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Drawing on a synthesis of the recent empirical literature, we
show that since its first report in 2016, fall armyworm has
continued to spread rapidly posing severe threats to the food
security of smallholders in Sub-Saharan Africa. Fall armyworm
impacts have been more pronounced during 2020 due to
Coronavirus Disease-2019 (COVID-19) restrictions that
hampered labor availability and smallholder access to crop
protection inputs. The agricultural system's vulnerability to
COVID-19 underscores the need for a recovery effort that
focuses on building back better for smallholder communities to
overcome the impacts of the pandemic, and build resilience
against similar threats in the future. Institutional strengthening,
linkages to input and output markets, and microcredit support
will address immediate production challenges in the wake of
COVID-19. Enhancing the technical capacities of smallholders
and regional collaboration for multirisk monitoring and early
warning will inform coordinated actions for the sustainable
management of fall armyworm and other emerging risks.
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Introduction
Sustainable Development Goal 2 is hinged on achieving
the zero-hunger target globally by 2030, and agricultural

production is critical for achieving this target. However,
agricultural systems and crop productivity across the
continent are under threat due to climate change, the
intensification of natural disasters, and upsurges in
transboundary pests and diseases, in particular, invasive
species [1]. Invasive pests cause a significant reduction
in crop yield and quality, imposing a great effect on the
livelihoods of smallholders, besides economic, ecolo-
gical, and societal impacts. Pratt et al. [2] predicted that
just five invasive species cause up to US$1.1 billion in
economic losses to smallholders across six eastern
African countries each year. This equates to around 2%
of the total agricultural gross domestic product (GDP)
for the region. Eschen et al. [3**] estimated the annual
cost of invasive species to agriculture in Africa at US$
65.58 billion.

First reported in Africa in 2016 [4], the fall armyworm,
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noc-
tuidae) is arguably the most damaging invasive species
to afflict all corners of the continent affecting major
African crops, particularly maize, sorghum, millet, and
legumes [5]. It is estimated that crops worth over
USD 13 billion per annum are at risk of fall armyworm
damage throughout Sub-Saharan Africa (SSA), thereby
threatening the livelihoods of millions of smallholders
[6]. For maize alone, yield losses ranging from 11% to
58% have been reported in various African farming sys-
tems [7-11%*], translating into a revenue loss of up US
$9.4 billion annually [3]. This is especially challenging
for smallholder farmers, where yield declines result in
loss of income and hunger. Smallholders also often lack
the knowledge, tools, technologies, and management
practices, or financial resources to recognize and respond
to new pest species sustainably [12].

The consequences of fall armyworm invasions on food
and nutrition security in Africa have been made even
more pronounced during the 2020 global economic
shutdown as a result of the Coronavirus Disease-2019
(COVID-19) pandemic. The containment measures for
the disease created conditions for a major disruption to
food system supply chains, giving rise to a dramatic in-
crease in hunger. He and Krainer [13] report that while
7.4 million people were infected by COVID-19 in 2020,
up to 811 million people were undernourished, almost
10% of the world's population, most of whom are in
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2 Emerging pests and pathogens

Africa. Hunger-related fatalities reached four million in
2020, 10 times the number of COVID-19 fatalities. Un-
like COVID-19, pathogen-related crop loss dis-
proportionately affects food-insecure populations in
developing countries [14], thus, the need for sustainable
management solutions that are accessible to smallholders.

In this paper, we review the invasion and impact of fall
armyworm on the livelihoods of smallholders in SSA and
implications for community sustainability in the wake of
COVID-19, drawing on a synthesis of peer-reviewed
articles published between 2020 and 2022. We highlight
new lessons learned since the fall armyworm invasion in
Africa in 2016 and make recommendations for policy and
practice for sustainable management of this pest, as well
as preparedness to manage future threats.

Fall armyworm invasion and distribution

The fall armyworm is an agricultural pest native to the
Americas. Since its first report in Africa in 2016 [4], the
pest rapidly spread to more than 45 countries across the
continent [15,16], and Africa is predicted to experience
the greatest degree of fall armyworm threat in the future
[14,17]. The spatial and temporal dynamics of the fall
armyworm in Africa are influenced by several factors,
including its high reproductive capacity, high migration
ability, climate patterns, and cropping systems [18].
Given the variation in rainfall patterns, cropping sea-
sons, and planting dates within and between countries
and regions, there is a possibility of year-round breeding
and infestation in Africa compared with the Americas
where extended freezing temperatures affect fall army-
worm survival [19]. Models show that fall armyworm can
establish and persist in almost all countries in eastern
and central Africa and a large part of western Africa
under the current climate [19]. However, climatic bar-
riers, such as heat and dry stresses, may limit the spread
of the fall armyworm to North and South Africa. Future
projections suggest that the fall armyworm invasive
range will retract from both northern and southern re-
gions toward the equator.

