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Spodoptera frugiperda, commonly known as Fall Armyworm (FAW), is amongst the most
terrifying pests of maize in Latin America, which unexpectedly appeared in Nepal in 2019 and
spread expeditiously. Estimates of maize crop losses due to this pest are vital in order to
compare the effect of these losses with the convenient of controlling FAW and suggest
pertinent controlling technology and methods. Nepal is predominantly an agrarian nation
thus, maize is grown substantially. However, climatic conditions of Nepal favor the outbreaks

Keywords . .
of pests such as FAW in many maize grown areas. On the grounds that most of the people of

Early warning system hill and mountainous regions depend on maize for their staple food, pests have appeared to be

Fall Armyworm a great threat to cereal production. It causes considerable injuries to maize by feeding
Integrated Pest Management
Maize

Nepal

on leaf whorls, ears and tassel which often leads to total yield loss. Yet, agriculture is an
economic activity, even among subsistence farmers in Nepal. Seeing high potential losses
caused by FAW, different control methods have been proposed. This pest demands meticulous
and stepwise plan for its management. This review emphasized on adoption of IPM methods of
pests’ control, which is the integration of biological, cultural, physical, chemical, and technolog-
ical approaches. Meanwhile, early warning systems, though poorly developed in Nepal, can be
highlighted for further studies and for further research work.
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INTRODUCTION

Fall armyworm, Spodoptera frugiperda (Lepidoptera; Noctuidae),
a gluttonous agricultural pest has altered and declined the
maize yield and other crops production of Gramineae family,
mostly in tropical regions (Andrews, 1980). It is polyphagous in
nature (Hoy, 2013) with host preference recorded more than
353 plants of 76 different families, majorly Poaceae (106),
Asteraceae (31) and Fabaceae (31) (Montezano et al., 2018).
Due to its migratory performances, it has been categorized as
the sporadic pest (Hardke et al., 2015). The name is derived from
the movement larva forming the military column and form en
masse, feeding crops and leaving no vegetation (Casmuz et al.,
2012).
(Luginbill, 1928), it typically favors tropical region with annual

Regardless of being cosmopolitan in distribution

temperature ranging from 18 to 26°C and 500 to 700 mm
annual precipitation (Early et al, 2018). On account of its
incapability to survive in freezing temperature, this pest
migrates to warmer regions for overwintering (Sparks, 1979). It
causes substantial loss to economically important crops like
maize, sorghum, cotton, millet, rice, etc. by damaging young leaf
whorls, ears and tassels (De Almeida Sarmento et al., 2002).
Basically, there are two strains of fall armyworm, namely
R-strain which attacks rice, bermuda grass and other members
of graminae family and C-strain which usually attack sorghum
and maize (Pashley, 1986).

Next to rice, in Nepal, maize is the most cultivated crop in terms
of acreage and production. In 2019, maize cultivation area
accounts for 956,477 ha with total production of 2,713,635 tons
(MoAD, 2020). Considering the fact of its diversified uses such
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as animal feeds, poultry feeds, human consumption, and biofuel,
the demand for maize, as compared to other cereal crops, is
continually increasing. Greater part of the people, particularly in
hill and mountainous regions are very much relied on maize for
staple food (MoAD, 2020). In spites of having high genetic yield
potential, corn plant is sensitive to insect pest infestation and
other abiotic stresses. This voracious pest is becoming havoc for
successful maize production in Nepal and challenging to food
security. IPM (Integrated Pest Management) approach is consid-
ered to be effective for many years. It is defined as "a decision-
based process involving coordinated use of multiple tactics for
optimizing the control of all classes of pests (insects, pathogens,
weeds, vertebrates) in an ecological manner" (Prokopy, 2003).
This technique focuses on use of locally available biological
resources and minimal use of chemical pesticides. The aim of
this review paper is to generate attention towards the
eco-friendly, sustainable and cost-effective method to control
incidence of fall armyworm. This work of review presents a clear
insight into the knowledge that would encourage the maize
growers to adopt the integrated pest management approach,
which is effective and economical.

