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Natural Enemy Insect Resources of the Fall Armyworm Spodoptera frugiperda, Their
Application Status, and Existing Problems and Suggestions
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(Institute of Plant Protection, Chinese Academy of Agricultural Sciences/USDA-ARS Sino-American Biological Control Laboratory,
Beijing 100193, China)

Abstract: Fall armyworm, Spodoptera frugiperda (Smith), is a major agricultural pest originating from the tropical
and subtropical areas of the Americas. It characteristized by fast migration, broad host range, high reproductive
capacity, strong damage ability, and wide adaptability. Nowadays, S. frugiperda has already spread to 21 provinces
(city, municipality) in China since it invasion into China at the beginning of this year. It is seriously threating the
development of China’s corn industry due to its establishment in China. In this paper, the parasitic and predatory
natural enemy insects of S. frugiperda and their application status were summarized. Meanwhile, existing problems
and advices for the development of natural enemy insects were suggested. The review is expected to serve as a
reference for further studies.
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Table 1 List of parasitic natural enemy insects of fall armyworm

A H B i R BTN
Host Order Family Species Reference
Ul Egg JB# H Hymenoptera iR} Braconidae FIEAE AR I Agathis stigmatera (Cresson) [14]
Chelonus antillarum (Marshall) [15]
Chelonus cautus (Cresson) [16]
ROk % Chelonus formosanus (Sonan) [17]
5 % Chelonus insularis (Cresson) [18]
Chelonus sp. [19]
Z IS4 F} Scelionidae TRk 504 Telenomus remus (Nixon) [20]
Telenomus sp. [15]
FRAREFR} Trichogrammatidae — WEE/RHRIE Trichogramma achaeae (Nagaraja and Nagarkatti) [17]

KRIFMRWE Trichogramma chilotraeae (Nagaraja and Nagarkatti)  [17]

W RIR I Trichogramma chilonis (Ishii) [21]

Trichogramma colombiense (Velasquez de Rios and Teran) [22]

Trichogramma demoraesi (Zucchi) [23]

UG /RIRIE Trichogramma exiguum (Pinto and Platner) [24]

F ¥ /RIR G Trichogramma fasciatum (Perkins) [25]

Trichogramma galloi (Zucchi) [26]

BT HR AL FR MR 4% Trichogramma koehleri (Blanchard) [22]

TN IRIRE Trichogramma minutum (Riley) [27]

R IRIRYE Trichogramma pretiosum (Riley) [28]

BRI IRIRYE Trichogramma rojasi (Nagaraja and Nagarkatti) [29]

Trichogramma sp. nr. mwanzai (Schulten et Feijen) [30]

Trichogramma atopovirilia (Oatman and Platner) [28]

Trichogrammatoidea eldanae (Viggiani) [22]

. Larva X##H H Diptera 1T R} Bombyliidae 51T Poecilanthrax (Anthrax) lucifer (Fabricius) [15]
IR Phoridae Megaselia scalaris (Low) [31]
Megaselia sp. [15]

iR} Sarcophagidae Helicobia morionella (Aldrich) [15]
Rivinia assidua (Walker) [27]

Sarcodexia sternodontis (Townsend) [15]

Sarcophaga georgiana (Weideman) [15]

[NHRIRIE Sarcophaga lambens (Weideman) [32]

Sarcophaga sp. [15]

27 MR} Tachinidae Acroglossa vetula (Reinhard) [33]
Admontia degeerioides (Coquillett) [27]

I Ui % Wk Archytas analis (Fabricius) [34]

Archytas apicifer (Walker) [15]

Archytas incasana (Townsend) [34]

ENRUHZF U Archytas incertus (Macquart) [34]

KERLLUH 25 W Archytas marmoratus (Townsend) [34]

Archytas plangens (Curran) [34]
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Archytas sp. [15]
Chetogena sp. [15]
Cuphocerini sp. [15]
fuf 25 W8 Eucelatoria armigera (Coquillett) [15]
W7 70 Eucelatoria australis (Townsend) [15]
Eucelatoria bryani (Sabrosky) [15]
Eucelatoria guimaraesi [15]
Eucelatoria rubentis (Coquillet) [35]
Eucelatoria sp. [36]
Euphorocera floridensis (Townsend) [15]
Euphorocera sp. [15]
KA RFE 1T W Euphorocera tachinomoides (Townsend) [37]
PEURIE 51 Exorista mella (Walker) [37]
Gonia (Reaumuria) pacifica (Townsend) [38]
[ A 25 W Gonia capitata (DeGeer) [27]
Gonia crassicornis (Fabricius) [38]
Gonia sp. [15]
Gonia texensis (Reinhard) [15]
Hyphantrophaga collina (Reinhard) [15]
2 [ (k7 ¥ Hyphantrophaga hyphantriae (Townsend) [27]
Incamyia chilensis (Aldrich) [39]
Lespesia affinis (Townsend) [40]
FERL U2 W Lespesia aletiae (Riley) [41]
FR IS 75 W Lespesia archippivora (Riley) [34]
Lespesia frenchi (Williston) [27]
Lespesia grioti (Blanchard) [34]
Lespesia sp. [34]
Linnaemya annalis (Townsend) [15]
Viildk 320 75 W Linnaemya comta (Fallen) [15]
Linnaemya sp. [42]
UER) R 2 W8 Lixophaga diatraeae (Townsend) [43]
Nemorilla pyste (Walker) [44]
Palexorista zonata [45]
Parasetigena sp. [38]
Patelloa similis (Townsend) [15]
Patelloa sp. [34]
Peleteria robusta (Wiedeman) [15]
SE3RF 5 W Phorocera claripennis (Macquart) [44]
% FLIA 25 W Phorocera floridensis (Townsend) [15]
Pronemorilla mima (Townsend) [33]
Pseudokea sp. [15]
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Host Order Family Species Reference

Tachinidae sp. [15]

LR 7508 Voria ruralis (Fallen) [34]

Winthemia leucanae (Kirkpatrick) [15]

Winthemia mima (Reinhard) [34]

21 R 75 WE Winthemia quadripustulata (Fabricius) [15]

Winthemia reliqua [15]

Winthemia roblesi [15]

Winthemia rufopicta (Bigot) [44]

Winthemia sinuata (Reinhard) [37]

Winthemia sp. [34]

i 75 W Winthemia trinitatis (Thompson) [34]

Ji# H Hymenoptera %%} Bethylidae Perisierola sp. [46]
Hil% Rl Braconidae Aleiodes caphimal [47]
Aleiodes sp. [34]

Aleiodes terminalis (Cresson) [15]

Aleiodes vaughani (Muesebeck) [48]

H % Alieodes laphygmae (Viereck) [49]

Bassus sp. [15]

JEICHLE Bracon kirkpatricki (Wilkinson) [15]

TR EE Cardiochiles nigriceps (Viereck) [50]

x| L T 850 Chelonus texanus (Cresson) [51]

Cotesia icipe (Fernandez-Triana and Fiaboe) [52]

Distatrix sp. [15]

Dolichozele koebelei (Viereck) [53]

