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EST KA E e i 57 R S 68 4h HR R S R N U A

aRFE IEFH
(VU e AR 24 B, TEHR 400716)

R . AR A AW ARG 32 W31 Spodoptera frugiperda 893 34 & 5 IR IR 585 F0 685 %)
2RSSR E A 1x10°CFU/mL 8 X #F 1 Escherichia coli & & , 7+ vA 4+ 5 E #F ik 25 4 & (phos-
phate buffer solution, PBS) o R ABAEAT 4L 22 (CK) 2 23 18,24 h J& M 2 4h kAR & 4R 25 3 Fe i A ALBS
(phenoloxidase, PO) &M, 2R 27, ZHXMAFHA B & 24 hJG , FIR R SthFo 6 854 Rk E
¥z 2 pH), AR ES A A 0.170 gF20.411 g, 3 R FALT CK 69 0.181 g#20.484 g; iZH K MATH A
R 24 h )G, IR IR S ¥ Fe 6 85 4 & 4 45 H) A 135.0.338.4 A & 5] 4k 45 # (the indexed nod-
ules,INs), W F M EF KT EH, LR FHF 5T CKAPBS AL, 5 5] 4 0.4.102 A INs #20.3,10.9 A~
INs; ZH KA B B & 24 hJs , E R Ak S #4) & PO 7 1E 4 0.156 ABS min™mg™', %% % T CK
F2 PBS £ 32, 2 %] 7 0.046 ABS min"-mg™ #2 0.066 ABS min~mg™, 12 3 3 R & 4% 6 4 & # PO 7%
M4 0.050 ABS'min"''mg™', 2 # /& T CK #= PBS & 22, 5 %] 4 0.066 ABS min™"-mg' #= 0.069 ABS-
min"-mg”, B FRIK S R POFREE S T 684 RegPOEN ., FAMHAIZE)EEN
RAIER R S84 2 04 S 98 LR B A A 2 5, T X AF 2 5 TR 2 40 Sk & K & F A 40 0 S 95 Ao ik
T T JE ) REZ R BT I B0 %o

KW : FH R KR KT RERE; B aiLEE

Immunological and stress responses of fall armyworm Spodoptera frugiperda
larvae to injecting Escherichia coli

BAI Yaoyu" SUN Jiaqi
(College of Plant Protection, Southwest University, Chongging 400716, China)

Abstract: In order to control the damage and spread of Spodoptera frugiperda by biotechnology, the im-
munological and stress responses of the elder-instar larvae of S. frugiperda were studied on the basis of
the analysis of body mass, nodulation and phenoloxidase (PO) activity at 24 h after injecting Escherich-
ia coli solution of 1x10° CFU/mL, while the same amount of phosphate buffer solution (PBS) as control
for E.coli injection. Meanwhile, those without any treatments were used as injection control (CK). The
results showed that the body weight gain of both the fifth and sixth instar larvae of S. frugiperda was
markedly inhibited by the E.coli injection. The body weights of the fifth and sixth instar larvae with the
E. coli treatments were 0.170 g and 0.411 g, respectively, which were significantly lower than those
(0.181 g and 0.484 g) of CK. For nodulation, the nodule numbers of the fifth instar larvae was 135.0 INs
(the indexed nodules, INs) in the E.coli treatment, which was significantly lower than that of the sixth
instar larvae (338.4 INs), and the INs of both the fifth and sixth instar larvae in respective treatments of
the E.coli was significantly higher than CK values of 0.4 INs and 0.3 INs and PBS values of 10.2 INs
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and 10.9 INs. The PO activity of the fifth instar larvae with 0.156 ABS-min"""mg™' in the E.coli treat-
ment was significantly higher than that of CK (0.046 ABS'min"'"'mg™') and PBS (0.066 ABS-min"-
mg™); but it was 0.050 ABS'min™"'mg™" in the sixth instar larvae that was significantly lower than that
of CK (0.066 ABS'min"-mg") and PBS (0.069 ABS'min"'-mg™"). In addition, the PO activity of the
fifth instar larvae in the E.coli treatment was significantly higher than that of the sixth instar larvae.