Methodology

Information related with management of fall armyworm on
maize was collected from the available literature including
problem identification, pest biology, pest monitoring, early
warning system, and IPM measures. Relevant information was
arranged systematically and findings from them are summa-
rized. A secondary source of information was used such as
reports, articles,
manuscript preparation.

journals, newspapers, etc. during the

Origin and distribution of Fall Armyworm

FAW is native to tropical and subtropical regions of Americas
and migrates to different regions mainly in zone of maize plant-
ing (Mitchell et al., 1991). Its occurrence was first reported in
West Africa on late 2016 (Goergen et al., 2016), which then
spread across the continent due to unsafe quarantine measures
(Abrahams et al., 2017). The plausible explanation for its quick
spread is migratory behavior with the high dispersal capacity
and adult moths with remarkable ability of flying 100 km in a
single night (Johnson, 1987). Besides, this pest has numerous
eggs laying capacity that increases species population in a very
short time (Montezano etal., 2018). In Asia, the occurrence and
prevalence of this pest was detected in Indian state of
Karnataka at college of Agriculture, Shivamogga in May 2018
for the first time (Sharanabasappa et al., 2018a). Then, it spreads
to different tropical states of India like Bihar, Chhattisgarh,
Gujrat, Maharashtra, Odisha, West Bengal etc. causing devas-
tating damage within short duration (CABI, 2020). Genetic
homogeneity was found between FAW of India and South Africa
with respect to the small number of COI and Tpi halophytes
suggesting their common source of origin (Nagoshi etal., 2019).
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This pest migrated to different countries like Bangladesh, Sri
Lanka and Thailand by December 2018 and other Asian
countries like Myanmar, China, Indonesia, Philippines, Vietnam,
Cambodia, The Republic of Korea and Japan by October 2019
(FAO, 2020). Geographical distribution of fall armyworm is
shown in Figure 1.

Present status and threat of fall armyworm in Nepal

FAW was recorded in Nawalparasi district (N 27°42' 16.67" E
084°22'50.61") on 9"'may 2019 for first time in Nepal
(Bajracharya et al., 2019) and invasion of this voracious pest in
Nepal was declared in the 19 meeting of Nepal Plant
Protection Organization (NPPO) of Nepal (NPPO, 2019).
Occurrence of this invasive pest in Chitwan district confirms the
prevalence of this pest in Nepal indicating timely intervention
(FAO, 2019). This menacing pest has spread across 58 districts
of Nepal and has caused approximately 21% loss in maize
production (Onlinekhabar, 2020). Growth, survival, multiplica-
tion and their distribution are significantly guided by
environmental condition (Ramirez-cabral et al, 2017). Fall
armyworm is the tropical pest that requires warm, humid grow-
ing season with heavy rainfall is required for survival of this pest
(Stokstad, 2017). Climatological elements like temperature and
precipitation are favorable for the introduction, establishment
and multiplication of this pest (GC etal., 2019). Maize is widely
cultivated in Nepal and ranks second in term of production this
additionally adds the chance of fall armyworm spread. Crops like
sorghum, millet, sugarcane, cotton and other cereal crops are
mainly cultivated in Nepal and these crops attract this voracious
pest in absence of maize as host (Bhusal and Chapagain, 2020).
The larvae consume almost all the vegetation in their path and

the major damage is due to the feeding on the foliage (Bista et al.,
2020).

Figure 1. Geographical distribution of fall armyworm (Source: FAO, 2020).
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Insect biology and identification