Exasticolus fuscicornis (Cameron) [54]

LRI W% Glyptapanteles creatonoti (Viereck) [55]

Glyptapanteles militaris (Walsh) [31]

Gnathopleura sp. [15]

FIRFL N Habrobracon hebetor (Say) [56]

HREF I H% Homolobus truncator (Say) [15]

Macrocentrus sp. [36]

Meteorus arizonensis (Muesebeck) [57]

H 2= PR % Meteorus autographae (Muesebeck) [58]

BRI Meteorus laphygmae (Viereck) [59]

Meteorus sp. [15]

18 B A Meteorus vulgaris (Cresson) [27]

JHAT AL VA Wil Microplitis croceipes (Cresson) [60]

Ey JR R ML B Microplitis manilae (Ashmead) [61]

2L VA % Microplitis rufiventris (Kokujev) [62]

W [CIUY2) B Microplitis similis (Lyle) [63]

Microplitis sp. [15]
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Palinzele sp. [17]
IRIT WK OR W% Protapanteles creatonoti (Viereck) [22]
TR SRk W 5 Rogas laphygmae (Viereck) [31]
Wi Rogas vaughani (Muesebeck) [31]
Stantonia sp. [15]
/NEFL Chalcididae Conura (Ceratosmicra) hirtifemora (Ashmead) [64]
Conura (Ceratosmicra) immaculata (Cresson) [15]
W Ak i /N Conura (Ceratosmicra) meteori (Burks) [65]
KIBBE/NE Conura (Spilochalcis) femorata (Fabricius) [15]
Conura igneoides (Kirby) [15]
WE/NgFRE Eulophidae KJEMi/NEJE Aprostocetus sp. [66]
Hi#s L 7 /N Euplectrus comstocki (Howard) [67]
Euplectrus furnicus (Walker) [34]
Euplectrus hircinus (Say) [47]
Euplectrus insularis (Howard) [48]
Euplectrus marginatus (Ashmead) [15]
KPHLE /NG Euplectrus platyhypenae (Howard) [68]
Euplectrus ronnai (Brethes) [15]
Euplectrus sp. [15]
Horismenus sp. [66]
Trichodischia caerulea (Bigot) [38]
FERUE /N Trichospilus diatraeae (Cherian and Margabandhu) [69]
Trichospilus sp. [15]
iEd% R} Ichneumonidae Amblyteles sp. [15]
Ancyloneura sp. [15]
Anomalon ejuncidum (Say) [58]
& G EWE Campoletis chlorideae (Uchida) [55]
Campoletis curvicauda (Blanchard) [15]
W Ui JE Wi Campoletis flavicincta (Ashmead) [49]
Campoletis grioti (Blanchard) [34]
Campoletis oxylus (Cresson) [15]
MRS iR Campoletis sonorensis (Cresson) [49]
Campoletis sp. [15]
Campoplex sp. [15]
Charops ater (Szépligeti) [45]
Diadegma sp. [34]
G Eiphosoma annulatum (Cresson) [33]
Eiphosoma laphygmae (Costa Lima) [70]
Eiphosoma sp. [15]
Eiphosoma vitticolle (Cresson) [71]
Enicospilus flavus (Fabricius) [15]
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ANSNUE R Enicospilus merdarius (Gravenhorst) [22]
Goryphina sp. [15]
Hyposoter annulipes (Cresson) [72]
Hyposoter sp. [15]
Isdromas lycaenae (Howard) [64]

B 22 S Wi W% Mesochorus disceitergus (Say) [64, 65]
Microcharops anticarsiae (Gupta) [48]
Neotheronia sp. [31]
S [CIU @ % Netelia sayi (Cushman) [50]
Netelia sp. [73]
Ophion ancyloneura (Wichsee) [34]
Ophion bilineatus (Say) [27]
Ophion flavidus (Brulle) [34]
Ophion merdarius (Gravenhorst) [15]
JE il Ophion sp. [15]
Parania (Atrometus) tricolor (Morley) [15]
21 )¢ IR 8% Pimpla rufipes (Miller) [22]
Pristomerus sp. [31]
FA VG R WE 4% Pristomerus spinator (Fabricius) [74]
Sagaritis dubitatus (Cresson) [27]
Temelucha difficilis (Dasch.) [58]
Temelucha grapholithae (Cushman) [75]
Temelucha sp. [48]
Trachysphyrus cleonis (Viereck) [73]
FL g /NERL Perilampidae U i 4¢3 I8 /N Perilampus hyalinus (Say) [15]
4x/NER} Pteromalidae Catalaccus aeneoviridis (Girault) [65]

Trichomalopsis viridescens (Walsh) [64, 65]
1 Pupa J65# H Hymenoptera /MEF} Chalcididae Brachymeria ovata (Say) [34]
Brachymeria robusta (Cresson) [15]
i /NgF} Eulophidae Trichospilus pupivora (Ferriere) [36]
Ui %A} Ichneumonidae Cryptus albitarsis (Cresson) [76]
Diapetimorpha introita (Cresson) [77]
Ichneumon ambulatorius (Fabricius) [15]
Ichneumon promissorius (Cresson) [15]
Vulgichneumon brevicintor (Say) [76]
GR+4y e J55# H Hymenoptera #5047} Braconidae H BT 0% Chelonus curvimaculatus (Cameron) [56]
Egg+larva Chelonus maudae (Huddleston) [56]
Coccygidium luteum (Brullé) [45]
H W Rk 2555 % Cotesia (Apanteles) congregata (Say) [72]
Cotesia (Apanteles) sp. [36]
SERYIERL 9K 5% Cotesia glomerata (Linnaeus) [36]
LYK HE Cotesia marginiventris (Cresson) [48]
WEHS 4% H ¢ Cotesia ruficrus (Haliday) [17]




55 Wi kA5 i O R R B R BRI IR B A A 1 I A 665
*2 HHAWHHHRMEREER
Table 2 List of predatory natural enemy insect of fall armyworm
H Order Fl Family Fl Species 22 Tk Reference

#3 H Dermaptera WG} Forficulidae Diaperasticus erythrocephalus (Olivier) [56]
Doru lineare (Eschscholtz) [78]

Doru luteipes (Scudder) [79]

Doru taeniatum (Dorhn) [9]

Forficula sp. [55]

Labidura riparia (Pallias) [80]

Mg Anisolabididae Euborellia annulipes (Lucas) [81]

M H Coleoptera F R} Coccinellidae KBEK R B Coleomegilla maculata (De Geer) [82]
ML IAFH Cycloneda sanguinea (L.) [56]

Eriopis connexa (Mulsant) [56]

S B Harmonia axyridis (Pallas) [56]

LENTSH Hippodamia convergens (Guérin-Méneville) [56]

Neda conjugata (Mulsant) [56]

MABEIR B Olla v-nigrum (Mulsant) [56]

5 H R} Carabidae Calleida decora (Fabricius) [83]

Calosoma alternans granulatum (Perty) [84]

Calosoma granulatum (Perty) [56]

Calosoma sayi (Fabricius) [85]

