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RORFC IR RS RE MR DG [ U Ba Th 248 T
WEAEM, (HHEF R A AT, InEREETE 5y,
GireE gy itk . RORE. BERERRSAE
(A, AR A MR o 2 AR 4 Rk, AT
LI IRT IR 255

2 E iz Z M k9% (Hyphantria cunea
nucleopolyhedrovirus, HycuNPV ) E.f 7 Jj 5 ,
MEFEL—, MAEMAFTLE, ARGREEL
R, R 28 B AR W BT v R — e IR R
PR B, A3 H Bl —E G, R
K B il R G RS, , A AR B TG A
BA ARG Tioh, B RE
P 3 T B R, PRI, e R
LA, AT 2 R AR RAE P 1 i — 1 4
0 BB R H1 2 T HycuNPV 2% B3 ) & Jig .
K, 5T A1 & B A5 2 5 HycuNPV 1) % HU3k
B AR ISR A SRR SR, U Y RN
A& HOE T N ) EE LR AR

3-IRNEER ( 3-bromopyruvate, 3-BrPA) HE
SRR DA FE TR 2 A eI, o R IEARE ™ ) v TN T
PRSI, WE R A2 i B T Bl ——
(‘hexokinase 11, HKII) f#47% H H A 48 A9,
CAMIERM, 3-BrPA 78 &% I n] T4 il e
AL ATP [y = AU I 2 i i 2 o 1 25 gm0,
BEFR e — A mAk . TCis YA R,
FEI HUE BT IR 71, R 3-BrPA X 75 il F AT
OB HA R, KNS 3-BrPA SIERK L AL
KR BRETES gpak, 3-BrPA Xi 3¢ [ (1 ik 4
AR EBEWEA BENIHEIERE, bk, AR
FIFH 3-BrPA 1k HycuNPV 4 LE M3 35, #8145t
3-BrPA X HycuNPV (155 3 52 i F0%F 3¢ ] 1 i A
KEBMZm, DFH 3-BrPA f£4 HycuNPV
1) 184 250500 4 v o o 0 8 T T e R RO,
HycuNPV % B 1) 32 i SRR AR S8

1 M5

KIE A AY
F A% 2 RN (HycuNPVv ) | 32
] P10 3 1840 ORI T ARDRHE) h A E Al B2 A 5
Bt PRl SO 0 R o R, 3 I 4l R TR
(25+1) C, FHXHEE (60+10) %, St
16 L : 8 D IR A= s, 3-BrPA (4=
95% ) M [ 4t a Z AR A YR R A FL,

1.1

1.2 MRFAE
1.2.1  3-BrPA #F HycuNPV #3gzc4k A ez 35
gk 3 iR 4 i E FFEHEA (©6.3cm x5.2cm)
LML AL 31 24 h, 3-BrPA ¥ 7 & 43 91 4 5.0,
10.0. 15.0. 20.0 fi1 25.0 mg-g™" i} ; 4l 1k Y
HycuNPV BRI RE R 3.0 x 107, 9.0 x 10°,
3.0 x 10°, 9.0 x 10° #1 3.0 x 10° OBs-mL™", ¥ I-
it 3-BrPA 5 HycuNPV IR &M E TR B, IRER
AT BARI T« e 3-BrPA M A BM & A
(20£0.5) g AN Tkl RME, FHFBEAREE,
B HycuNPV B im A, HARIE T, AR
d, FFRCEICHE K R IR ZE 2 0 B R 4y
103k, #HAE 3. AEREH 3dFHERICHR
2 [ R HBET RERFAET -4, 15 5 AR 4 HAE
T fbIHR A,
122 3% RZA R, ALEFHE G0
. PEHUKE R 9.0 x 10° #1 3.0 x 10°0OBs-mL™"
fl) HycuNPV, Fo Bl 4 5.0, 10.0, 12.5
F115.0 mg-g™" 119 3-BrPA X 26 [{ 11 3 54y i
P, AP ASTRI AL B 56 B iR gl A &% & T
I IR T IR EE e S5 A T
1.3 HIERHHT