FAW undergoes complete metamorphosis consisting of egg, 6-7
larval instars, pupa and adult (Luginbill, 1928). Time to complete
its life cycle may vary seasonally i.e. 30 days in summer, 60 days
in autumn and spring, and 80-90 days in winter (James and
Engelke, 2010). Spherical shaped of about 0.75 mm diameter
eggs in mass of 150-200 are laid by female in two to four layers
on leaf surface (CABI, 2019). Egg develops in 2-3 days if favora-
ble temperature of 20-30°C is provided. The larval stage of fall
armyworm completes in six larval instar stages. First instar larva
are greenish with black head while second instar are greenish
brown in color that changes to brownish with three dorsal and
lateral white lines in third instar larva. Fourth to sixth instar
larvae are brownish black and have three white dorsal lines
(Sharanabasappa et al., 2018b). Well-developed larva have in-
verted Y-shaped in yellow in head (Oliver and Chapin, 1981) and
four black spots arranged in a square in last abdominal segment
(CABI, 2019). The larval period is recorded to about 14-30 days
(Pitre and Hogg, 1983). Larva stops feeding and turns greenish
and the bright brown color after completion of sixth instar larval
stage (Sharanabasappa et al., 2018b). Chapman et al. (2000)
reported that two or fourth instar larvae exhibited cannibalistic
behavior, accounting 40% mortality when maize plants were
infested in field condition. Larvae forms protective covering
called "cocoon" by webbing together leaf debris if the soil is too
hard and pupal duration is 8-9 days in summer and 20-30 days
in cooler season (Silva et al., 2017). Adult male has shaded
forewing with gray and brown with traingular white patch at
apical region whereas female has uniform grayish brown to a
fine mottling of grey brown (Sharanabasappa et al., 2018b).
Adult female is capable of laying around 1500 eggs which may
increase up to 2000 during favorable environmental condition
(Igyuve et al., 2018). The duration of adult life is estimated to
average 10 days, with the range of 7-21 days (Sparks, 1979).

Nature of damage and yield loss

FAW larva is voracious feeder that consumes maize from seed-
ling emergence to its maturity and defoliates the whole plant
causing vyield loss. This pest attacks leaves, stem and other
reproductive part of host plant (Tefera et al., 2019). Earlier
symptoms of fall armyworm resembles with other stem borer
damage like window pan feeding and small holes (Deole and
Paul, 2018). Window like structure appears on the developing
leaf near the funnel and moist saw dust like fecal matter near
feeding area is the symptom of fall armyworm larval feeding
(Bateman et al., 2018). Skeletonized and scrapped leaf during
vegetative stage of maize plant is due to larval feeding. Plant
infested with fall armyworm in between first and second weeks
after germination resulted yield reduction up to 22.6% while
yield of plant infected three and four week after germination
were intermediate without any particular trend (Evans and
Stanly, 1990). Adult larvae feed on growing point of shoot and
tassel thus results in 'dead heart' which ease back fruit
formation (Bateman et al., 2018). Kernel number per ear is
also reduces as the larva feeding on silk causes reduction in

pollination (Harrison 1984). This pest has troubled a number of
farmers around the world due to its voracious feeding habit on
different crops like maize, rice, sorghum, sugarcane, millet,
cotton, vegetables like tomato and crucifers. Annual crop loss of
more than US$ 500 million in South-East United States and
Atlantic coast is caused by this pest (Young, 1979). Current
study from 12 African countries found that fall armyworm is
able to cause annual yield loss of 4.1-17.7 million tons of maize
(Rwomushana et al., 2018) that valued US$ 2.5-6.2 billions
(Conrow, 2018). Yield loss estimate due to fall armyworm is 22-
67 percent in Ghana and Zambia (Day et al., 2017), 47 percent in
Kenya (Kumela et al, 2018) and 9.4 percent in Zimbabwe
(Baudron etal., 2019). Similarly, 80,000 hector of land is affected
with this pest in Yunnan province of China (Gu and Woo, 2019)
whereas in case of Sri Lanka 40,000 hectares of land has been
infested by damaging 20% of its crop (UNNews, 2019). Similarly,
fall armyworm can cause severe damage in Nepal due to the
favorable climatic condition.

Integrated pest management

Integrated pest management comprises of modification of
cultural practices, emphasis on biological control (use of preda-
tors, parasitoids, and entomopathogens), botanical extracts,
pest monitoring, crop management practices, judicious use of
chemicals etc. Management of fall armyworm through only one
approach is unimaginable so, different methods should be used
in an integrated way in order to control fall armyworm infesta-
tion (Bista et al., 2020). These practices should be used in
sustainable and economic manner such that the risk caused by
them to the environment and human being are minimal
(Batemanetal., 2018).