It is concluded that there were obvious differences in the immunological and stress responses of differ-

ent instar larvae of S. frugiperda after injection by the E.coli, and the differences may be affected by the

trade-offs among larval growth, cellular immunity and humoral immunity.
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TR BT Spodoptera frugiperda H 201941 H
WA HaE AFRE 5, HRTfE4Ers P e D
FHEZR A 224048 T AR XA oAl A — 20
e NAedt PEAE AR L i (I AESE, 2019; F
52019 RBKHRAE,2019) o X R FF R EFK,
IKFERH BESEEY) , JR 2R PUE A 15 T SRR
Al B G4, 2019)

SRS B S TG o B A ) AR XU, —
AR, BT B AR RIURE R 2577 A e IR T3
P G e I s g S AR R R A K EE S
B A4 IO T 48 AL i (phenoloxidase, PO) i P4
PSR AR BL . B4 I AR R AN e
FR , S AR I 40 i IR H i 441 A AR itk 2
I BUR Y = B BEEAA A R RSB
#£ (Howard et al., 1998; Nappi & Ottaviani, 2000) .
AW B g2 i PO 38 LA LATG I M 48 AL 1 )5 (pro-
phenoloxidase, PPO) JE XU AA7E T L ik L4 o, 225 Ji
VI A2 G PPO RETEAHOC 22 2 W2 2 R/ T T % 4k,
AT 5 AW A AN 2 5 i A v s o il 15 L
P [ (Gillespie et al., 1997; Bali & Kaur, 2013) .
W24 ZEMOFT B Bacillus thuringiensis 1= & 1 5%
ey M S5, G o AR A 32 AR B S HOR A i FLHRL
BAETHEAT N, AT T B4y AN 11 5 2 92 (Po-
lanczyk & Alves,2005) ; #ER34k Lymantria dispar 5%
% R W Entomophaga maimaiga )& , FoAE &
D, E RN G5 3 RITUR , B4l U (R T 3
I/ T RE) B BRI (Hajek , 1989) . B L4
P e R L 40 A S R B T R B ) 15 5,
H GG W fe I % UIAE G (5 AR5, 2011) . 40
MV PN K WE Ostrinia furnacalis 554l BUBRGE KA FT
Escherichia coli Jii , H: 1M 76 B 20 Jifd 5 728 RO £
JEXE A7 B BH 2, 2 5 AR S5TE A il 4 i s Rt
A2 L R 200 R Nk A4 L S T S B [ s PO
TP i CR A R PR A, 199157 46

2011) ; M Musca domestica %) BUBGL K77 24 h
DAL, LI 210 LSRR N, HL 16 h PN 20 R
L2 L) L A W S S 0 (22545, 2009) o AHI
Park & Kim (2003) A/ 58 45 5 & B, #5430 S. ex-
igua %) HUVE 5 W8 £k U BUR AT I Xenorhabdus nema-
tophilus Ji , F I r I 240 B A WA T AR S5 1
PPO 1Lk PO KBt kA 7= 3432 B . A 4%,
B S bk B AR SRR AR Ak 5 T S A R e B N
S AR AR S [R) 25 U AH OG . Qnes i 55 3 1 6 44 %)
WS BL R VD B AN Serratia marcescens i , FLAELS
BUOBEZ e FE (1 10°~1x 108 CFU/mL ) 34 fin ifii 3 i ,
VST S 1x10° CFU/mL W BT Vb FR 4014 25 h
b DT 6 15 &)y A AR S HIGR B e KA, HAESS %
TEESTE 50 h N8 Fa%E (Zhang et al.,2018) 5 HH K
1% Manduca sexta %) HES R BUVb B I fe , HAR 4
IO 5 B 52 TR R S SR AR R OC JR |, T K FE L Zopho-
bas atratus /NEVFIH AL O SR A S, HAR 45
o7 B i R ) R R i , SRS ECE RS S 24 h
A3 KfE (Howard et al., 1998) . Hpij, R4 KT
B R 20 1 s 1Y) S 28 O LA TR 8 2% B
A by B R AN (] S 40 e 3 S R AT R f AR
LG5 [N F PO TGI8 /0

