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i E [BM)] WS E R RREE (FIFR: Wb ). R im0 . KO RAE S0 4
s R R € E AWk Hyphantria cunea %) MU 2% BUIG PE, 0 98 o8 1 5€ [ P9k A2 78 22 A 1A 7
( Hyphantria cunea nucleopolyhedrovirus, HycuNPV ) JRHC/G HAT W SU/E RS 5], A HamER
BEELB, MR A5 26 E IR 0 R sk Bin iR it ikin s . [ Ak ] ISR A 3 4 ihim, RAA
T A 2 TET O A1 35 43 ) 36 0 1 A R 2 M R B R 4 AR R ORI #E 0 o R SE R R 0 F A 4
A R 5 HycuNPV IRELS AR RSO, BIHEA 238 B E R A A2 R ORI 5 LA A 9 e A0
AR, [ R MKy 4 FhoR R SE g 3 4l HUr) R 1 K/INIUT Ay FE 2> Ak U 48 >
KENF>208, HEGLhHkE ( Medianlethal concentration, LCso ) #UH 0.021., 2.149. 4.522 F170.255 mg-L ™',
HycuNPV 55 B 42543 51| LASKOE ik B VR AL 5 2R B0 B8 S E H , HWIE R AL 1 9 BB fE ol
B3, HIESOAE N 29.06 1%, B E] ( Median lethal time, LTso ) 51X A HycuNPV 4l H4558 T 2.89 d.
(48 ] 4 Fbos dUm] b FP 2l or 56 1 gk 3 4 A 0 fies , HL'S HycuNPV &L IS B fic i 35 (I8
JHo 24 HycuNPV 5 H 4EE8 (1l B 350 0.021 mg-L ™' A1 1.18x10° OBs-mL "', HAKFREL N 1 : 9 WAL
(R ES =350
XER EEON; BMESMAKKE; ¥ RRF,; HMEEH

The synergistic effect of HycuNPV on four
common chemical insecticides

L pEE 1 . 2 .1
XIE Dan-Jie LIU Yun-Peng' WANG Hai-Peng” LIU Cheng-Lin
. . . sHkok
ZHAO Tong—Hal1 QU Liang-J jan'
(1. Key Laboratory of Forest Protection of National Forestry and Grassland Administraion, Ecology and Nature Conservation Institute,

Chinese Academy of Forestry, Beijing 100091, China; 2. Beijing Jingxi Forestry Administration Office, Beijing 102300, China)

Abstract [Objectives] To compare the insecticidal activity of four commonly used insecticides; emamectin benzoate,
beta-cypermethrin, chlorobenzuron and matrine, on the larvae of Hyphantria cunea (Drury), in order to determine which have
a significant synergistic interaction with the Hyphantria cunea nuclear polyhedrosis virus (HycuNPV). [Methods] Groups of
3rd instar larvae of H. cunea infected with HycuNPV were treated with one of the four chemical insecticides above using the
artificial feed surface coating method. The synergistic interaction between each insecticide and HycuNPV was then evaluated
using the co-toxicity factor method. Those insecticides with a significant synergistic effect were identified, and the optimal
pesticide: virus ratio and concentration was determined. [Results] The relative toxicity of the four insecticides tested was:

emamectin benzoate >beta-cypermethrin>chlorobenzuron>matrine, and their median lethal concentrations (LCso) were 0.021,
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2.149, 4.522 and 70.255 mg-L "', respectively. A combination of emamectin benzoate (0.021 mg-L ') and HycuNPV(1.18x10°

OBs-mL ') had a significant synergistic effect. A pesticide: virus volume ratio of 1 : 9 resulted in a 29.06 fold increase in

mortality and a 2.89 day reduction in the median lethal time (LTsy) compared to HycuNPV in isolation. [Conclusion] Among

the insecticides tested, emamectin benzoate had both the highest toxicity to 3rd instar H. cunea larvae, and the greatest synergy

with HycuNPV. Optimum toxicity was achieved at a concentration of 0.021 mg-L™' emamectin benzoate and 1.18x10°

OBs-mL 'HycuNPV and a volume ratio of 1 : 9.

