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Spodoptera frugiperda J.E. Smith
Lepidoptera:Noctuidae
Common name:
Fall armyworm, grass worm, armyworm, fall, southern armyworm, southern grass
worm, maize budworm, buck worm, wheat cutworm, grass caterpillar, alfalfa worm,
rice caterpillar bud worm, whorl worm, overflow worm, corn leaf wormcal
Synonyms:
Laphygma frugiperda Guenee, 1852 Phalaena frugiperda Smith & Abbot, 1797
Trigonophora frugiperda Geyer, 1832  Laphygma macra Guenee, 1852

Laphygma inepta Walker, 1856 Prodenia signifera Walker, 1856
Prodenia plagiata Walker, 1856 Prodenia autumnalis Riley, 1870
Noctua frugiperda J.E. Smith Caradrina frugiperda
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Major hosts( el slelsm):

Allium (onions, garlic, leek, etc.), Arachis hypogaea (groundnut), Beta vulgaris var.
saccharifera (sugarbeet), Brassica oleracea (cabbages, cauliflowers), Brassica rapa
subsp. rapa (turnip), Brassicaceae (cruciferous crops), Capsicum annuum (bell
pepper), Chrysanthemum morifolium (chrysanthemum (florists')), Cucumis sativus
(cucumber), Cucurbitaceae (cucurbits), Dianthus caryophyllus (carnation), Glycine
max (soyabean), Gossypium (cotton), Ipomoea batatas (sweet potato), Lycopersicon
esculentum (tomato), Medicago sativa (lucerne), Musa (banana), Nicotiana tabacum
(tobacco), Oryza sativa (rice), Pelargonium (pelargoniums), Phaseolus (beans),
Phaseolus vulgaris (common bean), Poaceae (grasses), Saccharum officinarum
(sugarcane), Solanum melongena (aubergine), Solanum tuberosum (potato), Sorghum
bicolor (sorghum), Spinacia oleracea (spinach), Trifolium (clovers), Zea mays
(maize), Zea mays subsp. mays (sweetcorn), Zingiber officinale (ginger)

Minor hosts( s s\l j):

Agrostis gigantea (black bent), Alcea rosea (Hollyhock), Allium cepa (onion),
Amaranthus (grain amaranth), Asparagus officinalis (asparagus), Avena sativa (oats),
Beta , Beta vulgaris (beetroot), Brassica oleracea var. capitata (cabbage), Brassica
oleracea var. viridis (collards), Brassica rapa ssp. oleifera (turnip rape), Capsicum
(peppers), Carya (hickories), Carya illinoinensis (pecan), Chenopodium quinoa
(quinoa), Chloris gayana (rhodes grass), Chrysanthemum (daisy), Cicer arietinum
(chickpea), Citrullus lanatus (watermelon), Citrus aurantium (sour orange), Citrus
limon (lemon), Citrus reticulata (mandarin), Citrus sinensis (navel orange), Codiaeum
variegatum (croton), Cyperus rotundus (purple nutsedge), Dahlia pinnata (garden
dahlia), Echinochloa colona (junglerice), Fagopyron esculentum (buckwheat),
Fragaria chiloensis (Chilean strawberry), Gladiolus hybrids (sword lily), Gossypium
herbaceum (short staple cotton), Hevea brasiliensis (rubber), Hibiscus cannabinus
(kenaf), Hordeum vulgare (barley), Lactuca sativa (lettuce), Malus domestica (apple),
Mucuna pruriens (Buffalobean), Panicum miliaceum (millet), Pennisetum
clandestinum (kikuyu grass), Pennisetum glaucum (pearl millet), Phleum pratense
(timothy), Pisum sativum (pea), Platanus occidentalis (sycamore), Plumeria
(frangipani), Poa annua (annual meadowgrass), Poa pratensis (smooth-stalked
meadowgrass), Portulaca oleracea (purslane), Prunus persica (peach), Secale cereale
(rye), Setaria italica (foxtail millet), Setaria viridis (green foxtail), Sorghum
caffrorum , Sorghum halepense (Johnson grass), Sorghum sudanense (Sudan grass),
Trifolium pratense (purple clover), Trifolium repens (white clover), Triticum aestivum
(wheat), turfgrasses , Vaccinium corymbosum (blueberry), Vigna unguiculata
(cowpea), Viola (violet), Vitis (grape), Vitis vinifera (grapevine), Zea mexicana
(teosinte).
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Figure 2. Egg mass of the fall armyworm, Spodoptera frugiperda (J.E.