Megacephala carolina carolina (L.) [86]

-3 H Hemiptera F1EF Reduviidae Sycanus indagator (Stal) [87]
PP Zelus armillatus (Lepeletier and Serville) [56]

KA BB Zelus leucogrammus (Perty) [56]

KRB Zelus longipes (L.) [88]

AT PN WG Zelus renardii (Kolenati) [89]

KIHF Lygaeidae PR KHR K% Geocoris punctipes (Say) [90]

HEFEKHRKSE Geocoris uliginosus (Say) [90]

1EI%Fl Anthocoridae BEVE/NIEWE Orius insidiosus (Say) [90]

RIE/NAEME Orius sauteri (Poppius) [91]

Wil Nabidae Nabis capsiformis (Germar) [92]

Nabis rugosus (L.) [56]

1% %} Pentatomidae W% Arma chinensis (Fallou) [93]

s MALAHYE Euthyrhynchus floridanus (L.) [94]

wilils Picromerus lewisi (Scott) [95]

Podisus connexivus (Bergroth) [96]

BEIEHRI B i Podisus maculiventris (Say) [97]

MW ZE s Podisus nigrispinus (Dallas) [98]

Supputius cincticeps (Stal) [99]
Jik## H Neuroptera ISRl Chrysopidae Ceraeochrysa cubana (Hagen) [100]
K¥EWs Chrysopa pallens (Rambur) [101]
il S Chrysoperla carnea (Stephens) [102]
Chrysoperla externa (Hagen) [103]
5% H Hymenoptera R} Formicidae Ectatomma ruidum (Roger) [104]
41 KUY Solenopsis invicta (Buren) [76]
THIEEL Vespidae Stelopolybia pallipes (Oliver) [105]




666 BOE A BT R A iR 935 4%

AR AN HAH SE 4 S 37 F IR 78 BRAS A3 R — MR RE DI R &« MEMEAEPIE ST 5 d 1= DR &
BTHRE ) T6%LA b o RO R P S — R FH T AR IR VG S I AR 1963 A N ELATET LN SN EFEI,
2 XS INBE o E KU, IR Fbr, AR 5000 Sk TR ELE 3 R PSR 3 IR S B )
O TR TR A . BN H G R AR I, R BRSO 55 30~1400 m 5 P B 0 R0k Fr B AR
N 78%~100%, FERE BRI 11 2000~2200 m XI5 2N 60%~83%. b FEIE B R HUE RUFH e £ Y
TR A B TI8 B B A (5 ORI, 1991—1994 4 ZE T4y 0 7 K FH M1 v 2 PR TS0 Ik B B e i 3
R, ANF A 2 18] (025 A R AE 20%~92% 50 45 LA 75000~ 105000 3k/hm” 10 5 e J ) 25 4= S A6
B, MR 35000~50000 Sk/hm® J5 (127 45 R . ROk 22 i H TR 22 AN T S0 R S0l R4 52
e T AR E R 1 D S A B2 a1 o 2 A SO 70 N/ R L P R Y I ST O L

Figueiredo 25! "7 [ PG4T ML K K BB U R IR G IS T A R B, AT 79.2% 10 55 b 5 A0k B el 2 74
S IR EL, RO D IR BRI T 701 ke/hm® s A4 AR B P2 19.4% A1 96.5 3670, (LM
R YR Doru luteipes . Orius sp.Fl! Coccinellids X 551 57 42 ik 4)) HURN B A i £ 20 901 4 21.57%-
1.22%71 0.5%. Neto 252002001 4575 75 K PR AN [7) 25 J85 A B 1A TS 00 066 s 95t S B R 40 vR S i 24 B
BRARS, AH R R DRI (1) 0T 250 R 27 A MR PR P LA 25 AL BR TR ANAE AR 3 22 5 o AR T BT 75, T 15
XA 30 X 2R IR , TR T B 15.44%F0 11.59%. BRIt Ab, SE R 50 05 5 A ik 574 b B FH 11
PRI A B I B | IR R G L AR /N I | DY B R IS G | Aleiodees laphygmae (Viereck) « Campoletis

sonorensis (Cameron) L} %5 /E08 Lespesia archippivora (Riley) F Archytas incertus (Macquart) 2503131,

SEEREIT Rl PN D O Eb: A N W R o N B O N e =g 18 D T T TR 20015 B S AN ol N2
TRk e EBR AN AEY R (CABD ZEAEY 12 AN FOKRA 7 AT AR, A I LAl
b DT RO AN M M R OR AR P T AR 830 5t A2 2060 JT t [ . BRIE, A T RCH ST A0 TPM R,
St 24t AR AR S e N, ZEIH AT SREER LT RS SR A R R L 5 RRAK
TEAEDARI SE PN ) O AN 25 A MR, il A& 4 FPIBSH# H - Cotesia icipes Charops aters Coccygidium
luteum- Chelonus curvimaculatus 75 MR 1 FXEHA H Palexorista zonata 75 MR . 7615 JE WHIHZ JE T,
Charops ater Fl Coccygidium luteum 323545 W1, HZ5 225350 6%~12%F 4%~8.3%. Il Cotesia icipe
R TR SF, 254N 33.8%~45.3%!"). Shylesha %517 EIV & - 4y 14 5 10 1 18 2 vp R I
Telenomus sp.F! Trichogramma sp. PP UR 25 420, Glyptapanteles creatonoti( Viereck) Fll Campoletis chlorideae

(Uchida) PiFh&h s 25 A DL S 1 Rl - 75 A2 e . Forpr, Bt S0 A2 2 FKIC K1 G. creatonoti T3
AR, IR AF ARG AT A RS RN T R G AT AR A A MR T ) R S R AT AR A 1) A AR e

Pl B P R L AR 3 AR B v L R RS TR WS R B, Doru luteipes ~F-25) 53 51 26.6
B, BRI H A ol A DR AT 4 B D Rk 4 L 12 A 21 ko HH TRV ZG R0 IR R B, 0 B b 3 RO 75 /3 AF
R 2570 —GUORTR G . IR BESEX) Doru luteipes A M R M . LA H, Doru luteipes %}
B S AIAT AR G ( T o E OR EL HRU S  FH r  lo b P  d f e ELEC  b
Ja KB IRDL R (4 B 1 R R U IE A I PR RO KA N F RSB T R EEP R Y —,
Cereaochrysa cubana %)) JU{E WU RO SOOI N IS 1R R 6 D S LB 8 5 ST . ] R DAL Ay 0 b £ 1300 BN
W 78 HE FEW TR Cereaochrysa cubana 3RATE i A I 28 f 7 42 4 A1 OO0
22 BHEIERENAXSEERFIEER RIS B RER