Keywords Hyphantria cunea; nucleopolyhedrovirus; chemical insecticide; synergistic effect

& [E 1% Hyphantria cunea ( Drury ) Jg& 533
H Lepidoptera H % M #l Erebidae 4] ik IV 7}
Arctiinae ( Zahiri et al., 2012, 2013 ), &2 HZEHK
[ P62 35 B ( Schowalter and Ring, 2017;
ZEPRILAE 20185 Wuetal.,, 2019; Yuan et al.,
2020; BILLMAE, 2022). HIRARELR, Z%
FIMCAE 28 TR B &I U™ G F
(TR, 1993; RifgTAE, 20125 PArF4E,
2018 ), LA, SEIE ik T B R VAL AR
VLI AL A5 R ML DX, B b i L A ) A 4
Hb, FE TR PR AT R R R 2 T LR (O
Bs%, 2021; ®)H, 2022), JLFEEBRL
Y5 AN, 32 B O R AP TR ™ E R
2 i B ] — ] B e MR 18 M 371 Sy A6 928 %of
RINERANRIEF A (B REK KL, 20075
TN, 20185 HA4EE, 2022), HRIEEZAMOL
FIHLJ Jay 2022 4E56 5 504, FRIEISE [ g
Xk 14 M8 (AR, B el ME
RATBUX (E MM A5 R EUF I, 2022 ),
FAEERLA 73.14 1 hm® CBMEARSE, 2022),
J R M R RO A 25 S B RN SE e P R

b2 2% BRI FE 36 B R EE A in B rh R 3G
WEAEH, =R R, AU K
IR TS Je M i 2 RE PR e 20 S5 A A8 R A, i HL
XFN B R AR 3% A B R 3 B — s 19 7 T 52
(Silvaetal., 2011 ), Bk, BRI
P12 1 AR 24 0 FH SR 2 B T 56 [ 0 B e Al R
fit e i BLF ] 5 ( Edosa et al., 2019 ), [
i ¥ A Z ffi 4k % #  ( Hyphantria  cunea
nucleopolyhedrovirus, HycuNPV ) J& S8 3 &
W AR 245 T A BRARZE W) R HOR) B iR RIOR S
( BEmAE, 2009 ), {HH RS | N I

ARE = A S 2 HycuNPV ) K T AR HE ) 0 R i
RO PR . Y ETR R AU S AR R 2k
BT BRSO ARG AR TR R R A K
RMFFFEES T R Ak (32555, 2003;
TLHRRSE, 20135 XIS, 20135 FARBEAE,
2020 ),/H3&F HycuNPV 51k~ % di R B U H
ot FH A AR BRI D0 B A HR A8 A5 LA 36 ] 1 ik
L HRCONERAR R IR, BT 4 FORTRIVE FALEE G H
b2 25 HURIGS 36 [ R 4 U B8 T8GR, F 5T
5 HycuNPV IRECHM R HIHA, Suifby Al
F PRI 7 R R R AT, FE B B iR Ak
MRS, 82 2E A 25 i A8 R AR A 75
BCARI EL R, TN 4 o 55 ) 1k v A B s 2 A4
ISR S%

1 HEERE

1.1 KISk

5 B i ph e RN B 2 AR A e AR A S
RS A SR O35 B B A s B 500 B
2R N AR E 22 57 20 ARLL L, BlEenst
VRIS — Bl e 00 3 #8951 1 ke 4 46 11

HycuNPV ik i AR SE I8 22 AR A7 AR AIE, 3
ST 1.0x107 OBs-mL ™ He B E% e 3 i {aRES)
U, SRR AET R B, &t PR AR R Al R T
B, SRIGET 4 CUkKF PR, ke ks
R 5% G BT AE B 2R 2R H R R K A Esok: (]
e R R AE YR A A A, IR 4EEE
EMB ), 0.5%#ZHK5H Cldbh et Rk
BABRAT), 25%KNIRETER (Frmaskdik
A RAF] ), 4.5% 3 F AR AL (L
H R RAEDI R A BR A F] Do
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1.2 EBF*