e b BRI 4y A A A 2 R A A BRI
Prik B — B A2 O (R AF,2019) , AN A HA
F I B M ) OO R RS AR R K 2 7
IR 4l BT RARR , T 5 e 4l TR e (7555
2019). Sun & Bai(2020)AfF523RH , Fh D7 ik 5 k%
o)1 0 AL 28 Iy BB SR R A R 8 1 S o 38 i
TEHRE 1x10° CFU/mL I MY 8R4 880d i 5 ELTEIZ T4
VREETR BT SR I TR G 0, AR 258y (H 7 5
J5 22 hWAEGBUR PRGN PR e e — ViRl . Pt
KT R AT AR G i Bl B 3 M 114 98 IO I
D7, AT L TR e 5 05 R 6 1 i i 4y R A T
RIGHT B R R Sy, O DA S A5 S R IR ER 22 o
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& (phosphate buffer solution, PBS) Fl1 A< 51T n] &b 2
St BE FES IS 24 il i A b A R IR AR 4G
BRI PO T M, 38 3k e o3 AT WA 1 S KM AT v %
O DT Mk A R R BESSEOR PO TR PR RZ I, L
AR AR D BIA AR P45 120 R A
1 Rl 5 A%

1.1

bt R R DA AR M TR 1 8 4y A T 36
Benzon Research /A F] . 7E4 26 cm ., 5 13 cm ¥
BEITHE B (3247 4% ) OGS B N T ARDRHE &)
B AN, B O ARHERD 13k 14l s o TRk
SR AR TR A5 B HLA T4 R AN SR R 4
T VR B 375 SR SRR AR I 5 3 S =
S, BN SRR A% S5 AR BE 27°C AH RN
70% JEJEWI 16 L:8 D N THEF A4k SEim 32 2 5 i
Feeah i, & M. RS2 RKIH A E One Shot™

TOP10 Chemically Competent E. coli, 3% [£ Thermo
Fisher Scientific /3 F .

LB(Lysogeny broth) {43555 5 - AR 1 10 .
PERER I 5 g M LEN 10 g, ddH,OEAF 2 1 L,

TR B A A« N T4 kL, 36 [El Benzon Research
/57 ; Pierce™ BCA i H BRI i8] & ( F 47 96 FLAR
), 3£ [E Thermo Fisher Scientific 2% 7 . 37002-
GROWC-09 A A\ T 3553411, 35 [ Percival 2 &) ; Ham-
ilton 701 {3t 7 55 4% .26 F130 5413k, Bii |- Ham-
ilton Bonaduz AG /A 7] ; MWCO 5000 Da Vivaspin %
W O W 46 10, 3¢ [ Sigma-Aldrich 23 7] ; Leica
M165C fi# 5] . 14 8% , 35 [E Buffalo Grove /A F] ; En-
Spire™ 2300 {134 1Y , 52 [ PerkinElmer /A Al ;
Pipet-Lite PL 2 FLill 1L B RS , 5¢ [ Rainin 22
H]3JS703CHL TR Fii - Mettler Toledo 23]
1.2 Fi&

1.2.1  RIGHH B ik 5 &

IR W R P T T TR R P 7 31 LB VAR
FEerh R E TR T 37 Cal i 5% 12 h s sE
K2 s B SR 5 5890 T 8 000 g T 5.0 5 min, B
VTR 85 °C AR 1 h KT, 4R J5 FHJETA PBS (pH
6.4, 7.7 mmol/L Na,HPO, 2.65 mmol/L NaH,PO, Fll
150 mmol/L NaCl) ¥ K3 Ji5 T 1 240 P T 7 500 R
1x10° CFU/mL, £
1.2.2 EHRIEE

2% Sun & Bai(2020) J5 A 7EAT 7 5T 00 kT
AL o BB ORI Hb 1 e 5 1 6 1340

H4% 96 3k, FRE e f HUE T UK B R 5 min,
200°C T #A IEBA 11 = T T A% A0 30 5 Sk I H
1x10° CFU/mL KA1 i B S 24l e 2 iy, &
SLTEST 5 uL, 430 LAV 5 45 PBS FHR AT fr] 42b 28
(CK) A% BR B3~ A BBl 5 72 ke 5 17 11 6 2 4y
%323k WG H 70% WS OV HEF T R A
SR BT 70% RS 2R 1N H 2 0 SR SR L, Tl
FE27°C FHXHEE 70% e 16 L:8 D AN T-H5 5%
T AR R SR
123 FRRRBAKRERELERS

