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Syner gistic effect of four biotic pesticides on Hyphantria cunea

. ok ok . . kEx
LI Qiang CHEN Wen-Bang CAITing WANG Zhang-Yuan CHEN Min
(Key Laboratory Beijing Control Forest Pest, College of Forestry, Beijing Forestry University, Beijing 100083, China)

Abstract [Aim] To clarify the insecticidal activity, and combined efficacy, of four biotic pesticides, chlorbenzuron,
tebufenozide, matrine, and azadirachtin, on Hyphantria cunea larvae. [Methods] The toxicity of four pesticides, both when
applied separately and as a mixture, on the 4th instar larvae of H. cunea was determined using a surface contamination
bioassay and an artificial diet. First, the co-toxicity factor method was used to identify the combination with the best
synergistic effect, after which the co-toxicity coefficient method was used to identify the optimal mixing ratio. [Results] The
relative toxicity of the four biotic pesticides was azadirachtin > chlorbenzuron > matrine > tebufenozide. The median lethal
concentration (LCsp) 96 h after application was 1.732, 23.702, 30.160, and 54.296 mg-L"', respectively. A mixture of
chlorbenzuron and tebufenozide had significant synergistic effects at lethal concentrations, and this was most significant at a
ratio of 9 : 1, with a co-toxicity coefficient of 278.462. The median lethal time (LTs,) of this combination was 0.704 and 1.281
d less, respectively, than that for tebufenozide or chlorbenzuron. Other pesticide mixtures displayed antagonistic or additive
effects. [Conclusion] The four biotic pesticides tested have high insecticidal activity against 4th instar H. cunea larvae, but
only a mixture of chlorbenzuron and tebufenozide had significant synergistic effects. The best results were achieved at
concentrations of chlorbenzuron and tebufenozide of 23.702 and 54.296 mg-L", respectively, and at a volume ratio of 9 : 1.

Key words Hyphantria cunea; biotic pesticide; co-toxicity factor; co-toxicity coefficient; synergistic effect
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Y HEEE 13 MERATEIXE 607 HNEEAT
B X (EZMO MBS EFM, 2024 ), 43
FE AR 7 | AR S EREE 1 U™ IS, 48
GEit AN 2021 4F4 [E 3 [ o F 40Ol ik
212.97 78 (RIREE, 2023 ), EEF#EKkE
TETT T B X ) B ARG A R ) I, B3Rk
SO, LTl DUBCE N 2 MBTA R )
(#g B gk K %, 2007 ). TH, AL B
i e IR R LWL AR M XS K A
Metasequoia glyptostroboides . 7%FI12 Taxodium
distichum FHAS Taxodium distichum var. imbricatum
SRR} Taxodiaceae BFN, HHCE G F AU £
PIRR, faFWAR™ &, (556 B kB 58
P N ZHIR (BT, 2022 ),

HAT, F B 26 [ H ik O i a5 Y #E s
1 BRI DG SFLR E PiEROR (F57
P, 2018 ), (HTESEERA b, i TAEBR
HARAERE =%, A, 58802
] g B s v Bl A 1 o (BB T w5 B4k
AR HUR) S B0 dUpT 2 PR SR A A 24 BRI Ak
SEA (BCETEAE, 2020 ), EWIRZAER—2K
ARG, BAREE . RO R AR, &
AT R R BTG (BRFESC, 2013 ). 7EE
TR AR, KR Z BSOS BE
& — A gt B A BE JIR 2 165 W) (Benzoylpheny]
ureas, BPUs), XfRABJLTHRIAEY A REA
MHIER (Sun e al., 2015), iAAL i 42
HEVE T A, TOTE IR R O R e
[Adenosine 5’-monophosphate (AMP)-activated
protein kinase, AMPK %51 2 5 2 36 [ 1 ik 4
HKZFH (Zhao et al., 2023), {BYESZFRP#5
FEEREVERNE, BiiG 3 WL 4 U2,
KA 2 2 77 AR P PR A IR (1P 3EESE
2015 ), Hut fifFia ol Al 83 H 4y sl Bz % 4 %
HAERH CRIMELAE, 2008 ), TEBERLMER B
th B REGETE e, EEHEREAR A Wi 4y, TR
HELPAaTh Iz (FEESE, 2015), &
Zge MAEY) 5 2 h S U —Fp A= W, Jad T
FIMERG | BARHARIEE T . TR
Wh it TR A5y SCHLRL AR Py A 3 A A AR S ( 22
&, 2020), CHUERIHT 3 E H kAl U kI