121 BFEHWE WWWLEMLER, &
HycuNPV Fl 4 Fffb2 2% HUR) 43 51 FH TG 1R 2518 7K
A AR B 5-6 YR HycuNPV Hi B 5 Mk & 107,
10°, 10, 10*F1 10> OBs'mL " '; FZEELFRAY
BURU A 25 JifE. 50 Jif%. 100 Jrf%. 200 J5
51 400 J7 A5 ; SRR B AEBETR BAEECH 2 000
f. 4 000 1. 8 000 . 1.6 Jifi. 3.2 JifiAi
6.4 J1f%; RANMRFRRATECH 2 500 £% . 5 000 1
1 Jifs . 2 it 4 JIEA 6 Jifis S hei R
fE%0k 25 35, 50 4% . 100 f% . 200 f%F1 400 1%,
KN TAARER R A ( Thamthiankul ef al.,
2008 ) Xf HycuNPV Al [it 4 Fhfb2g a8 kA7
B E

7E B UERAR (R4 6.3 emx 5 5.3 cm )
BIAZ 15 mL EE A A TAETEIR A KRS
H, SRIGEL 200 pL RRINZ550134 50 AE N T ARk
T, HARBETERHFYLEE 240 5 KHE—203
W4 fe R S [ P gk &l A B N T R T R
AAbFE 30 3k, EE 3R, LUITCHIKIE RN,
R OB RO 78, AT TG B T4 A 4
SRIAFR SR . B 24 h EKIC 4 R FET- 1,
HESTWHT- R EE; AR RKET
20%, MRS, F Abbort 23 35 A ] b 3
FIRE IESET R

FET3 (%) =FET /AL 3L %< 100,

MIEFET R (% ) = (RbHIFET- 3 — X BEE
T2%) / (1 =X RFET-% ) <100,
122 HBEFHNE  HRIEAFIEE S0 e L5
155 HycuNPV (A ) Ffb2ERHF] (B) B
FIRE A AR BE /0500 a F b, ARIE kL kb
AIPEIZ 7555 53 55, 1 a/5b. a/2b. a/b.
2a/b il 5a/b 5 N E, K H Mansour 45 ( 1966 )
Ay FE K 7% (Co-toxicity factor, CTF ) #J4F
B A+B IR IERE ARG . BLRRCHI T2
Jelic B HycuNPV FlIAL2F A% HURI P B350 A4 35008
WRE 2, FREARRRIL 105, 1:2,1:1, 2
LA S : LIRA, A0l A RIEC L iR ik T2
FIE . A2E SRS HycuNPV & Y (935 i
EHEERE 1.2.1,

HHBAET 3 (% ) =A 2457 LCso SEPRIET - Hex
A FEIRF AT &7 FE ) + B 255 LCso SEPRIET 3 x
B VR BT i L A

e F= [ (FLPRIET-H - HIRIET R ) /
HISAET- % | %100,

HFEHF>20 HHAEH, < - 20 MFEPUE
M, EERTAT - 20 5 20 ZE HAHEMER.
123 BILLEMNE HEHELERTFRKT 20
(A2 G ifE— 20 JEE A Ve, AR A St
HycuNPV Flfk2¢ % 7] 7 B 1y SOE Hh ik
JE, % HycuNPV FIfL 5 1: 9, 14,
3:7.2:3,1:1.3:2,7:3,4:1Ff9:1
AT IR A, A8 3R EC TR, FARHESE
ToRIG IR ORI BE R 5 NIRRT TR 1y
ME . SHXNEEIH (2013) B, SRR
Al ( Synergy ratio, Sg), PAILRPEHAIRIEL L
PIMERLVE T oAb R RS HycuNPV & L (1Y) 5
e kA 1.2.1,

A3 U A Sg=HycuNPV ) LCso HycuNPV+
fe2f R 7)) 1 LCsoo

BERRSE> 1 ISRUERT, =1 SAAEIFEA,
<1 NFEPUER.