Cmith)

FAW: first signs of infestation (a) egg masses

Eggs are laid in masses on leaves, mostly on the underside, but also on the upper side and on
stems. Females can deposit eggs in more than one layer before they are covered by anal hairs
of the moth. Egg masses without hair covers may also be encountered. Eggs may be
cream-coloured, green or brown, but the whitish colour of the hair covers is easily cbserved on
the green leaves. The presence of egg masses plays an important role in the scouting process.

A. Egg mass placed on stem (left) or leaf (right) at B. Egg mass (leff) and Iarvae. fratching three days
early stage of maize plant after oviposition (right)



FAW: characteristic marks on caterpillars
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Fall Armyworm: identification

Fall Armyworm ldentification

- — S
> z - ’!‘.5__ = ———

=

Broad, pale band
along top of body,
contrasted by dark

striping at the sides
Eighth
abdominal
segment
with four Head with dark
dark spots net-like pattern
and upside-down,
white “Y" marking
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Similar caterpillar species found on comn (left-right): armyworm, fall armyworm
and corn earworm. The fall armyworm has an inverted "Y™ pattem on the front of a dark head.
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Figure 1. Relative amounts of food eaten by a fall armyworm caterpillar during each
growth stage.
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Figure 1. Eggs of the fall armyworm, Spodoptera frugiperda (ULE. Sprith), Cradits USDA
hatching.
Crochits: Am Castnor, UF/IFAS
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" Figure 3. Newly hatched larva of the fall armyworm, Spodoptens
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FAW: pupae, soil cells and cocoons

Exl wovpwars pugan 1ol oal et tocess. O Vieaw ARCH0P Reocwplan

038l 31955 33 0 5 COT (5bd 0 sl



0 il 4195S 9 p o5 ST Jol5 Ol i



yo o YY-Fo o, U oW 0y o Cdl ol Jol5 Ol puiin—

B Loy Gl Fol> L 5 puin Sl il -
JU 500 S35 )3 UK (e i B L (g1 050 lls

i 93 2 50 (ol il 0,5 153 b (510 B dndw e JU-

ool W awl G, Ve Jol5 Ol pis pos Jobi Jlad o

o] DS

i hite patch
whitespot  ritearcs v

A \/\

dar{‘%

line
along
wing 2ui02:
Figure 3. Male Foll ormyworm odult. Figure 4. Female Fall armyworm adult
Picture Courtesy of: Picture Courtesy of : Photo 5 - Adult S. friguperda at rest
Lyle Buss, University of Florido, Bugwood.org Lyle Buss, University of Florida, Bugwood.org

Tegulae partly black, sexes similar.

. s

@ A continuous line from orbicular spot to postmedial zone.

>

@ A discontinuous line from orbicular spot to postmedial zone
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FAW life-cycle: summary (pertinent to spread/ control)

Life cycle, 24 - 40 days

Adult . liveupto
21 days, av. 10

days « Pre-oviposition period,
’ I 3-4 days
7-13 days 100 to 200 eggs mass
‘ up t0 2000, 2 - 3 days

larval stages,
L1-L6 about 14 - 22 days
——
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DAY 6-14

DAY 3-6

DAY 1-3

Fall Armyworm is usually found on maize plants at any
given stage.

-~

-~ -~
TASSELS
-~
-
.

GROWTH STAGES 4-6

By stage 3-6 it will have reached the proiective
region of the whorl, where it does the most
damage, resulting in ragged holes in the leaves.
Feeding on young plants can kill the growing point
resulting in no new leaves or cobs deveioping.
Often only 1 or 2 caterpiliars found in each whorl,
as they become cannibalistic when larger and will
eat each other io reduce compstition for food.
Large quantities of frass (caterpillar poo) present.
When this dries it resembles sawdust.

a®

WHORL

EAR

If the plant is older and has already developed
cobs then the caterpillar will eat its way through
the protective leaf bracts into the side of the
cob where it begins to feed on the developing
kemels {szeds).