TEFRIE, i AR NP R B AR ) ORI 0T RS U ST 20 28 56 T e 17 S FH DR B H 97 488 2 5 Ak
TR TAE . NI R, Ml 5 W UhE H I 2 vl & 6 W HEh DAk 4 1 3.175 ko i
T EAT ARSI, Wyl v e R DT RO S o TR RS A A AR RN IL o 7R VRIS
VIR G, Wi o BEAS ) 00 45 I il A% 5 A OR B VEHIR 2 A0 TR NS AR N IR . AR 25060005
WS U5 2 R S R BRI A0 P Y T 8 M 2 P R IR A s AR JE kS SB[, Asg
B = AR W AN [ e SO et D Ak 4y R R e . SRR, WO M DT 3. 4. 5 Al
) H e KA B B M2 59, 23 19 Sk Az S 7 25 it B M S MR A £ D A S N RIS b A B
il 5 WA AR H B nT il B SO, 6 WAL HL 4.671 ko (HILAERE &AT A Uy T SIS AR ZE T, a0



555 3 BRSO T RO ) R R OB R BCIR S A A T ) 667

W P BRI 2 e o KA ) AR e T, SRS FE S OB s TS T s i, 2R A RIS A
SRS MR AR YR SE AR SL T T — Sk AE W, WA IS TR] N R DE R B A o 3 — R RO T4 1l B ) B0 )
O SRR R ghAh, WA m R T S, SR BhI S W AR R B,
MR W AE 9 min WRIIFBUE T UL, AEBES5Y) 1 om I o TR By, K BT il N 5 3 57 70 i
PR IR IR 25 AR, FEor WA R ) T BRI, e 2% b O 0 PR VU T2 O AR N AL 2R 28 H A
(11279 N = O B R (R VA ER T S N <N S R4t I B e (S N W NN A R )
by AL P2 AR

FRIERHIT N 53 75 50 1 5 A0k 27 A2 MR B e 7 T AR T ARSI TR AR — 8 R o AR 2R M [X
e B PR R T U R e A B S 71 IR R T O e P e O T AR, HLAE R A ol R I P e AR
e T A ] — O AR NIk, ARSI B I TR ol PR B R IR A R OK S o T RER . BRI I
P AN VA SO e 27 A Bt DT 0k 2~4 B84l e, DL S L SRR G, R AT AR BEL 4tk N
PR AAE LTI, AR KA E B G T ST MR LT R A I 558 Y 3 Ph Rt s gk o 25 20, 4>
A FRARYE Trichogramma sp. nr. mwanzai Schulten et Feijen. i 22 SMEFI i L% Chelonus sp.. 7EE W
BE W R RIR W w] 78 b (0] 25 KK Coreyra cephalonica (Stainton) BF Ll Zh 27 A=, 1 HoAth P s n 7E 51
LUk Spodoptera litura (Fabricius) YNAIEH A UK Spodoptera exigua (Hiibner) YN L3542, W9 A T —
ST O D RO AR T A B H R AR AL T S R, N HET R R AR B 16 i
B 5E T HAR,

3 FREEREE R LA EFER 5]

M DR T R ARG AR A BN IR S O SO E T UL KBS bR
B IR AR vE Al AR R R BRGSO T AL, AR I A SRR I D R
Bridasit 5 o 20 ] A A b S ik AR 87 v R L g 5 B S T TR R, B KRR AL “ LA
A7 AR B D AR A T AT B R R I AR TR E 5K, R DR R Y R R S T — 1)
R, HAR R

(1) BURFRF R H M ke g B R0 S A P A A1

JUE IR AR B E A AR R A B Bk Ge i Geve,  Hoh it s W B BN T R w4, 1
FH— 3853 08 8 FH T A2 A 24 R0 2 UBRRT RO BRI 1y FH T DR B H 7 i SR D B MK T 1) % 4 00
FET L. IR, EEFSGANBEARHE) 5T D RE R B e T Bk Bl Ry )
FEAE , DLAS 76 L 2050 H I TE N R K i 8 o 1 U e )= 1 o

(2) FERFE BP0 A A r= RS 7E 11559

AN AL TP b 2583 L HER R R T B A T BB R 250 TAR R, C8ICEN IR 254
FEANEZ IR TR, AR A K B AR TR R HE B SRR B AN A T 5, R
B AP R s RO 28 . HAT, FRENAA B 2 1R FREAE = Ak, HKHS 73 #4 B i
BT RHRAL, PSRN, BRI RS, S MBI mAK LA =4 0m, Mol A R, DUET
ANBERAL RS E R, A6 2 TT RER HU™ i I TC72 S IR B, AN i A SE R AR P~ I 75 SR o T L
BRAL AN B SRR BB T BOH 2r RR B W AR = O A B TSR 2, BUE AR RO REH 2 .

(3) R A i N T EH (o AR b ok

RS H= S A B (PR R AT 0 N T B R Bk A iy o KRR J™= WO W R 2E W), AR T4k
RO T, HA A, RAIERE . — M OLR, F P RSB DR R L i S 0 R T P A
F, o PRI R R B d AR = A bl AN o] BEAR A A A — R KA it AR = Bl it A7 ™=, A 2T B . R
AR T AR N AR S AR SR Z A, P AT B gt 5 B4R — e R R . R e A
I 2 4 G R R RS 1)y e B DA BB VA B AR S . BRI N T % WA ORI )y
TH] S BERE AR PRdl 2 2 R U b R R 1) o — 300

(4) BEJEXF RS HP= S (0 A S B R0 R FH AR e =2



668 BOE A BT R A iR 935 4%

B ACEAHE) BT AR N U R B R S TN R 58 WA BRI AR L & T ANRE IE Wi d
AR HIRE S BA R R T, ot S AR 2y BRI AN, BT RR IR
BRI T ERPG T R G, H sk Z 6 BRI SR LRI LRSI RS T il 14
TN _E B LA S RE Ay S PR A A R AR AN RS A A 917 96 01 5 Tttt B AR A R — AN IR 3

4 FEXBERSARMEXEIN

BT DU BER FE I B BN 7 T AE R 1), 545 TR A A B e AR A B 5K (R e 36 A L R ELIR
X R R R B R PR e R DL A

HG, EBUBUR TR R B WA GER GG VW, HEINOR A R ™ Sh K LU EE, IR AR I
AT ORIB I 5 A DGBSR3 R AR AR A Jig 5 A0 W SBU% <8 5 T I T AR B o X+ BASR B Ay
A7 B A AR P IR ™ AP SBORE I R A S P I BRI SR, ST ™ i W AR B ANV
W, AN LAY, AT M S ReAS s BB 5| i s FOR B ™ by, A ORECR e A
HIREEAA B AP IR A P ORI AL

Fo BRERE R IR PHEAFAE A DM B, T80 R R AL iU RHE A7 55 4
WRFIEAE REN N, HESRM G S AR A . SERORTER A . 2D 3 R R
U RIS H - AR EOR, R A BOBCR L« I T8) LA 7 i BRSO R ™ A% T R e
Ktbo PEHER RIMEEH 5N L OSBRI ANH, FTH 3R E R R dU™ L 5e 4 7

IJi s A PARNAEAIEE T VAU AR SIS R B BB AR Wb (R A I B, JEAEB G
BRI BIEAN A A2, BB sOR RS TBAEAR T UL “BG I, #1095 7 105 X015 12 5
R RIS P, $RTH) KA RO A R B U™ Wb (RN R BE T AR AR s A i v By 3 i
P ARER RO 2 (B P I R BE AR S . IR AR R A B R L e % B A e, RS U5 3 ]
TR PR T A EEAE T, SEBURAE Y IR I TE FAGVA BRI A AT RS R

& & X

[1]  Todd E L, Poole R W. Keys and illustrations for the armyworm moths of the noctuid genus Spodoptera Guenée from the Western Hemisphere[J]. Annals
of the Entomological Society of America, 1980, 73(6): 722-738.