1.3 HESW

Bl 7 Hr R F SPSS Statistics 22.0 k{4,
R AS [7) 245 30 A5 2008 43 Wk 38 %) b 51 1 5 [
1 8% A6 T B T HE (715 4387 ( Probit analysis ),
SRS EIA R (6. LCso fH L H 95%H
HS

2 GBRE59H

21 BRIZHWESER

4 Fiflp % AU 95 0 3 WA 4 L
MRRZE AN 1 PR, 25530, dhlag R i
FU R AEER 5 1R, H LCso M 0.02mg L7,
TR A%, H LCso 2l 70.255 mg-L ™',
o S A TR K 2 IR LCso 4051 2.149
mg-L ™' F14.522 mg-L~", 4 Fh2h )2 E i 3
W& 40 R 3 AR Ry . R AR > E A R A
fig> K4 x> S0k . HycuNPV 535 A& HL5) X}
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&1 HycuNPV 5 4 MR HFIXEE B 3L RNEFN
Tablel Toxicity of HycuNPV and four insecticidesto the 3rd instar larvae of Hyphantria cunea

b FIEEDRE  BRIER e e oswli SR l(mg LYy gy MRRE

Treatment Toxicty reewion S@hdd Loy 9CLmgL ) 2 @) oot
S AL A A »=5.316+3.132x 0.706 0.020 0.014-0.025 0.363 0.924
5% Emamectin
benzoate ( EMB )
4.5% i UH A TR y=-1.161+3.493x ~ 0.253 2.149 1.774-2.525 0.070 0.977
4.5% Beta-cypermethrin
25% K4k y=- 0.685+1.046x  0.250 4.522 1.732-8.009 0.303 0.831
25% Chlorobenzuron
1.3% %506 y=-2.335+1.265¢ 0213 70.255 41.350-109.941 0.365 0.888
1.3% Matrine
EEAMERZ AT )= - 2.668+0.439x  0.064 1.18x10° 6.20x10°- 8.715 0.855
HycuNPV 2.72x10% OBs'mL !

[ P 3 4 HUAY LCso 2 1.18x10°0OBs'mL "',
22 HEIMERAMESER

221 HycuNPV 5 4 #h R B S B Xt £ E 51
FHEMEEE  FHLEHEE R 4 Fifk
2 HycuNPV IRFLS MR SR, &
2 A[Hl, HycuNPV S5HIZEEE7E2 01, 11, 1
2. 15 I MIREC A B s ae e, HEE

FHRTHN 3145, 23.45, 31.66 Fl1 32.45;
HycuNPV 5 = U8 546 TG Al SR e s g
HFB/NT - 20, RILLFEPEA 5 M HycuNPV
5 RGN B g R T 3R BT - 20-20 2
[H), 7 BACR R ATIVER , IR BA B E
Mo B, e PR hiE 5 5 HycuNPV IR
i A fb 22 2% ORI, JF 4RSI I 5 St FE RS S0
ik g Y o

&2 HycuNPV 54X AR SEEEE A 3 WA RNEH

Table2 Toxicity of HycuNPV combined with four insecticidesto the 3rd instar larvae of Hyphantria cunea

