results from Kenya identified several 

entomopathogenic organisms that were effective 

against the fall armyworm. Example, when 20 

entomopathogenic fungi were screened for their 

ovicidal effects against the fall armyworm, 

Metarhizium anisopliae ICIPE 78, 40 and 20 were 

found to cause egg mortality of 87%, 83% and 

79%, respectively; while ICIPE 41 and ICIPE 7 

caused over 95% mortality of the neonate larvae 

(Akutse et al., 2019). Also, when 22 fungal isolates 

were screened for their pathogenicity against adult 

moth, all the fungi screened were pathogenic to the 

moth with Beuveri abassiana ICIPE 261 and M. 

anisopliae ICIPE 7 causing 100% mortality to the 

moth (fall armyworm) (Akutse et al., 2020). 

Predators and parasitoids of the fall armyworm 

must also be conserved to control fall armyworm 

multiplication in an organic system. Parasitoid 

complex of fall armyworm in some parts of Africa 

including Ghana and Benin Republic, Ethiopia, 

Kenya and Tanzania show that locally identified 

egg and larvae parasitoids of fall armyworm are 

available, most of which belong to the order 

Hymenoptera (Sisay et al., 2018; Agboyi et al., 

2020; Caniço et al., 2020). Identification of 

available parasitoids is fundamental before they can 

be applied to the field inundatively or encourage 

agroecological practices that will favour the 

development of the natural enemies. 
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Use of pheromones and traps 

Pheromones are chemical substances that are 

produced by an organism and influence the 

behaviour of another organism in the same species. 

The common pheromones that have been used in 

pest management are the sex pheromone, produced 

by a sex of a species and it attracts the opposite sex 

and the aggregation pheromone which attracts both 

sexes of the same species. Pheromones can be used 

in insect mating disruption and can be applied as a 

lure in form of “attract and kill” strategy. A sticky 

trap for instance when baited with pheromone in a 

dispenser attracts targeted pest to the bait, it gets 

stuck to the sticky trap and dies. Baited trap can 

also be used as a lure in an auto dissemination 

device where the pheromone attracts the insects to 

a device loaded with entomopathogenic fungi or 

bacteria. The insects get attracted and infected in 

the process; the infected insects in turn then infect 

other insects during feeding or mating activities. 

Pheromone has shown great potential in pest 

management in several insects (Furlong et al., 

1995; Gut and Brunner, 1998; Witzgall et al., 2010; 

Sampson and Kirk, 2013; Kabaluk et al., 2015). 

In fall armyworm, the females produce sex 

pheromones including (Z)-9-tetradecenyl acetate, 

(Z)-7-dodecenyl acetate (Z7–12:Ac), and (Z)-9-dode- 

cenyl acetate (Z9–12:Ac) (Tumlinson et al.,1986; 

Batista-Pereira et al., 2006; Haenniger et al., 2020). 

Two potent entomopathogenic fungi, B. bassiana 

ICIPE 261 and M. anisopliae ICIPE 7, have also 

been found to be compatible with the fall army-

worm pheromone (FALLTRACT lure®). They can 

be explored in controlling pest population using an 

auto dissemination approach (Akutse et al., 2020). 

The European commission approved the use of 

pheromone as lure in traps or dispensers, as an 

attractant or sexual behaviour disrupter in the 

management of major pest in an organic agricul-

tural setting, listed in the Annex II of commission 

regulation EC 889/2008 (EC, 2008). Therefore, 

more research into the field application of these 

pheromones in the control of fall armyworm will be 

especially useful in organic agriculture. 

 

Use of organic or botanical pesticides 

Unlike synthetic pesticides, plant-based essential 

oils and plant products are considered less toxic to 

health and the environment. In cases of major 

outbreaks of pests that cannot be controlled by 

other agroecological and environmentally friendly 

management principles on which organic 

certification is based, organic product such as 

azadiractin from neem tree, and other plant oils can 

be used in managing this pest (EC, 2008). Several 

plant-based products such as neem and neem oil 

(Maredia et al.,1992; Roel et al., 2010), essential 

oil from leaves of Ageratum conyzoides L. (Lima et 

al., 2010), essential oil of aerial parts of Salvia 

ballotiflora L. (Cárdenas-Ortega et al., 2015) and 

several other pesticidal plants (Phambala et al., 

2020) have shown potential in suppressing fall 

armyworm population. However, most of these 

researches has been limited to the laboratory and 

may have to be further tested in a field condition to 

make them recommendable to organic farmers. 

Usually, the limitation to the use of plant-based 

products with insecticidal properties is that their 

effectiveness is limited; therefore, this control 

method will have to be combined with other 

methods for them to be effective. 

 

CONCLUSION 
Considering the level of damage caused by the fall 

armyworm especially on small scale maize farms 

across Africa, research targeted at field application 

of available crop protection strategies is imminent. 

Limited plant protection products are available for 

organic farmers, therefore the control of the fall 

armyworm in organic agriculture will require an 

integrated management strategy that does not 

violate organic agriculture certification conditions. 

There are common principles of IPM that can 

be used in organic agriculture because organic 

agriculture just like IPM is based on integration of 

environmentally safe management methods. 

Therefore, some of the principles of IPM reviewed 

are acceptable when applied to protect organic crops. 

The agroecological regular practices in organic 

agriculture such as crop rotation, intercropping 

should by default reduce fall armyworm infestation, 

but this will need further research on ways of 

optimizing them for this purpose. Push-pull techno-

logy is a good example. This is great news especially 

because push-pull strategy also encourages the 

presence of the natural enemies and improves soil 

fertility. This principle has not been tested in all 

parts of Africa, but such technology, if coupled 

with the use of varieties that are at least resistant in 

some degrees and also occasional spray of acceptable 

biopesticides, could go a long way in helping small 

scale organic farmers mitigate the problem of fall 

armyworm. Other methods such as use of pheromone 

baited traps in form of “attract and kill” and use of 
“lure and infect” in an auto dissemination device 

can all be incorporated into the management 

system as required. Of course, such integrated 

approach may require further research to confirm 

synergism, but available evidence suggests that 

such integrated approach, if professionally 

researched, will be a sustainable way of managing 

the invasive fall armyworm in Nigeria. 
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