GROWTH STAGES 1-3

After hatching the young caterpiliars feed superficially.
usually on the undersides of leaves. Feeding results in
semitransparent paiches on the leaves called windows.
Young caterpillars can spin silken threads which caich
the wind and transport the caterpiliars to a new plant.
The leaf whorl is preferred in young plants. whereas
the leaves around the cob silks are atfractive in

older plants.

Feeding is more active during the night.

100-200 eggs are generally laid on the underside
of the leaves typically near the base of the plant,
close to the junction of the leaf and the stem. These
are covered in protective scales rubbed off from the
moths abdomen after laying.

When populations are high then the eggs may be (L
Iaid higher up the planis or on nearby vegetation. : = STALK

-------n‘-

The caterpiliar will then burrow
2-8 cm into the soil before pupating.

The loose silk oval shape cocoon
is 20-30 mm in length

If the soil is too hard then the

After approximately 8-9 days the adult
moth emerges to restari the cycle.

caterpillar will cover itself in leaf
debris before pupating.

©CABI 2017

5
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Figure 1. Relative amounts of food eaten by a fall armyworm caterpillar during each
growth stage.
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Figure 2. Types of lesions causedby FAW larval feeding on leaves.
(@~ pin-hole,
(€1 — 3= small to large elongated lesions,

{d1-3)= small to large uniform or irregular shaped lesions
&y= shot hole,

“fi=leafsheath €, e

Figure 13. Early-instar FAW damage
on maize leaves in the form of

on maize leaves in the form of pinholes or small window panes.
pinholes or small window panes.

Figure 14. Early-instar FAW damage

Figure 15, FAW feeding in the whorl,
As the leaf emerges a characteristic
“paper doll” cutout pattern emerges,
This occurs when larvae feed on the
rolled-up leaf in the whorl,



Windowing Skeletonised leaves

Damage - has preference for maize

Shot holes Tassel damage
Damage — has preference for maize

T

Cob damage Grain damage
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Figure 6. Rating based on aar
damage ty FAW.
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Photo 9- Damage on sorghum

Photo 8 - Damage ou cotton capsule
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In the field, walk a letter “W”, covering the entire field:

Flant no. Infested? Flant no. Infested? Flant no. Infested? Flant no. Infested? Flant no. Infasted?
1 x 1 X 1 1 X 1 X
2 2 2 2 2
. ES [ El . . 3 . X I 3 - X I 3
- 4 X 4 . X . 4 . X I 4 l X I 4 X
. 5 5 5 . I 5 5 X
3 x B X . 3 I [ I & X
7 7 I 7 I 7 I 7 X
- 2 X [ 8 . 2 . X I 2 l b I 3 X
| . 1 . ! . ! | . | | .
10 X 10 X 10 X 10 ks 10 X
e | ¢ . . ; :r

The total number of plants infested in the 50 plants counted is6 =4 + &£+ 5+ T =26

So in 100 plants it would be double: 26 X 2 =52, or 52 percent of the plants infested.
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Maize growth stages
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Carly whorl Late whorl Tasseling/ Maturity
» %go stage Silking
Stage Pollination
Emergence 2 leaves 5 leaves 8 loaves 12 Isaves 16 leaves 20 leaves
fully fully Tully :
s ol ged.
Tansel »
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For FAW collect the following info (an example):

70-100

Seadling Early whaorl Late whorl Cobs Where to find
Eqg massas X X Leaves — both sides, stams
1.7 instar larvae " " :]‘r:hh:::.u%nm or absance {thay may also be found
3-6 instar larvae X X X In wharls (funnel) — presence or absence
Adult moth X X X Humber on plants
Larvae attacked by pathogens X
Windowpana damage Prasence or sbsence
Pinhole damaga X Prasence or absence
Fugged damage — frass X Frasence or absenca
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Table 1. A summary of parasitoids and pradators against FAW.

FAW Parasitolds
Egg Parasitoids
Trichogramma prstosum (Riley} *  Trichogramma speciee ars very amall inzacts,
(Trichcgrammabdas)® with dimensions <1 mm.
. T. prefioswm is usad in the control of agos of
FAW and Hislicovarpa spp.
Trichogrammatoidea armigsra *  Small inzecis (< 1 mm)} with famales bioger
{iichogeamsninidea: * T anmigsrais ussd in the control of eggs of
Helicovarpa armigsera and FAW.
* T armigsraiz being mass produced at
ICRISAT-Niger Laboratory.
Tsfenomus remus (Nocon} * Measurss 0.5-0.6 mm in length and haz a
(Hymenopisra: Scalionidas)® bilack, shiny body.