A H LC-PLRMAT-H(%) TR SEPRAETZ R
L4 ALCPARIMIAC) BECR SRR
[T Mortality derived from (%) (%) i
Composite formulation Ratio LC-P line (%) i Co-toxicity
A+B Theor.etlcal Act.ual factor
A B mortality (%)  mortality (%)
HycuNPV+4.5% 5:1 47.20 0.50 47.70 17.78+1.66 - 62.73
R st o A T
AR 21 45.60 5.50 51.10 17.78+1.01 - 65.21
HycuNPV+4.5%
Beta-cypermethrin 1:1 43.40 16.30 59.70 20.00+1.73 - 66.50
1:2 40.40 29.30 69.70 53.33+2.23 - 23.49
1:5 35.40 41.80 77.20 46.67+0.92 - 39.55
HycuNPV+1.3%77Z: b 5:1 47.20 15.20 62.40 37.78+2.03 -39.46
HycuNPV+1.3% Matrine 2:1 45.60 25.90 71.50 15.56+1.46 - 78.24
1:1 43.40 33.60 77.00 53.33+3.68 - 30.74
1:2 40.40 39.60 80.00 53.33+£3.68 -33.34
1:5 35.40 44.40 79.80 20.00+1.63 - 74.94
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4E3R 2 (Table 2 continued)
7 H LC-P ¥ R ( H 2% SRR TR
A #rF LC ! %%EI’J?EEE %) WHIFET- R SEPRAETSR ST
) ) e L Mortality derived from (%) (%) 7N
Composite formulation Rati LC-P line (%) i Co-toxicity
A+4B atio Theoretlcal Act.ual factor
A B mortality (%)  mortality (%)
HycuNPV+5% Hl 2 5t 5:1 47.20 0.40 47.60 33.33+1.19 -29.98
By 248 10 2 R PR 2:1 45.60 6.80 52.40 68.88+7.35 31.45
HycuNPV+5% Emamectin )
benzoate 1:1 43.40 16.00 59.40 73.33+5.71 23.45
1:2 40.40 28.80 69.20 91.11+7.19 31.66
1:5 35.40 40.10 75.50 100.00+7.94 32.45
HycuNPV+25%K 4k 5:1 47.20 20.80 68.00 68.87+3.19 1.28
HycuNPV+25% 2:1 45.60 30.90 76.50 80.00+5.93 458
Chlorobenzuron
1:1 43.40 37.70 81.10 97.78+7.76 20.57
1:2 40.40 42.75 83.15 97.78+7.19 17.59
1:5 35.40 46.70 82.10 97.78+7.76 19.10

A: IBFIT HycuNPV BT AR B: IRFIF R EHT S AT (HycuNPV. ER0A S A4ME46ES . 3. Mt
W] £ T 25 4 T Rk % R A1 R 0 T sk e i 3501 4 1.18x10° OBs'mL ™', 2, 70, 0.02 #14.5mg- L"),

A: The volume of HycuNPV in the mixture; B: The volume of insecticide in the mixture (the formulated concentrations of

HycuNPV, beta-cypermethrin, matrine, emamectin benzoate, and chlorobenzuron were 1.18x10° OBs'mL ", 2, 70, 0.02 and

4.5 mg-L "', respectively).

2.2.2 HycuNPV 5 B4 h i) & (18 3R LE i
i OEIEHE TR R A AN
HycuNPV-+H 4 b (il 3LRl F, pE— 3 5 4k T
Ll 0 2 348 5 A8 50 AR B B AE L IE L 1 . HycuNPV
HH4eEh iz ® 9 M AFEL L ( HycuNPV @ H
AEIRIRBC BN 9 1 1-1 0 9), EE)E % 3 #3E
P10 &0 HL )R 0 e 25 SR R 3 BTR, TR
ER 9 AR, 91 1-3 17 AYBARK LA 2 )
J90.46. 0.47. 1.03, 4.95, 2.59. 6.75 il 7.64,

BRI —E W RIERAERT, 2 - 8 F1 1 1 9 LI
TSR P Bl B 2, B (E 230 o 20.99
F129.06, K, 4 HycuNPV FIFFZEERLI 1 : 9
OREN ANV =N TosB =g s T A < 3 B i
TR T 1 700 A 2 BB R ) LTso (3R 4)
HycuNPV ZbH R ) 7.530 d 46%5 &£ 4.639 d, 2
TP R (B 1) Wl I B A, ZidfE
4 00 08 S [ 1 i 4l R R SR T AR AR 2R T —
il HycuNPV,

