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The natural enemies of the fall armyworm Spodoptera frugiperda and
their application in biological control programs

TANG Pu  WANG Zhi-Zhi WU Qiong LIU Yin-Quan SHI Min
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(Zhejiang Provincial Key Laboratory of Biology of Crop Pathogens and Insects, Ministry of Agriculture Key Laboratory of
Molecular Biology of Crop Pathogens and Insects, State Key Laboratory of Rice Biology,
and Institute of Insect Sciences, Zhejiang University, Hangzhou 310058, China)

Abstract The fall armyworm, Spodoptera frugiperda (Smith) (FAW), is an insect pest that feeds on more than 80 crop
species with the adult moth able to move over 100 km per night. FAW was first detected in Yunnan, southwest part of China in
early 2019, and rapidly spread to 18 provinces within China by May this year, which seriously threatens the food and income
security of millions of farmers. The development of emergency prevention and control technology at present and sustainable
management technology in the near future are extremely urgent. Based on the studies of the pest’s biology in the Americas and
the experiences of management for this pest in Africa, we summary the knowledge about the species of the natural enemies
(biological control agents), including entomophagous insects (parasitoids and predators) and entomopathogens (viruses,
bacteria, fungi and nematodes), the biology and characters of the main group of natural enemies, the mass rearing of
entomophagous insects, the small-scale production of entomopathogens, and the biological control for fall armyworm
management. We also discuss the prospects for using natural enemies against fall armyworm in China.
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Spodoptera frugiperda (Smith)

80

Montezano et al. 2018

100 km Rwomushana et al. 2018
2016
40 Goergenetal. 2016
Feldmann etal. 2019 2018 7
2019 1 5
18
5 24

1 EMREEAXEESR
1.1 XHEHRBMEHR

10 121
Braconidae 39
Ichneumonidae 40
Trichogrammatidae 11 Pteromalidae
3 Eulophidae 14
Chalcididae 10

Perilampidae 1

Eupelmidae 1

Platygastridae 1 Bethylidae 1
Molina-Ochoa et al. 2003 Silvaetal. 2014

Yuetal. 2016 FAO 2018 Shylesha et al.
2018 Noyes 2019

16 7
Chelonus formosanus Sonan
Cotesia glomerata (Linnaeus)
Cotesia ruficrus (Haliday)
Microplitis manilae Ashmead
Microplitis rufiventris Kokujev
Protapanteles creatonoti (Viereck)
Homolobus truncator (Say) 4
Campoletis chlorideae Uchida
Enicospilus merdarius (Gravenhorst)
Mesochorus disceitergus (Say)
Pimpla rufipes (Miller) 2
Euplectrus platyhypenae Howard
Trichospilus diatraeae Cherian and
Margabandhu 2
Trichogramma minutum Riley

Trichogramma pretiosum (Riley) 1
Telenomus remus (Nixon)
Noctuidae Spodoptera

Soodoptera litura (Fabricius)
Spodoptera exigua (Hiibner)

4 66

Bombyliidae 1 Phoridae 1
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Sarcophagidae 6 Tachinidae 58

Molina-Ochoa et al. 2003

Coccinellidae Carabidae
Forficulidae
Reduviidae Lygaeidae
Anthocoridae Nabidae Pentatomidae

Prasanna etal. 2018

1.2 EEXHREHNMREEMFEHMY

1.21 FHEH#E Trichogramma

11 90
1270
28 Pyralidae
Noctuidae 164 147
2011
11

Trichogramma
pretiosum (Riley) T. minutum Riley
T. atopovirilia Oatman and Platner T. colombiense
Velasquez de Rios and Teran T. demoraesi (Zucchi)
T. exiguum Pinto and Platner T. fasciatum Perkins
T. galloi Zucchi
Nagaraja and Nagarkatti Trichogrammatoidea
eldanae Viggiani Molina-Ochoa et al. 2003
2013 Noyes 2019

T. pretiosum
93.79% Beserra et al.

2002 Salas Araiza 2018

T. koehleri Blanchard T. rojasi

Dequech €t al.

T. pretiosum 25+0.55
70% £ 2% 12h
84 £ 0.72 d
1.186 + 1.16 d 4024 +
5.37 47.96%

26 £ 1
70%+10% L:D=12:12
T. pretiosum
10d T. pretiosum
T.
pretiosum 18 20
15-17 d 99.51%-100.00% 30
32
2d 8891% + 0.87% Bueno et al.
2010a
Telenomus remus Nixon
Nixon 1937
1-2
250

Carneiro etal. 2010 Penafloretal. 2012

25+1 70% + 10%
L:D=12:12
10d
70% 15-32
15 32
15-32 24 h
121.05
20 58.73 +
8.85
15 20
15-20 d Bueno et al.
2010b
Bueno
et al. 2014 Corcyra
cephalonica

Queiroz etal. 2017 Vieiraetal.
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2017
Chelonus insularis Cresson
4
Zenner et al. 2006
28.6 d 5-18d
11.6d
3d
48.1-92.2 3-6d
72%-80% Prasanna et al. 2018
10% Escribano
etal. 2001
151
Prasanna et al. 2018
6.63% 21.96% Molina-Ochoa €t al.