TG 24 h, B PESEEER T A0 S 1 6 1%
4l 45 20 LA TAREE , JFAE | hINSE R FREE 5 XF
HAEATfE], b i s AR S5 8, 7E 36 h N SE . Xf
b DTRCIR 5 4R 6 5 41 AR IR, Se i gl HUE R &
LRI AR A R AT e T s SR 5 FH RS H T [
J1H PBS 8 U JR I (A AR i B 18T, s 11 £ 235 D0 o5
FE M N R ST L ARS8 PBS whiehi. I T
i T ) WACBE T Gei s AR A5 5, DU A
Ui AT TAE T ik 22 S8 07 1) B BRI AL, I 4G A Al
SETHALE v e AT AR . BERIEALIE S, TR
PBS VI , it — 25 WA il Jis v (R S 45 00 A, T
SR Tab &

TS R AT T 5 5 B b 5 R0k &) R s v R
(1) A 45 AR A AR K, A 20 pum 3 500 pm 5L
oK. NT REILELEH, 7F Zhang et al. (2018) J7 1%
Femt b, 4522 5] 4 45 (the indexed nodules, INs) 5 X
NERGEHOT R AL, B YA HAR<B0 pm B, O 1A
TR, 30 pm<HE45 H1R<60 um B, N2 A%
SRS, 2160 pum<HE 45 HAE<90 pm B, 2 3 MR 5|
gk DU RHE, 30n um<£E 45 B 42<30(n+1) pm i,
R+l ARG B
124 FEHAFIHEPOETHN T

I EL R4 2% Shelby & Popham (2006) J7 12
FEMEAE . SIS 24 h, A0 B BE AL B HE,
DU S HFN 6 i &y U4 4 3%, FH 70% RS TH 22 1 2
J5 BT ok E R RRIE 5 min, K # G A9 26 5105
BRI S S R SRR B R IR L L Al gk £
R FSEnA 50 mmol/L NaH,PO, 2% ik 2 mL 1 &
LA, F49C 7000 g 544 T B0 5 min, B
T =80 CAIR VKA T R AF , 43 Fr v , B Ak 3 o
53 A PO TP 3 A i S 40 By i gpk 2 v 2 1 o
VRBE I bR L b R P VAR B e BCA 2R 1 A
PRGBSI o A it 98k AR R o iy
2R R e T A AR SCTE 490 nm 4 T BEH
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47%:

PLL-3, 4- R RN 2 8 (L-3, 4-dihydroxy-
phenylalanine, L-DOPA) A JiE 4 , PO i 1 I % 2 I]
Valadez-Lira et al.(2012) J7 I A 2tk . FH pH Ry
6.8 .Y & > 50 mmol/L NaH,PO, Z% ik 10 mL It
e BE A 10 mmol/L () L-DOPA IF W , %5 JH . HX 50 pL
FIEW (A 50 pg BB InE 96 FLARI P 7R
ANERIF R A 150 L L-DOPA I , JH R &
BEARASCAE 490 nm % 1 T E2HU G {1 (absorbance,
ABS) , IZE B4 IO R ILEICT 30 min, filiE
B 5 ABS min~'-mg'(Shelby & Popham,2006).,
1.3 s

K JH SPSS 24.0 B A #EA TR ST /3 o KR
F PO & P S5 46 B0 A5 6 1E 28 3 A1 F 5 25 554, A
— W 1 &) o AN [] b PR E A PO I 1 2[RI 2807 2593
MG R /N 3 2280 (LSD) i b A7 25 57 i B MEAG:
B 5 AN TR i 3] 4y A W] — &b PR FE RN PO 15 1 =22 18] R
FHARSEAEAS ¢ K oA A7 25 5 W8 TR AG . BR8N
VLR B AT B AR5 Ay 26 55 454, R [R]—
4 3 4y AN ) Ach PR 25 850K FH AE S 808 56 v
Kruskal Wallis H & 1 56075 261 7 SR 34T, A5 A 452
THE R X (P<0.05) , #F— 28 FHIZ 073 v i 79 7 Bgont