% 3 HycuNPV 5H%$h & B A [E B bk Xt 3 E B 84 A8 8E A
Table3 Synergistic effects of different proportions of HycuNPV and emamectin
benzoate on the 3rd instar larvae of Hyphantria cunea

HOE i B <10
» . - v
ere(Asp) BAEDIR B gy REEC g HET A
Ratio (A : B) oxielty regression Standard LCsox10° orre aFlon Synergy ratio  Interaction effect
equations error 0 coefficient
(OBs'mL ")
9:1 y=0.672 - 4.307x 0.316 25.56 0.973 0.46 5410 Antagonism
8:2 y=0.829 - 5.304x 0.466 25.13 0.964 0.47 H5¥U Antagonism
7:3 y=1.120 - 6.790x 0.481 11.49 0.931 1.03 AHAI Addition
6:4 y=1.532 - 8.237x 0.316 2.39 0.970 4.95 A% Synergism
5:5 y=1.420 - 8.039x 0.465 4.57 0.994 2.59 4% Synergism
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£E3k 3 (Table 3 continued)
S T o BOERWRIEX10° .
Ri(a:p) BOHNIR f“’iﬁd (OBsmL 1) C*Eff‘?& WA L A
Ratio (A : B) oxicity regression tandar LCs0x10° orre a.tlon Synergy ratio  Interaction effect
equations error 1 coefficient
(OBs'mL ')
4:6 y=1.720 - 9.018x 0.319 1.75 0.988 6.75 H4% Synergism
3:7 y=0.965 - 5.007x 0.237 1.54 0.957 7.64 H4%% Synergism
2:8 »=2.288 - 10.869x 0.251 0.56 0.947 20.99 H4% Synergism
1:9 y=2.768 - 12.757x 0.508 0.41 0.997 29.06 HI% Synergism
A: JRFH HycuNPV I 5 IR B WG R ORI 5 IR R ( HycuNPV K F G Be] 24 PR 28 26 FF R 46 1 1 o vk 2

239149 1.18x106 OBs-mL "' 1 0.02 mg-L '),

A: The volume of HycuNPV in the mixture; B: The volume of insecticide in the mixture (the concentrations of HycuNPV and
emamectin benzoate were 1.18x10° OBs'mL "' and 0.02 mg-L "', respectively.)

% 4 HycuNPV #1 HycuNPV+EMB (1:9) &I TEE A 3 4 HAYF LT T/ E
Table4 LTsof the 3rd instar larvae of Hyphantria cunea under
HycuNPV and HycuNPV+EMB (1 : 9) treatment

o | i SN Y w N N
b B . *‘“fji @Eﬂf_ 95% #-15 X 8] (d) gﬁiiﬁ BT IE (d)
Treatment oxicity regression 95% CL (d) orre a‘ ion LTy (d)
equations coefficient
HycuNPV y=0.525 - 1.895x 6.185-7.842 0.973 7.530
HycuNPV : EMB (1:9) y=0.483 - 2.239x 4.144-5.225 0.990 4.639

EMB: H#ZEE Emamectin benzoate.

100 _a HycuNPV+EMB

@ —— HycuNPV

T 8o0f
AR
o\c -
{:Jr%’ 60 |
118
Re 40r
g
Bk

§ 20

0 r'y 1 1 1 J
0 2 4 6 8 10

AbBHATE] (d) Time of treatment (d)

B 1 HycuNPV #1 HycuNPV+EMB (1:9) BT
EEOH I WY HMRITIRTE
Fig.1 Cumulative mortality of the 3rd instar larvae of
Hyphantria cunea treated with HycuNPV and

HycuNPV+EMB (1 : 9)
EMB: H# £ Emamectin benzoate.