Pest monitoring

Scouting, pheromones traps, and light traps are the effective pest
monitoring technique and mass trapping of FAW (Abrahams et
al., 2017). Scouting helps in understanding biology of organisms
in the field and their ecology which is the basis for understanding
and knowledge, better decision making for FAW management
(FAOQ, 2018b). Pheromone trap is the insect trap that is usually
used to attract male by the use of pheromone and it has been
found as effective tool to control male population (Basista-
Pereira et al, 2006). Adult male of fall armyworm can be
captured by the standard unitrap with a green canopy, yellow
funnel and white bucket (Meagher, 2001). Pheromone is
chemical usually produced by female that attracts male for mat-
ing. Spodoptera frugiperda sex pheromone contains (z)-9-
Tetradecenyl Acetate (Z-9-14: OAca) which is common to cab-
bage looper (Trichoplusia Ni), beet armyworm (Spodoptera exigua)
and black cutworm (Agrotis ipsilon exigua) (Klun et al., 1996). Being
nocturnal insect black light trap can be used to monitor both
male and female insects (Haftay and Fissiha, 2020).

Cultural practices
Cultural practices include intercropping, trap cropping, crop
rotation and other measures that alter environmental condition.
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This enables FAW to attack less economic important crops.
Intercropping of leguminous crop i.e. Soybean, Groundnut, bean
etc. with maize protects crop from FAW as compared to that
when it is mono cropped (Hailu et al., 2018). Deep ploughing
before showing will expose FAW pupa to predators. Push-pull
technology is the habitat management strategy that involves
intercropping maize with repellent plants i.e. Desmodium (push
plant) which repels FAW and planting trap crop like Napier
grass (pull plant) are shown in the maize field 3-4 rows and
spraying with 5% NSKE or Azadirachtin 1500 ppm when trap
crops show symptom of FAW damage (Firake etal., 2019; Khan
etal., 2011). Spraying of sugar solution in the maize field caused
parasitism on fall armyworm (11.38%) as compared to water
sprayed (6.38%); however, it does not reduce pest population
(Bortolotto et al., 2014). Cover crops like mucuna, lalab beans,
sun hemp etc. provide shelter to natural enemies of fall
armyworm like spider, beetle ants, etc. (Altieri et al., 2012).
Climate adapted push-pull technology reported significant
reduction in larval population and plant damage along with 2.7
times higher yield compared to maize grown as sole crop
(Midega et al., 2018). Selection of resistant variety and genet-
ically modified seed play vital role in controlling fall armyworm
(Burtet et al., 2017). Bt-maize was reported resistant in Africa
but in some case of America, it has overcome Bt-maize (FAO,
2018a). Fall
decreased by 33-kD proteinase which is naturally produced by
some sweet corn (Pechan et al., 2000). In Latin America,

armyworm larval growth was significantly

In Nepal, GMO is not practiced for commercial purpose.
Cultivation of maize hybrid with tight husk if found to be
effective to reduce FAW damage (Firake et al., 2019). Infesta-
tion on plant can be reduced by planting early maturing variety
as they are less exposed to FAW (Harrison et al., 2019). Conser-
vational tillage is also beneficial to control fall armyworm
infestation in Americas as it promotes crop diversification and
provides favorable habitat for predatory species (Rivers et al.,
2016).

Mechanical control

Egg masses and neonate larva are hand-picked and destroyed
by crushing or immersing in kerosene water (Firake et al., 2019).
Application of dry sand and wood ashes into the whorl of effect-
ed maize plant soon after observation of FAW incidence is also
very effective mechanical method to control fall armyworm
infestation (Abate et al., 2000). Volunteer plants, infected crop

Table 1. Parasitoids of Fall Armyworm.

residue, weeds, etc. are host for the pest so they should be
removed from field. Removing larva of fall armyworm during
vegetative stage of plant reduces the number of insecticidal
spray required during the silking period (Foster, 1989). As the
adult female moth of fall armyworm lays eggs in cluster
underneath of leaves, this allows easy destroying of eggs
manually or by natural enemies (Wightman, 2018).

Biological control

Use of natural enemy of the pest is the main theme of biological
management of pest. IPM concept mainly focuses in biological
control as this method is environment friendly and sustainable.
Biological management of FAW involves the use of predatory
insect and mites which feed their prey, parasitoids which are
free living in adult stage and parasitic in larval stage and
entomopathogens like fungi, bacteria, viruses and nematodes
that cause lethal infection (FAO, 2018b).