PoAse v A 7RG 56 5 X AN [) 1 40y Hi ] — &b BRAE 25 %k
Z (8] 2R FH P2 7 A AR 7Y Mann-Whitney U Bk A1 56
AT 25 AR

2 ERE5SH

2.1 HEES AT i S A ik 4h R E RN

TS KA B BT 24 b 28 500 B b 5 3 ik
SURFN 6 4l HUARTE . STET, 3 ANAb B R TR
Uk 5 84 4y PR 22 0] 22 AN 3 5 VA 24 h R K
FFETBTR  PBS I CK 4D FH 4 5 4 57 7 1k 5 i < Lty
TCHETAMA AR 435124 0.170,0.168 F10.181 g, i
W 2 M 2255 A 8% HE 8 2L F CK(P<0.05) .
TESTRT, 3 A H A B b BRI 6 4y HUPARER 2 [) 22
SEANIE s TEYS 24 h 5 R FT B R L PBS AT CK (1)
T DT MK 6 I &y HU I TEAE T AN A AR 4 B R
0.411.0.450 F1 0.484 g, fij & W E AL T /5 P & (P<
0.05) (HJE W HZMERAEE(E 1), 55, Tk
AT S , RO SR 5 4 A A H A R
P BB /NT 6 134 L (P<0.01) 5 5 15445 4b F3AH
Fb , Bl B A S 440y HUE S A A 9 R B /)
Foilah i (E 1),

0607 m RS KA EBEW Injecting Escherichia coli solution
O ESBERR ER 2 PP’ Injecting phosphate buffer solution bA al)l_A

w 0454 0O RPAETAEEE Without any treatment (CK) cA
g
g
< 030 -
3
- aA  aA  aA
L] bB b aB x
® 0154 aB_ aB  aB

0.00 _.

Before injection
5#%4h H Fifth instar larvae

ESE

After injection

FEBRT !

Before injection
6%8 4t Sixth instar larvae

ESE

After injection

B EESE 24 h B R S 60 F0 6 i 4 AR E T
Fig. 1 Changes of body mass in the fifth and sixth instar larvae of Spodoptera frugiperda at 24 h after different injection treatments
P B - S b o (A1) 4 L P AT B 1 O S5 AN )N RN 28 LSD MG S0 7E P<0.05 K- 22 57 Ik 35
I [ B 1 40y e SR [) (RS [R5 P RE B 5 TR] (A AN TR S 5 B s 8 P S, R AR e K VR AL G T P<0.01 /K- 22 57

{23 . Data in the figure are mean+SE. Different lowercase letters before or after injection of the same instar larvae indicate signifi-

cant difference at P<0.05 level by LSD test. Different uppercase letters on the same color column before or after injection of the dif-

ferent instar larvae indicate significant difference at P<0.01 level by the two-samples ¢ test.

2.2 HEESTRT B S R4 AR A B R
TS KA AT TR R TR 35 5 i 5 b 5 132 ik S ok A
6 W& 4 AR 2580 . TE ST 24 hE K kT8 T PBS
1 CK Ak PR A 50 1 07 78 3k S 1% 4 AU AR 25 505 Bk
135.0.10.2 F1 0.4 4~ INs, =% 2 [i] 25 7 . % (P<

0.05) ; VEHS 24 h 5 KIAAT A W . PBS 1 CK AbFH 1)
Bk 6 U &) HUAE 25 55053 5 R 338.4.10.9 FNI
0.3 I~ INs, Fi 4 4 0 & & T /54 (P<0.05) , H/E M
HZMESANRE(E2) . FEF KRBT ARG,
Tl TR S W <l B SR SR RO B KT 6 it 4l R
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4 45 50 (P<0.01) , {H PBS 1 CK Ab B 1% %5 Hb 73 7%

B 5 U T 6 e Al R AR SR 2 W] 22 S AN B (K 2) .