[2]  Montezano D G, Specht A, Sosa-Goémez D R, et al. Host plants of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the Americas[J]. African
Entomology, 2018, 26(2): 286-300.

[3] Deshmukh S, Kalleshwaraswamy C M, Asokan R, et al. First report of the fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae),
an alien invasive pest on maize in India[J]. Pest Management in Horticultural Ecosystems, 2018, 24(1): 23-29.

[4]  SBSRIE, fUHER, EIRE. HHOTBORM YR RSB RT). N AR, 2019, 56(3): 361-369.

[5] Early R, Gonzalez-Moreno P, Murphy S T, et al. Forecasting the global extent of invasion of the cereal pest Spodoptera frugiperda, the fall armyworm([J].
NeoBiota, 2018, 40: 25-50.

[6] Goergen G, Kumar P L, Sankung S B, et al. First report of outbreaks of the fall armyworm Spodoptera frugiperda (J. E. Smith) (Lepidoptera, Noctuidae),
anew alien invasive pest in west and central Africa[J]. PLoS ONE, 2016, 11(10): e165632.

[7]  Feldmann F, Rieckmann U, Winter S. The spread of the fall armyworm Spodoptera frugiperda in Africa—What should be done next?[J]. Journal of Plant
Diseases and Protection, 2019, 126(2): 97-101.

[8]  AELAMHARMET MRS . FEAE RS 7 0). TR R SOk RN 25 7 A N B TF R A I M [R]. 2019. https:/www.natesc.org.
cn/Html/2019_01_29/28092_151760_2019_01_29 457209.html.

[9]  Wyckhuys K A G, O’Neil R J. Population dynamics of Spodoptera frugiperda Smith (Lepidoptera: Noctuidae) and associated arthropod natural enemies
in Honduran subsistence maize[J]. Crop Protection, 2006, 25(11): 1180-1190.

[10] Gabriela M, Molina-Ochoa J, Coviella C. Population dynamics of the fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae) and its
parasitoids in northwestern Argentina[J]. Florida Entomologist, 2006, 89(2): 175-182.

[11]  SERKIk, 22R8E, dm, 5. o B BT AT R Ry X R e e AR B PRI R BT (T]. WIS, 2019, 45(3): 1-9.



555 3 BRSO T RO ) R R OB R BCIR S A A T ) 669

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
(311

[32]

[33]

[34]

[33]

[36]

Wl =, RGEW], FREAE, 4% FRER SRR B0 S-S ). M LR, 2019, 45(4): 1-6.
Quimby P C, King L R, Grey W E. Biological control as a means of enhancing the sustainability of crop/land management systems[J]. Agriculture
Ecosystems & Environment, 2002, 88(2): 147-152.
Simmonds F J. Insect pests of sugar-cane in the French Antilles[J]. Tropical Agriculture, 1953, 30(4-6): 122-127.
Molina-Ochoa J, Carpenter J E, Heinrichs E A, et al. Parasitoids and parasites of Spodoptera frugiperda (Lepidoptera: Noctuidae) in the Americas and
Caribbean Basin: An inventory[J]. Florida Entomologist, 2003, 86(3): 254-289.
Molina-Ochoa J, Hamm J J, Lezama-Gutierrez R, ef al. A survey of fall armyworm (Lepidoptera: Noctuidae) parasitoids in the Mexican states of
Michoacan, Colima, Jalisco, and Tamaulipas[J]. Florida Entomologist, 2001, 84(1): 31-36.
Yaseen M. Introduction of exotic parasites for control of Spodoptera and Heliothis in Trinidad[J]. Proceedings of the Caribbean Food Crops Society,
1979, 15: 136-141.
Rezende M A A, Cruz I, Della Lucia T M C. Biological aspects of the parasitoid Chelonus insularis (Cresson) (Hymenoptera, Braconidae) reared on eggs
of Spodoptera frugiperda (Smith) (Lepidoptera, Noctuidae)[J]. Revista Brasileira de Zoologia, 1995, 12(4): 779-784.
Valicente F H, Barreto M R. Survey of natural enemies of the fall armyworm, Spodoptera fiugiperda (J. E. Smith) (Lepidoptera: Noctuidae), in the
Cascavel region, PR, Brazil[J]. Anais da Sociedade Entomologica do Brasil, 1999, 28(2): 333-337.
Pomari A F, Bueno A F, Bueno R C O F, et al. Telenomus remus Nixon egg parasitization of three species of Spodoptera under different temperatures[J].
Neotropical Entomology, 2013, 42(4): 399-406.

SN, ER, SRR, S S A ) R LRI P B S BRI A R A R L S R[], PRBE R, 2019, 41(4): 760-765.
BB, ER, SR, S RS RO AR SOR IR I B i e RS [I]. R B AR, 2019, 56(3): 370-381.
Pratissoli D, Torres J B, Zanuncio J C. Selectivity of Trichogramma demoraesi (Hymenoptera: Trichogrammatidae) in infertile eggs of three
lepidopterans[J]. Agro-Ciencia, 1999, 15(1): 75-80.
Diaz M F, Ramirez A, Poveda K. Efficiency of different egg parasitoids and increased floral diversity for the biological control of noctuid pests[J].
Biological Control, 2012, 60(2): 182-191.
Young J R, Ham J J. Reproduction of Trichogramma fasciatum in eggs from tepa-sterilized fall armyworms[J]. Journal of Economic Entomology, 1967,
60(3): 723-724.
Consoli F L, Kitajima E W, Parra J R P. Ultrastructure of the natural and factitious host eggs of Trichogramma galloi Zucchi and Trichogramma
pretiosum Riley (Hymenoptera: Trichogrammatidae)[J]. International Journal of Insect Morphology & Embryology, 1999, 28(3): 211-231.
Luginbill P. The fall armyworm[M]. Washington, DC: USDA Technical Bulletin, 1928.
Dequech S T B, Camera C, Sturza V S, et al. Population fluctuation of Spodoptera frugiperda eggs and natural parasitism by Trichogramma in maize[J].
Acta Scientiarum-agronomy, 2013, 35(3): 295-300.
Camera C, Dequech S T B, Ribeiro L P, et al. First report of Trichogramma rojasi parasitizing eggs of Spodoptera frugiperda[J]. Ciencia Rural, 2010,
40(8): 1828-1830.
SR, PR, MK, A R LR I =R A B SR O A AR RTAR ], AR AE 244, 2019, DOI: 10.13327/j jjlau. 2019.5310.
Ruiz-Najera R E, Molina O J, Carpenter J E, et al. Survey for Hymenopteran and Dipteran parasitoids of the fall armyworm (Lepidoptera: Noctuidae) in
Chiapas, México[J]. Journal of Agricultural and Urban Entomology, 2007, 24(1): 35-42.
Fennah R G. Insect pests of food crops in the Lesser Antilles[M]. Grenada: Department of Agriculture, 1947.
Notz P A. Parasitism by Diptera and Hymenoptera of larvae of Spodoptera frugiperda (Smith) (Lepidoptera:Noctuidae) collected on maize, Maracay,
Venezuela[J]. Revista de la Facultad de Agronomia de la Universidad Central de Venezuela, 1972, 6(3): 5-16.
Virla E G, Colomo M V, Berta C, et al. The complex of parasitoids of fall armyworm of maize, Spodoptera frugiperda, in Argentina (Insecta:
Lepidoptera)[J]. Neotropica, 1999, 45(113): 3-12.
Ashley T R, Mitchell E R, Leppla N C, et al. Parasites attacking fall armyworm larvae, Spodoptera frugiperda, in late planted field corn[J]. Florida
Entomologist, 1980, 63(1): 136-142.