Parasitoid

They lay eggs on egg masses, larva and adult of fall armyworm
and cease their growth by growing on them. Egg parasitoids are
considered as most important among other biological control as
they prevent any damage to crop and they can be easily grown
in huge amount (Prasanna et al, 2018). Recently, Nepal
Agriculture Research council has reported fall armyworm egg
parasitoids and the specimen were almost identical to multiple
specimens in Gene Bank (GC et al., 2020). Cotesia icipie is very
important larval parasitoids which has potential to kill over 60%
of fall armyworm (ICIPE, 2018). Table 1 shows different
parasitoids of the fall armyworm.

Predators

Predators are the natural enemies that destroy eggs, caterpil-
lars, pupa or adult of the fall armyworm during their lifecycle
either as larva or adults (FAO, 2018b). Ants, wasps and spiders
are also most important predators of FAW eggs, larvae or pupa.
Similarly, vertebrate predator like birds, skunks and rodents
around the maize field is also beneficial as they feed larva as well
as pupae of fall armyworm (Capinera, 2000). Mostly fall
armyworm reside inside whorl of maize where predatory
earwig, Doru lutepies occurs throughout the life span of maize
whose nymphs feed 8-12 larva daily and adult one consumes 10-
21 larva daily (Reis et al., 1988). Different predators of FAW
along with description is presented in Table 2.

S.N. Natural enemy Nature

1 Trichogramma pretiosum Females are egg parasitoids.

2 Telenomous remus (Nixon) Females are egg parasitoids.

3 Chelonus insularis cresson Females are egg/larval parasitoids.

4 Campoletis flavicincta (Cameron) Females are larval parasitoids.

5 Cotesia icipie Females are larval parasitoids.

6 Habrobracon hebetor Females are larval parasitoids.

7 Winthemia trinitatis Females are larval parasitoids.

8 Lespesia archippivora Females are larval/pupal parasitoids.
9 Archytas marmoratus Females are larval/pupal parasitoids.

Source: (Prasannaetal., 2018)
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Table 2. Predators of FAW.

S.N.  Predators Scientific name

Description

1 Ladybird beetles Coleomegilla maculate
Olla v-nigrum
Cycloneda sanguinea
Hippodamia convergens
Eriopis connexa

Doru luteipes

Euborellia annulipes

Calosoma granulatum

2 Ear wigs
3 Ground beetle

4 Assassin bugs Zelus longipes
Zelus leucogrammus

Zelus armillatus

5 Flower bugs Orius insidiosus

6 Pirate bugs Nabis rugosus

7 Big-eyed bugs Geocoris punctipes

8 Spined soldier bug Podisus maculiventris

Both adults and larvae of ladybugs feed on eggs and
young larvae of Lepidoptera including FAW.

They are recognized as egg and larval predator of FAW.

They show predatory habit both as adult or larvae
feeding on young FAW caterpillar.
They feed on immature of FAW.

They are predators of lepidopteran eggs.

They are predators of small lepidopteran larvae.

They feed on immature of FAW.

Nymphs and adults mainly feed on lepidopteran larvae.

Source: (Prasannaetal., 2018; FAO, 2018b)

Entomopathogens

Generally, plant pathogen (viruses, fungi, protozoa, bacteria and
nematodes) are harmful to the crops and play vital role in reduc-
ing crop yield but some of them regulate FAW population in the
field (Assefa and Ayalew, 2019). Nuclear Polyhedrosis Viruses
(NPVs) can be the useful and effective method against fall
armyworm (de Romero et al., 2009). FAW is naturally affected
by Nuclear Polyhedrosis Viruses (NPVs) such as the Spodoptera
Frugiperda Multicapsid Nucleopolyhedrovirus (STMNPV), fungi
like Metarhizium anisopliae, Metarhizium rileyi, Beauveria bassiana,
Protozoa and bacteria like Bt bacteria (FAO, 2018b).