W F Excel 2021 4t ¥ %t 45 , 8 F] SPSS
22.0 #F 17 probit 7+ 1 , 43 il 2K i 3-BrPA X
HycuNPV 3058 ik B ( LCso ) FIELE T B[]
(LTso), JHHBEZRIT 2508 (ANOVA), Tukey
test (P<0.05) srHrgh & B DI . i RPI{L
R
1.3.1 MRS L & R H HRUEHR FHIERL
fi% (Sg) HIE R (CTC) k&, I1H
N W/ (1IN
Sk = LCso(HycuNPV)/LCso(HycuNPV + 3 — BrPA) 111)

BrPA) x 100
(2)

E2C (1) o Sg WTHERITEM 22 X 5 B
EmAENR RN 2, g (Sg) >0, #ow
FHERAER; (Sg) <0, FomMFEPUER; (Sg) =
0, F/RNTCHIAE

a(2) MRS T390 B A AR R o b v
IR (CTC) =120, WIZH7E Bk R ML
EH s # CTC<80, W E/RILEHi/EH; 4 80<
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CTC<120, W RAHmAEHE>2e,
2 SR

21 AREAEXEER 3 884 B LCsy F115
HIERS

M 1 1, HycuNPV B 7 7E AN [F] 5] &Y
3-BrPAYEHITT, HENHIEEZES . 2 3-BrPA
FIEIMFiER 0 BF, A& HycuNPV 4% i 21
LCso Ky 4.362 x 10° OB-mL™"; Y4 3-BrPA By ¥
FIEALT 15.0 mg-g™' i, HycuNPV iy LCgo ¥

FXF AL LCso; M1 15.0 mg-g™' 3-BrPA i1y
HycuNPV 5 Xf BB A Lt , LCso 115 H i & 1 22
o WEL UL, B AN 3-BrPA By 5 S REAR,
LCyo 25 538 A5 1Y K [R) o) AR 4l 184 5/ FH o158 v
1, 4 3-BrPA BSR40 5.0, 10.0 #115.0
mg-g™" i, SRR (Sr) 479k 825.14 . 164.72
047, LR (CTC) 4%k 82 613.63,
16 579.25 1 147.27., ftnl WL, 7 5.0 #110.0
mg-g~" 1 3-BrPA X HycuNPV H47 B I} iy 3 &4 1
i, HETEWESE R RE .

F1 AREALEIEEEH 3 R4 R LCs FIERER ST

Table 1 Analysis of LC5, and synergistic effects of different treatments on the 3™ instar larvae of H. cunea
AFE Treatment Probit [E 1477 72 V- o WRAEE B S 4
Probit structural equation regression - o Synergy ratio  Co-toxicity coefficient
HycuNPV/ 3-BrPA/ o+ bx X df (OBs'mL™) (S2) (CTC)
(OBs'mL™) (mg-g™ y= R
y=-5.164 + 0.916x 24957 3.162 4.362 x 10° — —
5.0 y=—1.153 + 0.423x 19.308 3.162 5.28 x 102 825.14 82 613.63
HycuNPV 5
10.0 y=-0.915 + 0.268x 12172 3.162 2.631x10 164.72 16 579.25
15.0 y=—4.570 + 0.835x 15.401 3.162 2.962 x 10° 0.47 147.27
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AN[F) A B9 HycuNPV B PR 7E A [A) F) - 1Y 3-
BrPA fEH R B BEANFR 2 s o ARl EE Y
HycuNPV 7e R [l 5 & 1 3-BrPAfER T, HR o
RO AHIF . FEMRE A 3.0 x 107 OBs'mL™" /1§
HycuNPV F s il 5.0 mg-g™' 19 3-BrPA, LTy 5
B (3.112d), % 10.0 mg-g™' ¥ 3-BrPA Ik =
(3710 d); ZEW BN 9.0 x 10° OBs'mL™" 1y
HycuNPV H1 & i 5.0 mg-g™' i 3-BrPA, LT, 4
KRR, 159.724 d.