Impact of fall armyworm in Sub-Saharan
Africa

Yield losses

While fall armyworm is reported to affect several crops,
yield loss estimates in SSA have been mainly on maize, a
key staple in the region. Recent socioeconomic surveys
have estimated maize yield losses ranging from 11% to
58%, with variations across agroecological zones and
cropping seasons [8,20**21]. A systematic and country-
wide study in Kenya using community surveys showed
that the percentage of loss experienced by affected
farmers decreased slightly, from 54% in 2017 to 42% in
2018 [8]. This is possibly due to varying climatic factors, a
buildup of natural enemies, or improved pest

management techniques [22,23]. In Ethiopia, a study
combining agroecology-based community surveys and
nationally representative data from an agricultural
household survey estimated an average annual loss of
36% in maize production, reducing 0.67 million tonnes of
maize (0.225 million tonnes per year) between 2017 and
2019 [24**]. Relatedly, a socioeconomic study in
Southern Ethiopia using plot-level and household char-
acteristics data showed an average maize yield loss of
10.8% [10]. In Benin, a national survey of maize farmers
showed that farmer-perceived yield losses amounted to
797.2 kg/ha of maize, representing 49% of the average
maize yield [25%]. Field scouting and farmer interviews in
Zimbabwe estimated grain yield decreased by 58% [7].

Economic loss

Maize accounts for over 30% of SSA people’s caloric in-
take. More than 300 million Africans depend on maize as
their main food crop. Therefore, yield losses have sig-
nificant negative impacts on the livelihoods of small-
holder farmers, their income, and food security. A social
economic survey in Zimbabwe showed significantly lower
maize income and total household income per capita for
fall armyworm-affected households than those not af-
fected, with a mean difference of $59.19 and $258.84 per
year, respectively [26%*]. Bannor et al. [27] showed similar
results of decreased farmers’ income from maize pro-
duction in Ghana, rendering them food-insecure. Another
study further shows significant economic loss due to fall
armyworm damage, and losses of up to $9.4 billion an-
nually were estimated in 33 countries in Africa [3].
Management costs (comprising mainly labor costs asso-
ciated with weeding and spraying) and crop yield losses
constituted the majority of the estimated cost. In
Ethiopia, the total economic loss due to fall armyworm
was estimated at $200 million or 0.08% of GDP [24].
These estimates resonate with earlier studies that esti-
mated economic damage of $2.48-6.19 million in 12
African countries [11], and national loss of $ 177 million
and $159 million in Ghana and Zambia, respectively [22]
due to fall armyworm. Fall armyworm also has had an
impact on trade. Presently, it is classified as an Al quar-
antine pest under the European and Mediterranean Plant
Protection Organization regulations [11], resulting in
global trade restrictions.

Environmental impacts

Smallholders in Africa rarely use pesticides in maize
production. With the invasion of fall armyworm, ex-
tensive use of synthetic pesticides has been reported
across the SSA region [20,28]. This situation is partly due
to the emergency response strategy to fall armyworm
invasion by most governments that included the pro-
curement and free distribution of pesticides in efforts to
curb the menace [11,20,22,28]. Although subsidized by
governments, rapid responses such as those that were
deployed for fall armyworm management can in most
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cases lead to the indiscriminate application of pesticides
with little regard for safety. Besides, the use of synthetic
pesticides as the sole control measure is unsustainable
due to their high cost, risk of increased pesticide re-
sistance, pest resurgence, and risk to human health,
natural ecosystems, and biodiversity [6,29]. For example,
the use of cheaper, less effective, and moderately ha-
zardous pesticides by smallholders has been reported
[9,12]. In Zambia, reports of the use of highly hazardous
WHO class-IT and -1b products were made, as well as
farmers using untrialled cocktails of pesticides.

Health and social impacts

SSA is experiencing an epidemic of pesticide abuse.
Smallholders often spray highly toxic chemicals without
protective clothing or attention to other safety measures,
such as appropriate dilution rates, field reentry periods,
preharvest intervals, and safe disposal of used containers.
A World Health Organization report estimated that in
2016, over 150 000 deaths and over seven million dis-
ability-adjusted life years from pesticide self-poisoning
could have been avoided by sound pesticide manage-
ment [30]. Tambo et al. [28%*] reported some evidence
that unsafe pesticide use is putting farmers’ health at
risk. Many formulae are known to impair development
in children. Government donations of chemicals without
appropriate safety equipment and training only serve to
promote pesticide abuse.

Fall armyworm management practices
Following its first detection on the continent, various
strategies have been employed to manage the fall ar-
myworm. Smallholders have used a mix of physical
and mechanical control measures such as handpicking
of larvae and egg masses, adding soil/sand/ash to plant
whorls, household soaps, drenching with tobacco ex-
tracts, destroying ratoon host crops and infested plant
parts, early planting, and deep ploughing to kill pupae
[31,32]. Use of agroecology-based practices such as
maize rotation with nonhost crops, intercropping,
‘push—pull’, sowing multiple maize varieties, and in-
field diversity to promote natural pest regulation have
also been reported in some farming systems [32-35].
The use of synthetic pesticides, however, remains the
most commonly used method for the management of
the fall armyworm across Africa’s farming systems
[17,28,31,36]. Reliance on synthetic pesticides is often
explained by the lack of suitable cost-effective alter-
native pest management options. Besides, small-
holders often lack knowledge of pest identification,
monitoring, and early detection and therefore resort to
synthetic pesticides as curative measures once the
pest occurs [12].