4207 =
a
2 350 . 59444 B Fifth instar larvae
E: i I:| 6#8 4 H Sixth instar larvae
&2 280
RIS
# < 210
) % a
& 2 140
2
& 70
b b ” b
T 1

coli solution

T T
R RATE BRI REUETAE
Injecting Escherichia Injecting phosphate
buffer solution

Without any
treatment (CK)

A EIRLFE Different treatments

B2 MEESE 24 h B S R S 0 6 e 4h B SR L5
Fig. 2 The nodules in the fifth and sixth instar larvae of Spodoptera frugiperda at 24 h after different injection treatments
Pl p R S B R . [ AR AR [Al/ING SRR 28 Kruskal Wallis H BRI 50 BN HLASA KR B07E P<0.05 7K F-22 5
W FRoR AL FE 5 WA R 6 144 2l 37 AR Mann-Whitney U B HIRS IS MG 3615 P<0.01 K25 5+ 3% . Data in the fig-

ure are mean+SE. Different lowercase letters on the same color column indicate significant difference at P<0.05 level by pairwise

comparison of Kruskal Wallis H rank-sum test. ** indicates significant difference of fifth and sixth instar larvae at the same treat-

ment at P<0.01 level by the two-sample Mann-Whitney U rank-sum test.

2.3 MEFHI ER A T4 HPOE R
TSR KT AT AT T 0055 i 2 e, B0 1A i 5 0% R
6 WL AN PO TG . 4 51 24 h 5 KT 14 7 & . PBS
T CK A P 7 50 b 57 1% Bk 5 % %)) B PO 35 14 4353 ok
0.156.0.066 #10.046 ABS min™"-mg™", §ii & . & & T
JEWI# (P<0.05) ;73 5) 24 h J5 KIGATH# B  .PBS 1

0.204 %
a

0.164

0.12

POEE
PO activity/( ABS-min!-mg™")

0.08 1

0.04 4

0.00

CK Ab B A 55 1 57 7% Mk 6 ¥4 401 L PO 15 1 43 1) 0
0.050.0.069 #10.066 ABS'min"-mg™", §ii# . &K T
JaPIE (P<0.05,83) . EH KIGFF R ARG, Hhb
DRI S I &)y HUR PO TR AR B 2 5 T 6 i 4l LAY
T (P<0.01) ,{H PBS F1 CK Ab B A4 53 5 03 1% 5 0%
F16 # 4 KU PO T M2 (] 22 5 A8 1 3 (&1 3) .

I 5545 5 Fifth instar larvae
[ o6& 4t Sixth instar larvae

coli solution

ERKBITE  EEBREEmR R
Injecting Escherichia Injecting phosphate
buffer solution

Without any
treatment (CK)

A EIALFE Different treatments

B3 EEHIE 24 h BRI S U0 FN 6 B4 Y PO iE 1
Fig. 3 The PO activity in the fifth and sixth instar larvae of Spodoptera frugiperda at 24 h after different injection treatments
B R T ik iR . [ R R ING R RN 4 LSD IS IR TE P<0.05 K V22 57 3 . ** R [RALHEL 5 I 1 6
X W2 M NT REAS ¢ S B0 A B0 7 P<0.01 /K F-2 5%+ %% . Data in the figure are mean+SE. Different lowercase letters on the same

color column indicate significant difference at P<0.05 level by LSD test. ** indicates significant difference of fifth and sixth instar

larvae at the same treatment at P<0.01 level by the two-samples ¢ test.
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3 Tig

ENGIAERE T VINRE R N L ) SRS A
b RO S SN 6 A R R TR A7 B
WAEY AR IR HA K E B R E >, v RE S
HEAT A& A (A NS, 2018) . Wi
I8 IR W8 Zonocerus variegatus J&& Yt BT Lk 4 18 A
Metarhizium flavoviride & , FLEUE AT 28] T 3%
5201 (Thomas et al., 1997) ; Wk £ H7. 81 £ 18 Rhamma-
tocerus schistocercoides #5 HUFT N HUZEFh B SR SR B TR
Ja, HEE e w23 7 B & 5% (de Faria et al.,
1999) ; K EWE Chilo partellus YR B Beau-
veria bassiana 4 6, F 268 1 M. anisopliae 5 ,
PE a2 TR M 8UE K R & g iR
/1> (Tefera & Pringle,2003) . 534h, B BB YL 5 B
J , AR DAL A2 0 i R AR R B T Ak
T H 7 e R A 52 (Moore et al., 1992) . ASHF 5T 4%
SRR I, A A TR )l 5 1R gk S RN 6 %)) HL A
HAZ R AN R, 5 AT R 5 b 5 0 5 0%
4y PR T AR AR I S /N T B b Bk 6 U4 4 MU A B
A 3R] e R SR 2 NI I gl Y AR Kk
AR X,