Alam M M. Attempts at the biological control of major insect pests of maize in Barbados, W. I.[C]. Joint symposium on maize and peanut. Paramaribo,



670 O A B e R 535 %
Suriname, Proceedings of the Caribbean Food Crops Society, 1979, 127-135.

[37] Wall R, Berberet R C. Parasitoids associated with lepidopterous pests on peanuts; Oklahoma fauna[J]. Environmental Entomology, 1975, 4(6): 877-882.

[38] Guimaraes J H. Host-parasite and parasite-host catalogue of south American Tachinidae (Diptera)[J]. Arquivos de Zoologia, 1977, 28(3): 1-131.

[39] Murua M G, Molina-Ochoa J, Fidalgo P. Natural distribution of parasitoids of larvae of the fall armyworm, Spodoptera frugiperda, in Argentina[J].
Journal of Insect Science (Madison), 2009, 9(20): 1-16.

[40] Guimaraes J H. Taxonomy of brazilian flies of the genus lespesia robineau-desvoidy (diptera, tachinidae)[J]. Papeis avulsos de zoologia, 1983, 35(2):
11-30.

[41] Gonzalez-Maldonado M B, Hernandez-Zetina D A, Ruiz-Cancino E. Parasitoids (Diptera: Tachinidae) of the fall armyworm Spodoptera frugiperda (J. E.
Smith) in maize in Durango, Mexico[J]. Southwestern Entomologist, 2018, 43(1): 183-187.

[42] Benzing A, Kleespies R G, Ponce F. Natural mortality of noctuid larvae (Lepidoptera) in the Ecuadorian andes: a first approximation[J]. Revista
Colombiana De Entomologia, 2000, 26(1): 57-60.

[43] Mcpherson R M, Hensley S D. Development of Lixophaga diatraeae (Tachinidae) on several Lepidopterans[J]. Environmental Entomology, 1976, 5(6):
1146-1148.

[44] Soteres K M, Berberet R C, McNew R W. Parasitic insects associated with Lepidopterous herbivores on Alfalfa in Oklahoma[J]. Environmental
Entomology, 1984, 13(3): 787-793.

[45] Sisay B, Simiyu J, Malusi P, et al. First report of the fall armyworm, Spodoptera frugiperda (Lepidoptera: Noctuidae), natural enemies from Africa[J].
Journal of Applied Entomology, 2018, 142(8): 800-804.

[46] Bianchi F A. The recent introduction of armyworm (S. exempta, S. exigua, S. frugiperda) parasites from Texas[J]. Hawaii Planter’s Record, 1944, 48:
203-212.

[47] Andrews K L. Latin American research on Spodoptera frugiperda (Lepidoptera: Noctuidae)[J]. Florida Entomologist, 1988, 71(4): 630-653.

[48] Wheeler G S, Ashley T R, Andrews K L. Larval parasitoids and pathogens of the fall armyworm in honduran maize[J]. Entomophaga, 1989, 34(3):
331-340.

[49] Cruz I, Figueiredo M L C, Valicente F H, et al. Application rate trials with a nuclear polyhedrosis virus to control Spodoptera frugiperda (Smith) on
maize[J]. Anais da Sociedade Entomologica do Brasil, 1997, 26(1): 145-152.

[50] Tingle F C, Mitchell E R, McLaughlin J R. Lepidopterous pests of cotton and their parasitoids in a double-cropping environment[J]. Florida
Entomologist, 1994, 77(3): 334-341.

[51] Meagher J R L, Nuessly G S, Nagoshi R N, et al. Parasitoids attacking fall armyworm (Lepidoptera: Noctuidae) in sweet corn habitats[J]. Biological
Control, 2016, 95: 66-72.

[52] Fiaboe K K M, Fernandez-Triana J, Nyaum F W, et al. Cotesia icipe sp. n., a new Microgastrinae wasp (Hymenoptera, Braconidae) of importance in the
biological control of Lepidopteran pests in Africa[J]. Journal of Hymenoptera Research, 2017, 61: 49-64.

[53] Silva R B, Cruz I, Penteado-Dias A M. First report of Dolichozele koebelei viereck, 1911 (Hymenoptera: Braconidae) on larvae of Spodoptera frugiperda
(J. E. Smith, 1797) (Lepidoptera: Noctuidae) in maize (Zea mays L.) under different cropping systems[J]. Brazilian Journal of Biology, 2014, 74(3):
218-222.

[54] Penteado-Dias A M, Figueiredo M L C, Dias M M, et al. First host for Exasticolus fuscicornis (Cameron, 1887) (Hymenoptera: Braconidae:
Homolobinae)[J]. Zoologische Mededeelingen, 2006, 80(1): 109-112.

[55] Shylesha AN, Jalali S K, Gupta A, et al. Studies on new invasive pest Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) and its natural
enemies[J]. Journal of Biological Control, 2018, 32(3): 145-151.

[56] Prasanna B M, Huesing J E, Eddy R, et al. Fall armyworm in Africa: a guide for integrated pest management[M]. Mexico: CDMX: CIMMYT, 2018.

[57] Ordéiiez-Garcia M, Rios-Velasco C, Berlanga-Reyes D I, et al. Occurrence of natural enemies of Spodoptera frugiperda (Lepidoptera: Noctuidae) in
Chihuahua, Mexico[J]. Florida Entomologist, 2015, 98(3): 843-847.

[58] Pair S D, Raulston J R, Sparks AN, ef al. Fall armyworm (Lepidoptera: Noctuidae) parasitoids: differential spring distribution and incidence on corn and

sorghum in the southern united states and northeastern Mexico[J]. Environmental Entomology, 1986, 15(2): 342-348.



555 3 BRSO T RO ) R R OB R BCIR S A A T ) 671

[59]

[60]

[61]

[62]

[63]
[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

(73]

[76]

[77]

[78]

[79]

[80]

Lopez M A, Martinez-Castillo A M, Garcia-Gutierrez C, et al. Parasitoids and entomopathogens associated with fall armyworm, Spodoptera frugiperda,
in northern Sinaloa[J]. Southwestern Entomologist, 2018, 43(4): 867-881.