= Presents high specificity for FAW. Each famale
parazifizes mars than 250 sggs during s lifs
span.

Ths total pericd from sgg
placamant to adult emergencs is 10 days.

Egg-Larval Parasitoids
Chalonus insufaris Cresson *  Msaaurse about 20 mm in wingspan.
(Hymenopisra: Braconidasy® . Avay it i

, usually
predominant in maize fields. 91% of natural
parasitizm found in maizs fisld samplas was dus
%o C. insulanis, -

«  Among the ssvaral biological control agents Female of Chsionus insularis parasitizng
amrwmhhmmmm FAW sggs {left;; two FAW larvas of the 2ams

- aps. Ths amaller one has bean parasitized
w.mmnmwww By M oo (gl

Amenca
C. insuianis has besn found in South Africa and
Egqypt (CABI).

*  Ths parasitized A4 sgg hatches, gving nes to
2 cafarpillar. camrying within it $hs parasitoid. The
larval pariod of $ha parasitoid has an averags
leng of 20.4 daye, cioss 1o that of a heaitiy
caterpiliar Howevar, $hs relabionship of leaf
conzumption betwsen healthy and parasitizad
catarpillars iz 15:1, msaning lsss damags to
s plant



Scientific Name & Family

{Hymencptera: Ichnsumanidas)*

Cotssia icips (Femandsz-Triana &
Fiaboe)"

Habrobracon habetor (Say)
(Hymsnoptsra: Eraconidas)’

(Diptera: Tachinidas)

Description

Ths inasct wingspan is about 15 mm.
Third-inzfar lanvae ars the mast suitable
staps for ths parasitoid Ths tofal cycle of ths
paraaitoid iz around 22.9 days.

Ths refbon of consumption bstween a healfy
caterpillar and a parasitized caterpifar is Campolatis flaviginciz couple (upper left;
14.4:1. Therefore, by parasitizing small-zizsd R
cateepillare. in addition to bsing afficient to famale parazitizng FAW larva (upper right}.
causs death of $he hast inzect, the parasitoid
Mmdmhafwmﬁmby
catsepillars.

Ths zkan of the dsad P catemiliar lisa next to
the cocoon of ths parasitoid. charactsnstic of
thiz apecies.

L. flavicincta pupa and remaina of a

Known to parasitize ssvaral spsciss of
Spodoptsra in Africa, induding FAW.

Under laboratory condibians »50% parasitism
has been cbaerved on FAWL.

A zmall wazp, which hazs baan used against
pearl milet head miner, also atiacks FAW larvas
undsr xboratory conditions.

Thees parasioids ars rearad in the laboratory at
ICRISAT 2nd INRA in Niger, and ISRA in Sanagad

In Africa, thiz parasrinid iz found in Algsria,
Burkina Faso, Egypt, Libya, Madagascar, Niger,
Senegal. South Afica. Zimbabwe, and Maurnitius

(CABY.

The femals placss its eggs in e body of a fifth-
it impoeaibls to be ramoved. The larvas of ths
parasitoid psnetrais tha body of fe larva, delay
pupation, and infiict up to 30% parasitiam. 2 _

daveioped instarz Tachinid fiy Winthsmia tninitae laying eqg
xmmwuhw?m cn FAW larva {lsff) and egge on the host
tachinids contributs to the reduction of fubws  200MeN (Aght
peat generafiona.




Scientific Name & Family Description

Larval-Pupal Parasitoids
Arctytas marmoratus (Townzend) Aauhyw-pmpmmufm
(Diptera: Tachinidasf* speciea of Nochuidas (Lepidoptera) incuding

AW,

*  Haz 2 complex s oycls that aliows it fo
parzzitize 2 wids rangs of host larval instars.

*» Tha femals does not ly e sggs dractly on the
hast, but rather placse ssvaral of them nearty.
The sggs 2oon hatch and young larvas smerge.
Paraaitiam cocurs when $1s0 lanae masta hst  ACRYES marmoratue
and pensirats tha body of the host.