2 AR R B Ak (B SC5E4%, 2020 ); HHEPRR
Azadirachta indica & W) ENRRZE %G MESh ) I
B, MIHFLSYICE L dErE, BAGA . WY
K& it A1 5 T 284 45 ( Saxena and Kesari,
2016 ), XfRMERBAAEEAFEEERN . B
A KAV E A A 5 8 (Sueral., 2023),
AIA R AL HE 25 B T E NG 400 ZFPEL R
(Liu and Liu, 2006; Qin et al., 2021), 5K4%)
JRAHLE , HOBERE . o5 S0 B R X 26 [ g H
AEETE ST, AHA ™ Bl A AR A
o BT IR FRA Y25 R A B &, DEE A
WK, K AS R VE ML B9 A= A 253305 R} 27
RHLEPIAE SR (4Kk3R%, 2023),
RE T RESE T2 PR =, SER 255 (18 i, ()
A FTRRARBI VA A (R RS, 2021 ), HAj
FIH B B8 | 95 = & 2R AT I S b2 R 25 TR
R = A HUSCR B BF TS T 0025 5 ( X = 8
45, 2019; WHHESE, 2023 ), HEREEERA
WA 245 22 el IR B X B 36 35 [ 11 9 A A 9 R O 41
H, AFE A BV ZIR RS B A B
(S AE FAG Fr e — 25 B0IE

ARHIFFE LA [ 8k 4 4l O RS R R
KL . BEEE . W SAENBRE 4 Py
2R 254 T4 RO, R A AR 245
PATR T X6 5 [ 1A R A 36 A5 25 %%, s oh EL A 38
ROAE PR A 25T AL, 38 2o P o) AN ] i B 1 YR 541
Xof 95 [ (IR A TR e, BB SR ORI B £
TRHC HCA, A 5 [ 3 ) i R 3 B A — i B e
WA

1 #R5HE

1.1 #HiKEHR

5 F k4 BT 2022 4E 8 AP AR HALE
VR UE DX 32 T A, Ay S = e S IR R 75
(2014) W7 TAREMR SR, mFRFAE
IR 25 °C, FXHBEE 60%, JEEM 16L : 8D, ik
FHAEERRE . A RS —30 4 #8840 H i,

12 5
AAIRVEH] 4 AR 2500 1 1 gOT
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BEAWE, B 97% KGRI ZS (rbrbrueds, b
BT T A AR A BRA T )5 99% HU ki
SR 25 (o HThnifE i, L RRL T AR B e A
BRAF] ); 98% SR 2 (/rHrhnifE s, D
i 5 2 I R AT PR FD )5 95%ENBRZ IR 24 ( 43
Brbsedn, WU Bk 2t L A RR A H] ). H
— HIJE T A ( Dimethyl sulfoxide, DMSO ) ¥ 524
(R ) %2 10 000 mg L™ VN2 F0 5,
P FH TG DA AR TR JSRE I P VA B P 1 5256 SE R
RN T ARk 2 T 0 A1 vk R A 7 5500 0 52 T 24 391 1Y)
BESDGE o e IRPMFESE (2022) RO, ML
Vo VI BRI HLY 7] DMSO 1Y B Rk
1%, JEATRER kA ML A B 6h i R i 28 3 A
FHH SR 520