4 HycuNPV ¥ J& 24 3.0 x 107 1 3.0 x 10°
OBs-mL™" i}, %M 15.0 mg-g™' 1y 3-BrPA £ fii
LTso ZE K 5 %0 5.0 mg-g™' By 3-BrPA £ 45 Jid
LTso, FHLLECXTIR, 43-545%0 4.628 d F1 6.376 d.
24 HycuNPV ¥ & 7 9.0 x 10° OBs'mL™" i}, ¥
hn 3-BrPA # & ffi LTgo ZEH . 24 HycuNPV ¥ J&
9 9.0 x 10° i1 3.0 x 10° OBs'mL™" i}, ¥fn 3-
BrPA ] i LTso Bl 4%, HBEE 3-BrPA BN
FIEIBEAL, LTso MZEFBELHIK

24 3-BrPA I &~ 5.0 mg-g~' i}, XA
W B2 A 9.0 x 10° OBs'mL™" 1) HycuNPV [#) LTs,
FER T, HAMWIE K HycuNPV 1Y LT 210 8 45

b, HohykEH 9.0 x 10° OBs-mL™" () HycuNPV
() LTso 45 %8 I [E] e 1 (19.724 d) . 4 3-BrPA iy
IR 10.0 mg-g” B, W EESN 3.0 x 107,
9.0 x 10° f1 3.0 x 10° OBs'mL™" i HycuNPV #
LTso 46 58 T, HMEE N 9.0 x 10° OBs'mL™" [y
HycuNPV (¥ LT 4 fZHTH] (7.070 d) BB KF
HoAy 2 ¥R (4.030 d 1 3.280 d). 4 3-BrPA 1)
wimF N 15.0 mg-g”' B, A HE N 9.0 x
10° #1 3.0 x 10° OBs-mL™" ) HycuNPV ) LT i}
AR

i bRk, fE—E W R HycuNPV rhin AfI%
R 3-BrPA, 23 i E 4 S B A U
23 AELEMEEAHELHRELEHHENFMm

M 3P LIEH, REVEEER HycuNPV &7
WAEARRIFE R 3-BrPAMER T, SEHE FHIRL) HL Y
KB E LT Il (3 ) A8F 2 4E
Ko 24 3-BrPA (st —Ent, #BEEk 9.0 x 10°
OBs'mL™" ) HycuNPV Jgk L 14 55 [ 14 ik 4 . 3 #%
KE D7) R K R R ER K Tk Bl 3.0 x 10°
OBs-mL™"; #&9.0x 10°0Bs-mL™" #YJ HycuNPV
TR 1) 35 [ 11 My AR R B B ) A2 i ] 5 i
3.0 x 10° OBs'mL™" ) JLF L 22 5. Hrill &Y
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Table 2 Analysis of LT, of different treatments on the 3" instar larvae of H. cunea

4b¥T Treatment ) o
RIifE HHiE LTso (95% & {5 [X [H]) ST/d
HycuNPV/ 3-BrPA/ X df (95% CL)/d
(OBs-mL™) (mg-g™
0 CEEAD = — — — _
— 5.0 76.841 8.376 50.376 (37.552~89.993) —
10.0 79.666 8.376 29.177 (25.600~35.333) —
— 15.0 140.122 8.376 13.155 (11.326~15.302) —
- 127.582 7.000 7.740 (6.995~7.462) —
5.0 123.833 8.185 3.112 (2.059~3.982) 4.628
3.0x 107
10.0 103.306 8.185 3.710 (1.882~5.253) 4.030
15.0 184.018 8.185 8.979 (7.380~10.479) -1.239
- 25.139 7.000 7.115 (6.713~7.49) —
5.0 67.792 8.185 13.291 (12.320~14.337) -6.176
9.0 x 10°
10.0 88.002 8.185 18.002 (16.646~19.713) -10.887
15.0 214.010 8.185 10.084 (8.111~12.046) -2.969
- 53.590 7.000 11.187 (10.374~12.073) —
5.0 124.257 8.185 4.811 (3.604~5.842) 6.376
3.0 x 10°
10.0 124.418 8.185 19.498 (17.177~23.090) -8.311
15.0 218.346 8.185 17.465 (15.680~19.865) -6.278
- 112.563 7.000 14.835 (10.97~29.701) —
5.0 149.801 8.185 5.111 (3.574~6.405) 9.724
9.0 x 10°
10.0 224.020 8.185 7.765 (4.553~10.338) 7.070
15.0 70.566 8.185 9.832 (8.436~11.290) 5.003
- 30.358 5.000 15.293 (11.695~30.359) —
5.0 68.125 7.211 8.074 (7.306~8.821) 7.219
3.0 x 10°
10.0 38.211 7.211 12.013 (11.224~12.876) 3.280
15.0 41.304 7.211 11.496 (10.619~12.459) 3.797