*  Sinca ths famals of A marmoraivz lys swveral
0gs 2t tha sams Sme 2t ssvenl placsa,
tha probability of superparaatizm is very
high. Oftsn 75% of ths parastized larva ars
suparparasitized. Survival of the paraaitoid
daciinga significantly if more than four parasiteid
maggots ars 2ssn n 2 angks host catsrpilar.

Henoa, relsass ratss of A marmoraive need fo
b opmized %o raducs superparasitim rates
(Carpendsr and Proshold 2000).

*  Mass-rearing protocols for A marmorafus on
com earworm, Helicoverpa 28a (Boddie} and
Graater wax moth, Galleria mslonslia (L.} wers
standardized (Grosa and Johnzon 1983; Brath
1643,

Laepesia archippivora fiey) » A genaralst parasitoid capable of parasitzing
(Diptara: Tachinidag} at lsast 25 spacies of Lapidoptera
* A femals can oviposit between 15 and 204
8903 in her life apan.
*  The female oviposits on th back and of
the caterpillar. Thres insfars of Lespesia
archippivora feed on the hoet cateepiliar and

upon maturity the parasitoid & ot  Lespssia anchippivora (Source: 0BG
dmmmmnmm Photography Group, Cantre for Biodiveraity

smarges from the pupa approximatsly 10-14  Genomics)
daya fram ovipasition..




Scientific Name & Family

Colsomagills macuizta

(Calsoptsra: Coccinalidas)
Ladybird beetle™

Cycloneda sanguinea (L)
(Colsoptera: Coccinalidas)
Ladybird beetle®

Description Photograph
FAW Predator Insects
Aduits are 6 mm in lsngth and pensraly red
with 2ix biack pats on sach slyira.
Fanise lay dusters of 10 to 20 yellow sgoe on
the plantz.

Baoth aduits and larvas faad on aphids, mitss,
8003, 2nd lanae of various insscis such az FAW.

Fellen and fungal sparas ars alzo impariant
components of this speciss’ dist.

Adults are ~& mm in length and havs orange-
colarad elytra, typically with 6 amall biack spots
on sach.

The body section behind ths hsad ia black with
The fermalea fay dusters of 10-20 ysllow-
colorad eggs on fhe plants.

Ths larva grows through four stagss.

Adults ars initially light in color, and over tims,
becoms darkesr.

Aduits come in two difersnt color pattsma.

Ths black-coiorad adult acquirss a briliant
black color, while the zpats of their slyira
become orange. The yellow-atraw colorsd adult
ghows 2 zlight incraass in itz fonality and the
apotz locasd along its slyira becoms black
An sfficisnt predator, both in ths larval and Off v-nigrum
aduit stapsa.

Ths avsrags egge per ovipeaition is around 21.

Ths tofal sgg fo adult cyde asts about 20 days.

A rsd ingect with no zpats on the syl of -
aduits but two biack apotz on the dear area of ‘
ths head.

Tha female lays her eggs in ths heet plant. in

groupe. each containing about 20 yefiowizh El‘“”,ifs -
sgos. e S &
The inssct pasass through four mymphal stagss. : —

The karval pariod fasts for ~8 daye. The @8 10 yciansds sanguinsa
mwﬁsm o

Bath the lanva and the adult ars predators.
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Insecticides recommended for use

Active ingredient

Chlorantaniliprole +lambda-cyhalothrin
beta-cyfluthrin

gamma-cyhalothrin
lambda-cyhalothrin

zeta-cypermethrin

Dimethoate

Imidacloprid

Indoxacarb + acetamiprid

Metarhizium anisopliae

Malathion

Methoxyfenozide

Permethrin

Spinetoram

Spinosad

Abamectin

Acetamiprid

acetamiprid + lambda-cyhalothrin
Bacillus thuringiensis (Bt) var. kurstaki
Bifenthrin

Beauveria bassiana

Carbaryl
Chlorantraniliprole

Besiege
Baythroid
Proaxis
Warrior Il
Respect
Dimethoate

Admire Pro

Malathion
Intrepid
Ambush
Delegate

Success

Abba
Gazelle

Thuricide
Capture

Sevin



Table 2. Potential botanical pesticides against FAW, based on studies in America.