1.3 BFZAHNE

S PN IG (1963 ) B & FRvE 45 4 1
SEOGHEE U RN BRI A 2 R B
W KA IR JFBF TE R K A3 B BE A 100, 200,
400 800 F1 1 600 1% 5 UK BE 5 K Ha POk It st o A
e 25, 50, 100, 200, 400, 800 £ 1 600 15 7
AVREE s B SIRRR R 50, 100, 200,
400 1 800 5 5 AMUREE; K ENBRZR S A B il
500, 1000, 2000, 4000, 8000 Fl 16 000 % 6
ANHRNE . XF IR DMSO M RRRALEE, 5
AHRE 24570 b 3R Y DMSO He J8 (545 — 3k,

SRS (2023 ) BSEK s, K&
UF 9 N TR EHE S 20 mL 433 TApER (R
7.5cmX & 4.0cm, A& 100 mL ) F, ZrHE E
IR B 200 pL 45 T An T N TARDELR I
FIUR 24 h S22 E K 4 1540 BB RER
TAFRMEL, WFRAPFR) 1.1 35, SRR 15 3k
W, A 3 ANESE . W24 h WEE RS
HFETAEN, T 96 h J54eiH4h i se T %k,
FHAFRAIET- K Dy AT T 1 F e b v R 2 fh o A
JCII, A5 FH TG TR 8% 2 B T ) A8 TS R
N o 7SI A ZAG A XT RSB TR E T 20%, N
AL,

WSS 96 h 5 SEE FIRA A AET
BORIMEIET- %, FHH Abbort AR IE

K,

. REERE TR RIS S
T = ST TEARET,
KRIEFET 2

AT PR R - o R iR R
1= P L 1 i

1.4 HBETFAE

K Ml Mansour 4¢ (1966 ) 135 K+ 7k
( Co-toxicity factor, CTF ) FJHFH K4k . H
Bk . SR ENR R 4 Fhofe 25 79 P 2 I B0 TR &
RAE A SR . W RN LR TR 5L
e, SR b 2 PP 25 SR S I A
YERMTEM i (REARH, 2011 ), 7ESEPRERME
HEs 2 iR 24 BRI BC AR BE A LCso 1Y
WA, HAAHEREBE 15, 1:2, 111,
201 LS L IREA, ZIEAHIMNERREE R LCs
4 BRI FTR 7R b P56 [ 1 i 4 1841 96 h JE Y
MAEFET %, L PR E AR .

BT R = BFTIASET R x BAFIALEIRAIF i EL +
FAFIBAET e x BAFIBLEIRFH L,
- SEFRIET:H - HUBFE TR
ST = FEBFET- % g
HFHTF< - 20 MEPUEA, 7 - 2020 Z

[ AR IER , HE8E N F>20 H3ERVE .

15 HERENME

MR 5 R 7 B I e 25 5, e ELAA R
HEBCA S, RS dib 5200 e BT R se s, 1t
AREBLAA IR R E (Co-toxicity coefficient,
CTC ) ( Sun and Johnson, 1960 ), FEA&HfHY L5
MRS AR BECR , PR HIERUE . &
TR Ay Jik RN A I JE i) 52 T 2 A7 A S 3 G AR P
FH W0 SEH K A IR S P BP0 T A B
LCso WIR5), H4& ARIRMARARI 19, 114,
3:7,.2:3,1:1,3:2,7:3,4:1/9:1
RA, HE2ME RG], 2 a4
LI A AR AR SRR 1, 2. 3 4 4%,
WEATEE JIIAE , JrikIa] 1.3 795, ASSEEG DA el
G LCso BRI AE WA 25 5050 b 7],
WA B 7E J1FEECR 100, 33 R A THH A X

x100% ,

XIOO% o

100 ,
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mE .
‘ e REZEAIILCS
1] [ KE 56 = x100 ,
B X = e o ILCs
o EAAIIILCs
3 1] 4 52 B —
s e~ LA
AT 1 171K = AU B
AFIHE IR 5 1L + BAVH 5455
BAAEE A L
N
AN = e
S R <80 F A SWAIE L 80< 3t
FERB <120 FRHINVER, L35 240120 =R
SRR