VE: ST RN R HycuNPV R IR IN3-BrPA 45 LT 500

Note: ST represents the LT5, compared with the corresponding concentration of HycuNPV without 3-BrPA.

3-BrPA Fs M 15.0 mg-g™" i, YEEH 9.0 x
10° 1 3.0 x 10° OBs-mL™" ) HycuNPV JZ& 1) 3£
g4l L — LR AL

24 HycuNPV ¥ B —E R, [EE 3-BrPA AN
Rl TR, JE kg d 3 R F IR A
B ZEL ALK, Hg, 78 HycuNPV ¥ £
9.0 x 10° OBs'mL™" i, ¥ & & 15.0 mg-g™’
) 3-BrPA J5, JEE A k4 3k E K,
%t R ZH SiE K st ] =535 9.00 ds
24 ARGEXNHYHDTFEE MERDBPLEY
=20

TEARIHEE B HycuNPV PR AR [ 1 3-

BrPA, JEUL 3 [ Mk 3 14 S B BAAE R L b
BRSSPI R WK 4 Frs . 24 HycuNPV [ &
3.0 x 10° OBs'mL™", U+ 3-BrPA ik 12.5
mg-g™' IF, [ kAN HEAETG R 10.00%, 1k
W AP % 1)k 33.33%; 7E 3-BrPA HA IR
IR T, S AL R R IERE N 0, otk
I, WP, 24 HycuNPV BY¥E BE N 9.0 x 10°
OBs'-mL™" i}, K% 3-BrPA ¥R & 1 FEI%, 2
] 1 e &0y R TR R T %, fmioh 30.00%,
A% 13.33%; 3-BrPA ¥ I # 44 5.0, 10.0
1 12.5 mg-g™" A, S IR A ALK 5 )k
66.67%. 25.00% F144.44% , PHEAIYIN 22.22% |
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Table 3 Effects of different treatments on the larvae development duration of H. cunea

AbEg
Treatment

3K E M JEA R (7] AR R (ShED ZEK R[]
HycuNPV/ 3.BrpA/  Duration of 3" instar larvae/d Extended time/d Duration of larvae stage (From 3™ instar) /d Extended time/d
(OBs-mL™) (mg-g™

0 (WK — 3.67+£0.333¢c — 9.00+£0.577 ¢ =
= 5.0 8.67 £0.333 b = 13.00 £ 0.577 b —
— 10.0 9.33+0.333b — 15.00 £ 0.000 a —
— 12.5 10.67 £ 0.333 a — 16.00 £ 0.577 a —
— 15.0 11.67 £0.333 a — — —
- 3.67+0.333¢c — 9.33+0.333¢c —
5.0 8.67 £0.333 ¢ 5.00 15.00 £ 0.577 c 5.67
3.0x10° 10.0 9.33+0.333¢c 5.66 15.67 £0.333 ¢ 6.34
12.5 9.67+£0.333 ¢ 6.00 16.33+0.333 ¢ 7.00
15.0 12.33+£0.333¢c 8.66 KA =
- 4.00 £ 0.000 ¢ — 9.67 £ 0.667 ¢ —
5.0 9.67 £ 0.667 c 5.67 15.33+0.333¢c 5.66
9.0 x 10° 10.0 9.67 £0.333 ¢ 5.67 16.00 £ 0.000 ¢ 6.33
12.5 10.33+0.333¢ 6.33 16.67 £ 0.333 ¢ 7.00
15.0 13.00 £ 0.577 b 9.00 A A =