Blumberg D, Ferkovich S M. Development and encapsulation of the endoparasitoid, Microplitis croceipes (Hym.: Braconidae), in six candidate host
species (Lep.)[J]. Entomophaga, 1994, 39(3-4): 293-302.

Rajapakse R H S, Ashley T R, Waddill V H. Biology and host acceptance of Microplitis manilae (Hymenoptera: Braconidae) raised on fall armyworm
larvae, Spodoptera frugiperda (Lepidoptera: Noctuidae)[J]. Florida Entomologist, 1985, 68(4): 653-657.

Mccutcheon G S, Harrison W. Host range and development of Microplitis rufiventris (Hymenoptera: Braconidae) an imported parasitoid of several
lepidopterous pests[J]. Environmental Entomology, 1987, 16(4): 855-858.

Vot 3E, RBNGER, XU, AE. U PCONIA) BN Rkl T R4 K B AR AT O R A AN ). FEA AR, 2019. DOL: 10.16688/j.zwbh.2019341.

Riggin T M, Wiseman B R, Isenhour D J, et al. Incidence of fall armyworm (Lepidoptera: Noctuidae) parasitoids on resistant and susceptible com
genotypes[J]. Environmental Entomology, 1992, 21(4): 888-895.

Hofmaster R N, Greenwood D E. Fall armyworm control on forage and truck crops[J]. Journal of Economic Entomology, 1949, 42(3): 502-506.
Molina-Ochoa J, Carpenter J E, Lezama-Gutiérrez R, et al. Natural distribution of Hymenopteran parasitoids of Spodoptera fiugiperda (Lepidoptera:
Noctuidae) larvae in Mexico[J]. Florida Entomologist, 2004, 87(4): 461-472.

Bultman T L, Rodstrom J L, Radabaugh K R, ef al. Influence of genetic variation in the fungal endophyte of a grass on an herbivore and its parasitoid[J].
Entomologia Experimentalis et Applicata, 2009, 130(2): 173-180.

Murua G, Virla E G. Contribution to the biological knowledge of Euplectrus platyhypenae (Hymenoptera: Eulophidae), a parasitoid of Spodoptera
frugiperda (Lepidoptera: Noctuidae) in Argentina[J]. Folia Entomologica Mexicana, 2004, 43(2): 171-180.

Paron M R, Berti-Filho E. Reproductive capacity of Trichospilus diatraeae (Hymenoptera: Eulophidae) on different host pupae (Lepidoptera)[J].
Scientia Agricola, 2000, 57(2): 355-358.

Silva R B, Cruz I, Figueiredo M L C, et al. Record of new species of parasitoids on larvae of Spodoptera frugiperda (J. E. Smith) (Lepidoptera:
Noctuidae) and Dichomeris famulata Meyrick (Lepidoptera: Gelechiidae) in maize (Zea mays L.) in Brazil[J]. Revista Brasileira de Milho e Sorgo, 2012,
11(1): 125-129.

Ashley T R. Classification and distribution of fall armyworm parasites[J]. The Florida Entomologist, 1979, 62(2): 114-123.

Barbosa P, Saunders J A, Kemper J, et al. Plant allelochemicals and insect parasitoids effects of nicotine on Cotesia congregata (Say) (Hymenoptera:
Braconidae) and Hyposoter annulipes (Cresson) (Hymenoptera: Ichneumonidae)[J]. Journal of Chemical Ecology, 1986, 12(6): 1319-1328.

Escalante G J A. Contribution to the knowledge of the biology of Heliothis zea and Spodoptera frugiperda in Cusco[J]. Revista Peruana de Entomologia,
1974, 17(1): 121-122.

Garcia-Gutierrez C, Gonzalez-Maldonado M B, Gonzalez-Hernandez A. Natural parasitism of Braconidae and Ichneumonidae (Hymenoptera) on
Spodoptera frugiperda (Lepidoptera: Noctuidae)[J]. Revista Colombiana de Entomologia, 2013, 39(2): 211-215.

Canas L A, O’Neil R J. Applications of sugar solutions to maize, and the impact of natural enemies on fall armyworm[J]. International Journal of Pest
Management, 1998, 44(2): 59-64.

Pair S D, Gross H R. Seasonal incidence of fall armyworm (Lepidoptera: Noctuidae) pupal parasitism in corn by Diapetimorpha introita and Cryptus
albitarsis (Hymenoptera: Ichneumonidae)[J]. Journal of Entomological Science, 1989, 24(3): 339-343.

Pair S D, Gross H R. Field mortality of pupae of the fall armyworm, Spodoptera frugiperda (J. E. Smith), by predators and a newly discovered parasitoid,
Diapetimorpha introit[J]. Journal of the Georgia Entomological Society, 1984, 19(1): 22-26.

Sueldo M R, Bruzzone O A, Virla E G. Characterization of the earwig, Doru lineare, as a predator of larvae of the fall armyworm, Spodoptera frugiperda:
a functional response study[J]. Journal of Insect Science, 2010, 10(1): 38.

Reis LL, Oliveira L J, Cruz L. Biology and potential of Doru luteipes for the control Spodoptera frugiperda[J]. Pesquisa Agropecuaria Brasileira, 1988,
23(4): 333-342.

Kharboutli M S, Mack T P. Effect of temperature, humidity, and prey density on feeding rate of the striped earwig (Dermaptera: Labiduridae)[J].

Environmental Entomology, 1993, 22(5): 1134-1139.



672 HOECE W B AR 535 %

[81] Silva A B, Batista J L, Brito C H. Aspectos biologicos de Euborellia annulipes sobre ovos de Spodoptera frugiperda [J]. Engenharia Ambiental, 2009,
6(3): 482-495.

[82] Silva A B, Cruz I, Figueiredo M L C, et al. Development of Coleomegilla maculata De Geer (Coleoptera: Coccinellidae) with prey and artificial diet[J].
Revista Brasileira de Milho e Sorgo, 2010, 9(1): 13-26.

[83] Marti O G Jr, Hamm J J. Effect of Vairimorpha sp. on the survival of adult Calleida decora in the laboratory[J]. Journal of Agricultural Entomology,
1986, 3(3): 242-248.

[84] Allen R T. Calosoma (Castrida) alternans granulatum Perty: a predator of cotton leaf worms in Bolivia (Coleoptera: Carabidae: Carabini)[J]. The
Coleopterists Bulletin, 1977, 31(1): 73-76.

[85] Young O P, Hamm J J. Compatibility of two fall armyworm pathogens with the predaceous beetle, Calosoma sayi (Coleoptera: Carabidae)[J]. Journal of
Entomological Science, 1985, 20(2): 212-218.

[86] Nachappa P, Braman S K, Guillebeau L P, et al. Functional response of the tiger beetle Megacephala carolina carolina (Coleoptera: Carabidae) on
Twolined Spittlebug (Hemiptera: Cercopidae) and fall armyworm (Lepidoptera: Noctuidae)[J]. Journal of Economic Entomology, 2006, 99(5):
1583-1589.