Species Family
Nsem: Azadirachta indica Maliaceas
Aglva cordats Hiem Maliacsas
Annora mucosa Jacguin Annonacaas
Varmonia holosenicea, Lychnophora Asteraceas
mmosissima, and Chromolasna

chassae

Cedraia salvadorensis and Cedrela Mieliaceas
dugsssi

Myrtillocactus geometrizans Cacaceas

Long pepper, Fiper vspadinervum Piperaceas

Melia azsdarach Maliaceas

Jatropha gossypifolia

Exiract
0.25% Neem ail

Hexane and ethanol
extracts of seeds

Ethanolic extract
from sseds
Ethanol extracts
from lsaves

Dichioromathane
axtracts of wood

Mathanol extracts
of roots and othar
aenal parts
Essentiad oil from
seeds

Ethanclic extracts
of leaves

Euphorbiaceas Ethanolic exiracts

of lsaves

Euphorbiaceas Castor oil

and Ricinine
(seed exiracts)

Mode of action Reference

Larvicdal with up 0 80%  Tavares stal, (2010)
mortality i e lab
Larvicidal with up %0 100% Mikolajczak

mortality i $he fab st al. (1989)

Larval growth inhibition Ansante of al. (2015)
Ovicidal Tavarss st al {2009
Insact growth reguiating ~ Caspedes

(1GR) and lanvicidal with up et al. (2000
% 95% mortaity

Mla'wadalchlqod ot al. (2005)
pupation

Affects spermatogensss Alves et . (2014)
and hence egq laying

Antifeadent to larva; sy-  Bullangpoti
nargistic with pesticide et al (2012)
Antifeadent to larva; sy- Bullangpoti
nargistic with pasticida etal (2012)
lanvicidal ef al. (2010)

Table 1. Suggested action thresholds for control of FAW mfestation m maize of different
growth stages. WAE — weeks after seedling emergence.

Crop growth stage and general Mean % plants perplot  Mean % plants per plot with
plant age with damage €22 Masses
Seedling (0-2 WAE) 15 235

Early whorl (3-4 WAE) 1-5 23

Mid-whorl (5-6 WAE) 6-10 235

Late whorl (7 WAE-tasseling) 11-20 >3

Tasseling and post-tasseling No insecticide application  No msecticide application
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CAB International. 2018. Crop Protection Compendium. 2018 Edition . CAB
International. Wallingford, Oxon, UK.
ipmworld.umn.edu/chapters/maize.htm
https:/.../peanut_insect2.aspx
www.eppo.org/.../LAPHFR_images.htm
www.dowagro.com/.../pragas/lagartacartuchos.htm
www.salk.edu/print.php?id=press_details&press
www.invasive.org/browse/autthumb.cfm?aut=31
www.utextension.utk.edu/.../fallarmyworm.htm
sistemasdeproducao.cnptia.embrapa.br/FontesHT...
mothphotographersgroup.msstate.edu/Files/Live...
http://images.search.yahoo.com/images/view?back=http
www.ces.ncsu.edu/.../lawn/note128/note128.html
http://www.springerlink.com/content/hp0016656204x350/
http://ento.psu.edu/directory/sjf4/SpodFrugiperdaPheroLures.pdf
www.pestech.com/fruitnuts.html
http://www.insectimages.org/images/192x128/5006081.jpg
http://hawaii.gov/hdoa/pi/pg/pg-images/2005_0601Image0005.JPG
www.clemson.edu/.../veg_fruit/hgic2218.html
http://www.aces.edu/pubs/docs/A/ANR-1019/index2.tmpl
http://entnemdept.ufl.edu/creatures/field/fall_armyworm.htm
EPPO Reporting Service NO. 6 PARIS, 2017-06
http://FallArmyworm_IPM_Guide_forAfrica.pdf
http://FAO develops a mobile phone app to monitor Fall Armyworm (FAW) in Africa E-
Agriculture.htm.
http://fao_rtea_presentation_at_the_fao_somalia_cluster_meetingea.pdf.
http://General information note on fall armyworm Spodoptera frugiperda J-Final version.pdf
http://Fall Armyworm in Tanzania and East Africa_Nairobi_Tanzania - United Republic
of 6-28-2017.pdf.
http://Fall Army Worm Training Manual.pdf
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