ABSEGE TR AET SR A AT 0 e B B
14k 5 RS 6 W40 HU IR rh A 5 S SURIEE A, (B
TR Mk 6 0 4y Hu (Y AR S50 3 R T S 5
oy A AR 5B, U S R I T T i 35 5 i) e, B
R 20 S e D Re , BRI I J5 5 I 6 1%
oy M AR o 2 5 AR S5 B I 240 A5 A 4 i S
JERFMAAE 2 S . HETRAE R RS SR AR A
(240 B i i A= AL R AR /> (B A 45, 2019) L5
5T 2 W, 42 205 N 2 M) 1, 44 9 R L A1 S8 Al A 0 Je
Y iy 3 2L RIS A SR8 s N, 5 i 4 A v ) A 2
JH % 200 i R /0 R A A A e A O (SRR 8 2K A
2009; 15 MARAE, 20115 B IEE S5, 2011) , 35 Bl 752
164 TR 2 W) BT & LI i 480 & i 3% 72 (Lord et al.,
2002 ) 5 200 b G5 S AR 58 5 AT 38 i s e i 2
it AL A SR A Sl P A i ) B A5 K5 B (Howard et
al.,1998), Howard et al.(1998)45 H} , #2455 i 5 &
BT 0 T R R I [RGB AR 45 5 vy i JiE
52 B A G T E T 2. 73,
FAEAETRZEY R T 5 40 A 5 L AH DG A1 (Stan-
ley & Kim,2014;2019a,b) , i 7] LAJE S5 YL 4 B R
L8 40 i PPO BRI, DA TIT S22 M 1 248 A X A
{241 T (175 B 1 FH (Shrestha & Kim, 2008) , 1fif X 7]

REVE S AN P AR 2 3 20 M S i FVARTR e 2 (119
g0k LT

& H 22 1 4y HRCE R A R A L TR i AR Y
PO 7% 38 il (Chan et al., 2009 ;7% A 2%, 2011) , H.
FES R — 2 I ] P 2005 P B TR] P38 i 34
I CRE A MBRRE, 20145 445 7055, 2019) N #)—
TEREE G 22 R, 21 PO UG ME 5 4y % 1) R JRR e
i 1] K B 45 56 (Bali & Kaur, 2013) . AHFFE 25 R %
R, S R I R b B 6 04 4 HUY PO I 1
B A F AR T 5 F PBS Ab B, 512 HU 5 % %)) e 25 21
AEZ , T S R AT 51 I e b 2 132 0k 5 1% 40 HL 1Y) PO
T A 2 v T I 56 45 2R (Sun & Bai, 2020) ,
FEHFE AT BE 54 BRI A B AFTA G, RE
AR 45 Ah R A A ER 22 S AN (R AL A AR TR] 1Y
KB AR 5 25 55 T A T g s X 45
PRGN . AW R I, S AR T S
PBS b P 5 b 5 Ak 5 % 0 6 15407 1L PO TiE PRI TG
222 5 (A S RN T TR R b 9 3 i 5 140
POEM W E & T 6 b4 PO W& M. 9K/ E 4%
(2006) i 7245 Al R WY, AN RIS I Bl B B Boi 22
W Helicoverpa armigera I FN 1L 40 i PO 16 PR A7
TE2 5 IR 4 R PO TR TEE R T4 . 534t
AT T B b B 6 4Ty HUUAR EE R in 3 R TR
Hby TR 5 i 4y HE T s bR G 0 AT e s R M 4y
AR Az T AR DT A K R B R A AR
BIENREZ A AU BN S . R T i G AR = sl
BIZE R G, A WA HUR DA A0 A o2 D) R AR K S5
BHETR YIS B B R 2 (R AR AU s A AR AR
JIHETRA S P FE e e, (H e D e e A 1
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