Botanical pesticides

Botanical pesticides are derived from different plant species of
different plant family for pest control. Botanical pesticides are
environment friendly, less harmful to farmer and consumer and
safe to natural enemies of pest. The seeds or leaves of the plants
of the Meliaceae family (Azadirachta) and Asteraceae family
(Pyrethrum) can be use in order to manage fall armyworm (FAO,
2018b). Application of 0.25% Neem oil extract under laboratory
condition showed 80% larval mortality (Tavares et al., 2010).
(Maredia et al., 1992) reported that Neem seed powder was very
effective to control fall armyworm that can cause over 70%
larval mortality in his laboratory. Hexane and ethanol extracts
of seeds of Aglaia cordata Heirn showed 100% larval mortality
under laboratory condition (Mikolajczak et al., 1989). Botanical
extracts from Azadirachta indica, Schinnus molle, Phytolacca
dodecandra caused maximum larval mortality (>95%) after 72
hours of application (Sisay et al., 2019). The seed cake extract of
Azadirachta indica (Silva et al., 2015) and methanol extract of
roots and other areal parts of Myrtillocactus geometrizans
(Cespedes et al., 2005) have shown larvicidal property due to
decrement in feeding and eased back larval growth. Likewise,
plant oil extract from clove and palmarosa have potential to
control first instar larvae whereas, plant oil extract from turmer-
ic, clove and palmarosa have pronounced effects to control
second instar of fall armyworm larvae (Barbosa et al., 2018). The
aqueous extracts from leaves of the neem and spraying
adjuvants has lethal effect upto 100% on the neonate larvae of

fall armyworm after three day of application and ceases the
larval development (Viana and Prates, 2003). Ethanol extracts of
Argemone ochroleuca shows larvicidal property as this extracts
reduces the feeding ability of larva (Martinez et al., 2017).

Chemical pesticides

Chemical pesticides are the synthetic chemical compound that
is used to kill or repel insect and pest which are which are inva-
sive and causes damage to crop. Different insecticides and pes-
ticides are reported to be effective against FAW. However, use
of pesticide is not central idea of IPM but in severe condition
chemical pesticide is used. Its judicious use is recommended so
that risk caused by them is minimal to environment and human
beings. Pesticides provide higher level of crop protection which
other approaches cannot provide but they should be under the
threshold.  Soybean with
Chlorantraniliprole and Cyantraniliprole caused reduction need

economic seed treated
for foliar spray against fall armyworm (Trash et al., 2013). Some
of the synthetic chemical pesticides like Methomyl, Cyfluthrin,
and Methyl parathion can be used to control the invasion of fall
armyworm (Tumma and Chandrika, 2018). Pesticides should be
used in judicious level due to their toxicity, persistence and ten-
dency of accumulation and bio-magnification. Methomyl,
Chlorpyrifos,

Emamectin benzoate,

Carbosulfan, Beta-cypermethrin, Spinetoram,
Indoxacarb, Cartap hydrochloride,
Lufenuron, Diflubenzuron, Chlorantraniliprole, etc. are widely
used in South Africa to control fall armyworm in maize, cotton,
sorghum, potatoes, crucifers and other vegetables (IRAC, 2018).
More than 90% larval mortality occurs by the use of Spinosad
and 39% yield loss occurs by the larval damage if insecticide is
not used in right time (Cruz et al., 2012). Emamectin benzoate 5
SG showed  highest acute toxicity, followed by
Chlorantraniliprole 18.5 SC and Spinetoram 11.7 SC by leaf-dip
Chlorantraniliprole 18.5 SC,
followed by Emamectin benzoate 5 SG, Spinetoram 11.7 SC,
Flubendiamide 480 SC, indoxacarb 14.5 SC, Lamda cyhalothrin

5 EC and novaluron 10 EC are effective by field efficacy for 2

bioassay method whereas,

planting dates (Jun and Sept shown crop) for control of second
instar larvae of fall armyworm (Deshmukh et al., 2020).
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Early warning system

With climate changes, the world is striving to encounter and
adapt to inevitable, possibly profound, alteration. Farmers can
employ systems such as light traps, pheromone traps, and sticky
traps to spot any severe pest outbreaks. It is suggested that they
conduct such kind of scouting activity at least twice a week. In
addition to this early detection, maize growers can further
check the incidence of pests, as well as diseases, through crop
rotations. An early warning system is needed to inform farmers
of future possible threats. It has four parts: Risk knowledge,
Monitoring and Predicting, Information dissemination, and
Response.

Risk knowledge: Risk evaluation provides crucial information to
set priorities for pest mitigation and prevention strategies and
designing early warning systems.