[87] Bass J A, Shepard M. Predation by Sycanus indagator on larvae of Galleria mellonella and Spodoptera frugiperda[J]. Entomologia Experimentalis et
Applicata, 1974, 17(2): 143-148.

[88] Cogni R, Freitas A V L, Filho F A. Influence of prey size on predation success by Zelus longipes L. (Het: Reduviidae)[J]. Journal of Applied Entomology,
2000, 126(2-3): 74-78.

[89] SuHH, TianJ C, Naranjo S E, et al. Bacillus thuringiensis plants expressing crylac, cry2ab and crylf are not toxic to the assassin bug, Zelus renardii[J].
Journal of Applied Entomology, 2015, 139(1-2): 23-30.

[90] Joseph S V, Braman S K. Predatory potential of Geocoris spp. and Orius insidiosus on fall armyworm in resistant and susceptible Turf[J]. Journal of
Economic Entomology, 2009, 102(3): 1151-1156.

(911 BRI, X%, ANLNE, 55 ARNE/ANTElE ] b o a0 MU i eV )], KRS, 2019, DOL: 10.16688/).zwbh.2019375.

[92] CABI. Nabis capsiformis (pale damsel bug)[EB/OL]. 2019. https://www.cabi.org/isc/datasheet/35656.

[93] JHELE, AFEH, XIREE, 5. WX L SR A R VP R BT SR D]. R LR, 2019, 45(3): 65-68.

[94] Medal J, Cruz A S, Smith T. Feeding responses of Euthyrhinchus floridanus (Heteroptera: Pentatomidae) to Megacopta cribraria (Heteroptera:
Plataspidae) with Spodoptera frugiperda and Anticarsia gemmatalis (Lepidoptera: Noctuidae) larvae as alternative prey[J]. Journal of Entomological
Science, 2017, 52(1): 87-91.

[95] JHEE, Tf W, PRECED, &5 af ofonh B0 i o0 750 (¥ 4 £ B 0 VR4 Al fe A7 20 MR 9], b [ A4 i 4 4, 2019, DOL: 10.16409/j.cnki.
2095-039x.2019.04.005.

[96] CABI. Podisus connexivus|[EB/OL]. https://www.cabi.org/isc/datasheet/39342#tonatural EnemyOf.

[97] Hough-Goldstein J, Cox J, Armstrong A. Podisus maculiventris (Hemiptera: Pentatomidae) predation on ladybird beetles (Coleoptera: Coccinellidae)[J].
Florida Entomologist, 1996, 79(1): 64-68.

[98] Malaquias J B, Omoto C, Ramalho F S, et al. Bt cotton and the predator Podisus nigrispinus (Dallas) (Heteroptera: Pentatomidae) in the management of
Spodoptera frugiperda (J.E. Smith) (Lepidoptera: Noctuidae) resistance to lambda-cyhalothrin[J]. Journal of Pest Science, 2015, 88(1): 57-63.

[99] Zanuncio J C, Batalha V C, Guedes R N C, et al. Insecticide selectivity to Supputius cincticeps (Stal) (Het., Pentatomidae) and its prey Spodoptera
Sfrugiperda (J. E. Smith) (Lep., Noctuidae) [J]. Journal of Applied Entomology, 1998, 122(1-5): 457-460.

[100] Silva Nunes G, Nascimento I N, Souza G M M, et al. Biological aspects and predation behavior of Ceraeochrysa cubana against Spodoptera
frugiperda[J]. Revista Brasileira de Ciencias Agrarias, 2017, 12(1): 20-25.

[101] #RIRE, Tha, HAR, 5 KX v o il (v e 0[], 3158 R H2EHR, 2019, 41(4): 754-759.

[102] Morales-Reyes C, Rodriguez-Contreras J, Sanchez-Pedraza F, et al. Activity of entomopathogenic fungi against fall armyworm, Spodoptera frugiperda:
comparison of conidia produced on artificial media and insect hosts|[EB/OL]. 2013, https://esa.confex.com/esa/2013/webprogram/Paper77424.html.

[103] Tavares W S, Cruz I, Silva R B, et al. Prey consumption and development of Chrysoperila externa (Neuroptera: Chrysopidae) on Spodoptera frugiperda



555 3 BRSO T RO ) R R OB R BCIR S A A T ) 673

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

(Lepidoptera: Noctuidae) eggs and larvae and Anagasta kuehniella (Lepidoptera: Pyralidae) eggs[J]. Maydica, 2011, 56(3): 283-289.

Perfecto I. Indirect and direct effects in a tropical agroecosystem: the maize-pest-ant system in Nicaragua[J]. Ecology, 1990, 71(6): 2125-2134

Machado V L L, Gobbi N, Simdes D. Prey items utilized by Stelopolybia pallipes (Olivier, 1791) (Hym. Vespidae)[J]. Anais Da Sociedade Entomologica
Do Brasil, 1984, 14(1): 73-79.

Okuma D M, Bernardi D, Horikoshi R J, et al. Inheritance and fitness costs of Spodoptera frugiperda (Lepidoptera: Noctuidae) resistance to spinosad in
Brazil[J]. Pest Management Sciences, 2017, 74(6): 1441-1448.

Yu S J. Insecticide resistance in the fall armyworm, Spodoptera frugiperda (J. E. Smith)[J]. Pesticide Biochemistry and Physiology, 1991, 39(1): 84-91.
Cave R D. Biology, ecology and use in pest management of Telenomus remus[J]. Biocontrol News and Information, 2000, 21(1): 21-26.

Hernandez D, Ferrer F, Linares B. Introduccion de Telenomus remus Nixon (Hym.: Scelionidae) para controlar Spodoptera frugiperda (Lep.: Noctuidae)
en Yaritagua-Venezuela[J]. Agronomia Tropical, 1989, 39(4-6): 199-205.

Figueiredo M L C, Cruz I, Silva R B, et al. Biological control with Trichogramma pretiosum increases organic maize productivity by 19.4%[J].
Agronomy for Sustainable Development, 2015, 35(3): 1175-1183.

Neto F C M, Cruz I, Zanuncio J C, et al. Parasitism by Campoletis flavicincta on Spodoptera frugiperda in corn[J]. Pesquisa Agropecuaria Brasileira,
2004, 39(11): 1077-1081.

Day R, Abrahams P, Bateman M, et al. Fall armyworm: impacts and implications for Africa[J]. Outlooks on Pest Management, 2018, 28(5): 196-201.
T, TRELME, THHEBE, A A SO O T AN R 4 Bl B Re (3], R TRDT, 2019, DOL: 10.16688/j.zwbh.2019346.

op ] Ak R 2 B R AR BRI TOIT. R OR T 2R S T R LA R TR H 9 4 bt 9 A0k (13X 56 5 8 T [EB/OL]. 2019, http://www.ippcaas.cn/xwtt/
192456.htm.

RS, HOWE, R, & 5O BdOd R STROk 2 B4 B R & ThEE NI HEIRYT, 2019, DOIL: 10.16688/j.zwbh.2019370.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