3 it
Bt 75 5 G A S ) 25 R0 % ob 3L A

SRR A RS PHARSOR T ERRZ
—o FREIFE (2005) # 6.67 mg-L " HBEHEAN
HAE RO AZ R 2 M 05 5E ( ACNPV ) IR G1E
FHT 308 4 I THZE M, LTso 885 —{8 Fi] ACNPV
434656 10.8%F01 6.5%, [F] it 25 3k T 4 i
EREE. B4 (2008 ) ¥ HycuNPV 5 Bt
SO 36 [ IR Ay AT R I, B LIS P
SR AR W B AOE R, JF BOWE LTso 460
0.5-2.1 d. Déader 55 (2020 ) i 75 R L0 bk i%
BIZ R EE ( ACNPV ), B A% 5 £ f
{5 EE ( SpliNPV ) il 7 Ak 2% Hu A TR AL
S5 R AR B R ENBR R | BT 4R B 2 RN U R R
5 AcNPV Fl1 SpliNPV B4 F X 1 75 £ S0k ik
I ISR %) BTG B PR [RI3E 5 H o AR5
TSI E HAEEL . m AR AR . KAk, S
BB A1 HycuNPV X 32 [ 1k 3 ¥4 sy, 4
T 2% HURI A 2500 35 ) AR BI/IMR GO 456 5
R F AR KA S5 S0 i — W58 K3,
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HycuNPV 5 H 4G e iy 4 A Hc Hb B 3
WAEF, 5% HycuNPV+H 4R 1Y 9 B LR
IR RBOEHATIRG T 00T, SRR, 2
] i A ) 2 A A R S SRR RR L AE 9 ¢
1-1 09 Z P RMHIHAER, HAE1: 9
b B AR 5 B L, BERLAREGE 29.06, LTs
L5 —f# ] HycuNPV AL, 46%5 T 2.891 do Af
R A, B E HycuNPV 5 H 4 & it 5
S —EREPER, B HycuNPV ¥ & 27 %
ARCRIT R A R vl Bz e, PR R I R 1
SMAEFBIS . Allah %5 (2020) IIIFRZERSZ
FEARL, % v 70 o 04 A A% U L £ A R
(HaNPV ) MIZHZ RER IR G AAERUE
. CAEMREY, NPV HRRFIREE
PUAE R AT RE S i T RV ) i BRIl B R s i
pH {8781k ( El-Helaly and El-bendary, 2013 ),
{H BRI FRIR AT

TEARMFH, HycuNPV 5 H 4 Eh 43 fi fii FH
JE IR FELHRE N 10° OBs'mL ™', AR A
BHCHTH 1/100, 5% H 4EER 7004707 410 55 [ 1 ik
BT B 4 0 T AR BEAS 45 1 000 %, E LS
PIFR RS ECH 180 T3 % , Mt FH A R R 3 S5k 1
1/1 800, AUffdke 1T 3 B A s B8 A% HOR A
L AR HGEEES AR, i EAR R T ik
L, BRIR T ARG R RIAE S R S5
SR, AAEIE I 25182 36T S IR B 10 25
S, PRI SEBR B TR R v A et — 2D ik, ik
4h, HycuNPV L5 F 2R TR e (i P 0 38 5L ot
AR, O HREE T, R A SRS R E
FIFE M 5, PR ARGEE
AL, AHOCEEE AR B | A HUARIT, T2t ik
HABET: (BFERL, 2014), B HUREEA d5H)
k2= 2R A R G 7= AR AR E A, A A TR
R A S NSO E e T KR8 7 N S E = |
3R R, TR GERR LA I A PR )RR (5K
LR, 2006 ), [FEF, T WFIEIESE 4L T iE
U =W ENEE B ) G N 1 i = A AR i 1 ]
SEE RS, Sl EMEEAT: (Xu et al,
2022), WRIEEA BIBFFTEE ST LIF, R HUE
B 5 H 4 h 5 O S AL AR A T R R i g

ARG, FEOCHEBHE AL, Pmihn sk B R rsET,
TEA R RFFE R, Al LLGE S 2 F R o 1229
2EFAR, X HycuNPV 5 H ZEER 241 & /Y &2 B ik
P HARMLRI AT IR AIRGY , AT Ao 28 1A 2 4%
Ha 7] Py v ORI BRI B AN e S o
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