i RPEEE T £ FRAER, AR T REOREA F AR T p<0.05/KFER R E .
Note: The data is average * standard error in the table, different small letters indicate that the p<0.05 level is significantly different under
different treatments.
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Table 4 Effects of different treatments on the overall survival rate, pupation rate and emergence rate of larvae

AT Treatment
YR EAFIEZR £ PR % T2 + bRk 72 P + bRiEiR%E
HycuNPV/ 3-BrPA/ Overall survival rate + SE/% Pupation rate + SE/% Emergence rate + SE/%
(OBs-mL™) (mg-g™
0 CEHA) — 83.33+3.333b 92.13+3.955 ¢ 91.07+4.495¢
— 5.0 83.33+8.819b 59.29+9.285¢c 77.78+11.110¢c
— 10.0 46.67 +8.819 ¢ 40.00 + 13.879 ¢ 33.33+33.333¢c
— 12.5 33.33+3.333 ¢ 33.33+19.246 ¢ 0
3.0 x10° — 73.33+8.819b 89.68 + 5.206 ¢ 69.44 + 19.445 ¢
5.0 0 = =
10.0 0 — —
12.5 10.00 £5.774 ¢ 33.33+33.333 ¢ 33.33+33.333¢c
9.0 x10° — 30.00 + 10.000 ¢ 62.22 +23.201 ¢ 61.11+30.932 ¢
5.0 13.33+8.819¢c 66.67 + 33.333 ¢ 2222 +22.223 ¢
10.0 20.00 +11.547 ¢ 25.00 £ 14.434 c 33.33+33.333¢c
12.5 30.00+11.547 ¢ 44.44 +29.397 c 9.52+9.523 ¢

e RPEEARE T £ ARAELR, AT RROREA R R p<0.057K T2 5 %

Note: The data is average * standard error in the table, different letters indicate that the p<0.05 level is significantly different under different

treatments.

33.33% #19.52%.

24 3-BrPA s IRl & — 5, He Rk 3.0 x

10° OBs-mL™" ) HycuNPV & 1 35 [E 11 1% 4
SEIE L R SR R I T B 9.0 x
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10° OBs'mL™" /i) HycuNPV,, Sk

3 ittt
3-BrPA MIREE AR R, LM, X5
ToE, AR —FEA R R RGN, ©F
R, SRR 3-BrPA XF4k d Finss F ik A
FEIEMER, BARHIE 3-BrPA Al ffik i Kk H
DidAsE, 95 [ IR AR K R B A EINER (H R,
AN 3-BrPA FE A IERGR 5 HoAth A= 9 2% e &
i, AW % B 3-BrPA REWS 5 HycuNPV B4
YERD, BEHES T HycuNPV fUEE AR dUd ), X
KB EMSAEN (FR1, 2), HEm 3-
BrPA 14 5 i B AR B, X HycuNPV (1% 3 24 % %k
(Sg) A RE (CTC) Mg, Hrh 3-BrPA
3 5.0mg-g”" iif, Sg A1 CTC Wfifck. 4 3-BrPA
A A& 5.0 mg-g™ i, AUAREESN 9.0 x
10° OBs-mL™" i) HycuNPV [y LTs ZERK T, HA
W LTso M 450, HAhWwEH 9.0 x 10°
OBs-mL™" ) HycuNPV ) LTgq 45 5 i) i K . AR
i Sk« CTC. LCso 5 LTso LRGHE, MIHIKAN
AERAEC LA . 9.0 x 10° OBs-mL™" HycuNPV +
5.0 mg-g~' 3-BrPA,
FONEE N, 3-BrPA RN, {ff HycuNPV