Monitoring and predicting: Approaches with monitoring and
predicting potentialities provide timely estimates of the possible
risk faced by the farmers.

Information dissemination: Communication systems are re-
quired for passing warning messages to the highly affected
farmers. The messages need to be reliable, synthetic and simple
to be understood by authorities and the public.

Response: Coordination, effective governance and suitable
action plans are important points in good early warning.
Similarly, aspect of pest
management.

public awareness is a critical

The most fundamental idea behind early warning system is that
the earlier farmers are able to anticipate potential hazards
associated with pests and crops, the more likely they will be able
to manage and mitigate a disease’s impact on crops and environ-
ment. It empowers farmers to take action prior to a loss.
Effective early warning systems include the following aspects:
risk analysis; monitoring and predicting the intensity of the

Risk analysis and
Knowledge

Risk
Response monitoring
capability and warning

SErvices

Risk discrimination
and communication

Figure 2. The elements of an early warning system. Source: (OpenLearn,
2018).

diseases and pests; communicating alerts to farmers and to
those potentially affected; and responding to the pest infesta-
tions. This system requires an effective communication channel.
Many communication networks are currently available for
warning dissemination, like Short Message Service (SMS), email,
radio, TV, and web service. ICT is an important element in early
warning, which plays a crucial role in disease management and
disseminating information to farmers (UNEP, 2012). These are
systems that provide answers to such questions as ‘what if the
pests attack the crops? or ‘what if there’s immediate disease
outbreak? To be effective these plans need an early warning
system to alert people of impending threats to tackle problems
and reduce risk. Early warning systems make contingency
strategies and evacuation procedures more precise and help
farmers to improve their way of farming. In Nepal, there is a high
degree of vulnerability to biological risk in crop productions
such as pests infestation, particularly among the poor
households and those located in rural areas. Communication to
such farmers through an early warning system can help mitigate
disease risk by improving preparedness and giving greater
protection. Figure 2 displays the elements of an early warning
system.

Monitoring and predicting is just a part of the early warning
process which provides the input information for the early
warning procedures that needs to be disseminated to farmers
whose responsibility is to respond. This warning gives the
possibility of responding to take mitigation or security measures
before pest When monitoring and
predicting systems are connected with communication channels
and response plans, they are considered early warning.

infestations occurs.

Conclusion

Fall armyworm is a voracious pest of maize. It has recently been

introduced in Nepal due to favorable temperature and
precipitation regime. For several years, it has become a pest of
major economic importance causing up to 100% yield reduction
as warned by FAO. For this reason, this pest demands immedi-
ate action. Intercropping with leguminous crops, removal of
alternate host, volunteer hosts, push-pull crop like Napier grass
and Desmodium, use of plant-based pesticides, biological
control measures like use of predators, parasitoids are some
measures that can be adopted for effective pest management.
Nevertheless, the use of entomopathogens in Nepal is not
appropriate and successful. Regular monitoring and scouting
should be done for mass trapping and control of pest. For
effective control, there is a need of proper quarantine regulation
in Indo-Nepal border and in non-invaded areas. Different
synthetic benzoate,
Chlorantraniliprole, Spinetoram, Flubendiamide, indoxacarb,

novaluron etc. are recorded effective against FAW but they

chemicals like Emamectin

should be use below threshold level. Future research work
should be based on ecological methods of pesticides application,
non-toxicological approach of insect pest management and
environmental plus crop-friendly based of pest control.
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Suggestion for future research work
The authors suggest that future research endeavors should
include an in depth studies on the biology, ecology, and manage-
ment techniques of different hazardous insects, such as fall
armyworm. Precedence should be given on the conductance of
different IPM related programs, incentives for pest control, and
awareness programs for disease control. We suggest further
following works to be focused:

The investigations should be repeated to confirm the present

results.

e  Efficient predators and parasitoids should be identified and
utilized for the management of Spodoptera frugiperda in
maize crop.

e Suitable
needed to be applied for the management of S. frugiperda.

Integrated Pest Management strategies are

e Studies on the pheromones of S. frugiperda should be
conducted.

e [Efficacy of botanical insecticides against S. frugiperda
should be studied.
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