Many pesticides are known to be effective for fall ar-
myworm control, though many have not been registered

for use in several countries in SSA [37]. Besides, the
associated health and environmental risks of insecticide
use, continue to suggest the need for a safer and much
more environmentally friendly approach to fall army-
worm control. Biological control options using en-
tomopathogenic microbes such as nuclear polyhedrosis
virus, Bacillus thuringiensis, Metarhizium anisopliae, Beau-
veria bassiana, and Spinosad [17], and plant extracts with
insecticidal properties such as neem (Azadirachta indica)
and pyrethrum (Tanacetum cinerariifolium) [22,38], have
been recommended as alternatives. There are also re-
ports on locally prevalent indigenous natural enemies
(predators and parasitoids) in Africa, with up to 70% fall
armyworm parasitism [23,39.40].

Fall armyworm management practice varies across
countries, regions, and places, and factors affecting
smallholder decisions to manage the pest in-
cluded financial resources or asset base, farmer percep-
tions, and access to subsidized farm inputs and extension
information [28,41]. Constantine et al. [42] reported that
limited availability, high cost, and farmer perception
about the efficacy of biopesticides limit their use in
Kenya. Further efficacy research into low-cost and
smallholder-friendly solutions should be done building
on local knowledge and ecological principles to enhance
sustainable management of fall armyworm.

Impacts of the Coronavirus Disease-2019

pandemic on fall armyworm management

Since the declaration of COVID-19 as a global pandemic
in January 2020, there has been a massive disruption of
livelihoods due to the disease itself but also occasioned
by the stringent measures put in place to curb the spread
of the disease. Agricultural workers in low- and middle-
income countries that have labor-intensive farming sys-
tems suffered disruptions in their supply chains and
outputs were compromised due to labor shortages
[43,44]. There were also disruptions in the supply and
availability of critical production inputs such as fertili-
zers, plant protection products, and seeds. This con-
tributed to limited crop protection interventions by
farmers, including monitoring for the pest, weeding, and
timely pesticide sprays, which have direct effects on
both preventive and curative pest management actions.
According to Food and Agriculture Organisation, in
many fall armyworm-affected countries, pest manage-
ment activities reduced or even stopped due to COVID-
19 restrictions [45]. Also, capacity-building initiatives for
farmers and extension workers were reduced. As the fall
armyworm continues to ravage crops and invade new
areas, innovative ways of delivering the needed fall ar-
myworm management information and new technologies
are needed to recover from current COVID-19 impact
and preparedness for the future. Figure 1 shows the
characteristics of the COVID-19 disruption on fall
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Characteristics of the COVID-19 disruption on fall armyworm management and impacts on community sustainability.

armyworm management and impacts on community
sustainability.

Prospects for sustainable fall armyworm
management and community sustainability
Recent research indicates continued negative impacts of
fall armyworm and other threats on the food security of
smallholders in Africa. While farmers rely on pesticides
for the control of fall armyworm, this presents sustain-
ability challenges as most smallholders in Africa cannot
afford the repeated spraying required to achieve effec-
tive pest control, without government support. This si-
tuation has been worsened by COVID-19 restrictions as
many farmers could not access the pest control products
due to distractions in mobility, supply chains, and in-
come earning ability. Importantly, many potential low-
cost smallholder-friendly solutions building on biological
control, agroecology practice, and farmer local knowl-
edge have been tested and can be promoted as part of
the fall armyworm area-wide integrated pest manage-
ment (IPM) strategy. Area-wide IPM is defined as the
long-term planned campaign against an insect pest po-
pulation in a relatively large predefined area to reduce
the insect population to below economic injury levels
[46]. If properly coordinated, the approach can achieve
more sustainable and longer-lasting suppression of mo-
bile pests such as fall armyworm. Strategic communica-
tion — harnessing the strengths of digital tools — in pest
identification and management is key for esnsuring
continuous farmer and extension worker education and
sustainability.

COVID-19 revealed how agricultural systems are ex-
tremely vulnerable to crises underscoring the need for a

recovery effort that focuses on building back better for
smallholder communities to overcome the impacts of the
pandemic, and build resilience against similar threats in
the future. Institutional strengthening and smallholder
linkages to input and output markets, and microcredit
support will address immediate production challenges in
the wake of COVID-19. Enhancing the technical capa-
cities of smallholders to use IPM measures, and regional
collaboration for multirisk monitoring and early warning
will inform prevention, preparedness, and coordinated
actions for the sustainable management of emerging risks.
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