XT3 [ k4l B AR R B A AR
(% 3), i HycuNPV BFI/E F s B 48, R 3
HUR AR BRYSR AL, 1l AR R R R K
— B A K R B IR, H A R E
IR, BACE HURIR AN B T > E Y
o ERT . it HycuNPV F1 3-BrPA Y4 1 A
{URIE TR REAS B HIME I 45, ikeh T H
BEABEEG, DA RANE] 7% 3% R M EY
e ERREE, PEITRENR A B A A A E Y 22
TR HR . Beah, BB KB, 3-BrPA L
HycuNPV 15 &1 FI XL il R A PIE R AT — 52 13
M (% 4), A 3-BrPA J5 Akl 2 5 Pk R 4%
Tl i B HycuNPV, [R] Bl 7 HycuNPV 55
BERE AL A, 3-BrPA s T HAE AR
RSO A 2 e, T, 3-BrPA fiE2
A HE B S A FRAR R T

4 i

3-BrPA 1 s X HycuNPV B A7 3 &5 4/ H
A HycuNPV $4I5r 1) HAT 0 FH RGO HEIGR 7
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Synergistic Effect of 3-bromopyruvate Combined with Hyphantria cunea
Nucleopolyhedrovirus Against Hyphantria cunea (Drury)

LIU Rui-xia'?, LI En-jie*, BAI Chao*, WANG Qing-hua', DUAN Li-qing

(1. Institute of Forest Ecology, Environment and Nature Conservation, Chinese Academy of Forestry/Key Laboratory of Forest
Frotection, State Forestry and Grassland Administration, Beijing 100091, China; 2., Forestry College, Inner Mongolia
Agricultural University, Huhhot 010019, Inner Mongolia, China; 3. North China Forestry Experimental Center, Chinese

Academy of Forestry, Beijing 102300, China; 4. Xinhai Landscape Engineering Co., Ltd., Beijing 100018, China)

Abstract: [Objective] In this paper, we used 3-bromopyruvate (3-BrPA) as a biological synergist of Hy-
phantria cunea nucleopolyhedrovirus (HycuNPV) to investigate the effect of 3-BrPA on the virulence of
HycuNPV and the growth and development of Hyphantria cunea, which will provide new synergist re-
sources for the application of HycuNPV insecticides. [Method] The synergistic effect on HycuNPV was
analyzed by adding different doses of 3-BrPA incorporating with HycuNPV in laboratory. [Result] The
bioassay results showed that 3-BrPA had a synergistic effect on HycuNPV. It could not only improve in-
fectivity of HycuNPV, but also increase the insecticidal speed. When the dosages of 3-BrPA with 5.0, 10.0
and 15.0 mg-g™" were added to HycuNPV, the LCy, of HycuNPV in the 3™ instar larvae of H.cunea de-
creased. The synergistic ratio (Sg) of HycuNPV were 825.14, 164.72 and 0.47, and the co-toxicity coeffi-
cients (CTC) were 82613.63, 16579.25 and 147.27, respectively. Different concentrations of HycuNPV
had different insecticidal effects under the different doses of 3-BrPA. Added different doses of 3-BrPA, the
LT5o of HycuNPV against the larvae were shorten by 3.280~9.724 d. According to Sg, CTC, LTg, and ST,
the optimum synergistic effect was observed: 5.0 mg-g™" 3-BrPA + 9.0 x 10° OBs-mL™" HycuNPV. In addi-
tion, the combination of 3-BrPA and HycuNPV significantly inhibited the growth and development of larvae,
and the pupation and emergence rate of surviving larvae were significantly lower than that of the virus in-
secticide alone. [Conclusion] 3-BrPA has a synergistic effect on HycuNPV, and is expected to be an ideal
synergistic resource of viral insecticides.

Keywords: Hyphantria cunea nucleopolyhedrovirus; 3-bromopyruvate; Hyphantria cunea (Drury);
Synergistic effect
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