2004 Murua et al. 2009

Campoletis flavicincta

(Ashmead)
3
2294d
150 Patel and Habib 1987
14.1 1
Dequech etal. 2005 Prasannaetal. 2018
8.5-9.3d
60% 6d
91%

3-4d

Neto etal. 2005

122 HFHtd Winthemia trinitatis

(Thompson)
5
6
30%
Prasanna etal. 2018
Archytas marmoratus (Townsend)
75%
4
Carpenter
and Proshold 2000
Helicoverpa zea (Boddie) Galleria
melonella (L.)
Gross and Johnson 1985
Bratti 1993
Lespesia archippivora (Riley)
25
15-204
3
10-14d Prasannaetal. 2018
123 fRMIE Coleomegilla

maculate (De Geer)

6 mm 6
10-20
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Hippodamia convergens 4 mm
6 mm
6
10-20 Orius insidiosus Say Nabis
4 rugosus (L.)

Olla v-nigrum (Mulsant)

Podisus maculiventris (Say)
21

20d
Cycloneda sanguinea (L.)

Prasanna etal. 2018

20 4 2 KBEHHAXEEE

8d
15d Prasanna 20
etal. 2018
1.24 HtiERMXE Calosoma granulatum
(Perty)
25-30 mm
3
12d
83 d T. remus
Doru luteipes Schdder
C. insularis
25 30 C. flavicincta
37-50 d
Prasanna etal. 2018 5
Zelus longipes (L.)  Z. leucogrammus (Perty) 2542
Z. armillatus (Lepeletier & Serville) 70%+10% 12 h
5d 3
1.3-1.9 cm 150 3d
24 h

Geocoris punctipes (Say) 8 3d
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7d

229d

14.5d 7.3d

16.9%

3 EMAREMNERFEHEY
30 ERBEERMEYMNEERE

3.1.1 /e
Moscardi 1999 Barrera et al.
2011
SIGV
STIMNPV
Behle and Popham

2012 Gomezetal. 2013 Haaseetal. 2015

PIB

6-8 d

7%

Hamm and Shapiro 1992
Cisneros et al. 2002
6-8
8-10
2.5x10"" PIB /hm?
79.2%-97.2% 2 2
3d 86.6%-100%
SPOBIOL
Certis LLC
1.5 cm
1% Cisneros etal. 2002
Gomez etal. 2013
3.1.2 HE
Bt
5-
Bt
Bt
Bt aizawai Bt thuringiensis
Polanczyk et al. 2000 Bt kurstaki
da Silva et al. 2004
Bt

Cry
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Monnerat €t al. 2006

Bt
Cry Bt
Barreto et al.
1999 Bt Bt aizawai
313 ERE
Wraight et al. 2010
3
2
30%
314 %
Heterorhabditis bacteriophora
Heterorhabditis indica
Seinernema car pocapsae

23 000

Shapiro-Ilan et al. 2006
Garcia 2008

280 Seinernema
sp. 3 100%
400
75% Molina-Ochoa
1999 S. riobravis
IPM

Kaya 2006

IPM
IPM

32 BHBEMEMHARLE~
1984

Valicente  Tuelher 2009 Valicente 2010
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4 EMREHAEMIBG Kk
4.1 FHEEAOBFBNA

Wang etal. 2014

T. pretiosum
Correa
Figueiredo 2015
79.2%
19.4%
Cave 2000
Carneiro et al. 2009 Bueno et al. 2010b
Figueiredo etal. 2010 Pomarietal. 2013b
20 80
Lobo Lina and van Harten 1985
Kenis et al. 2019
5 000-8 000 80%-
100% Pomarietal. 2013a 2009

Spodoptera

exigua  Hiibner
5000
45 m
74.99%-79.95%
25 m

87.71% 2010 2012

2013

Neto 2004

50%
11%
Neto etal. 2004 Matrangolo et al.

2010

6.63%-21.96%
Molina-Ochoa et al. 2004 Murua et al.
2009 C.insularis
Trichogramma Telenomus

C. insularis

Cotesia icipe Fernandez-
Triana & Fiaboe Cotesia marginiventris Cresson

Campoletis sonorensis (Cameron)

Jourdie etal. 2009 2010 Desneux €t al.
2010 Prasannaetal. 2018

4.2 D PFERERMESRS I
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