1.6 HESH

SISO SEEHE R Excel 2021 B4 #HTH
b, AR RAET- R KOERET- R, i
7R3 2805 KR SPSS Statistics 27 #44:

x100 ,

100 ,

X6 K 203 J R H P JEHE X 1 3k ) A e B %o i R S5
ik 4 8B4 s R IEFE TR AT [ 45
B ( Probit analysis ), =K AR B97F S mIH T FRE
BT (LCso). KA () I 95%%E
fFIXEEHXSE ., RELWSE— LI 96 h
Je A

2 GBRE59H

21 BimEAh

4 Fl A= WAk 25 B0 43 M BR o i T 56 T 1A 08K 4 %
HHREES (96 h) MEZERNE 1 R, 45
HoR, ENBRZEXTSERE Ik 4 W2 HAY LCso N
1.732 mg-L™", REAfm; HUOR KL, LCs
{0 23.702 mg-L "5 BEMERTSEE H ik 4 13401k
f) LCso {H M 54.296 mg-L ', FEHHIXTEAK, 4
Fofr 253905 56 [ P10 4 5% 40 B AR 7 s AR A -
EAR 2> K SR> S 0> AU o

K1 AMEYRGNEEEH 4 R4 HIESH (9%h)

Tablel Toxicity of four biomimetic pesticides against the 4th instar larvae of Hyphantria cunea (96 h)

95% B {5 X [A]

2= 1] H BIE
i 5m ERRVUTE gtz omme e 0T Gme )
Treatment OXI(: i:gf:;ssmn Chi-square value df P-value L L 95% Confidence
q 50 (mg ) interval (mg-L ")
99%
oL y=-3.177+1.832x 6.427 5 0.267 54.296 47.087-62.632
99% Tebufenozide
98% i S,
y=-2.354+1.591x 4.713 3 0.194 30.160 24.594-36.025
98% Matrine
97% X
WKL y= - 2.816+2.048x 4.251 3 0.236 23.702 20.533-27.300
97% Chlorbenzuron
95%ENfi &
oI y=-0.307+1.285x 2.345 4 0.673 1.732 1.363-2.127
95% Azadirachtin
22 HWYIER H/NT - 20, ARBBCREILEBUER . KAk

221 4 FEAFIE BN E E AR R IEER
F FAIEEFE AL AE 4 Fh2G5
SRR IOR . i 2 Al BRI R
EPBRE, S5 HAD 3 Fp2h 45— H i & il f5 Jo s
ROVER , 5 BEEAS Al L BTR BC S S35 Ak
- 20 ] 20 Z (8], RBICMHIMER, 5KGK.
WS IIRELE B H T E/N T 0, 60%AIREL4L

SREEE 15,24, 4: 205 114 FhiEd
Fb X 92 [ (IR AR A 3 AR RVE T, HOL R 7
K3 22.02-52.77; KAWERANES0K . B BRI
S5 Fh LB B L8 T4 F - 20 20 2
], FBAIMIER . Kk, #fe 4 Faddkzy
HOR G kA R B R S A R B G, SR 2SR DA
A B e AR IR EL 91
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T2 AMEYRAMBERENEELE 4R HMNEFH (9%h)

Table2 Toxicity of four biomimetic pesticides paired in pairsto the 4th instar larvae of Hyphantria cunea (96 h)
o WA &H LC-P &

HECALE () ip) BETTR (%) BRAET-R % SRRAET R (%) G T

; . . H
fg ?rﬁllﬁziilct)i Volume Mortality derived from  Theoretical Actual Co-toxicity In teTEc tiz/r]i}fffec ¢
A+ ratio LC-P line (%) mortality (%)  mortality (%) factor
(A:B) A B
ENRRZE+ Kk 51 45.80 5.10 50.90 30.00 - 41.06 #5410 Antagonism
Azadirachtin+ 4:2 40.80 15.70 56.50 53.33 - 5.61 Fim Addition
chlorbenzuron N .
3:3 34.55 26.00 60.55 36.67 - 39.44 H54% Antagonism
2:4 26.50 35.00 61.50 50.00 - 18.70 AHN Addition
1:5 15.30 42.70 58.00 50.00 -13.79 ABAN Addition
EIME+E S 511 45.80 9.40 55.20 40.00 - 27.54 H5¥i Antagonism
Azadirachtin+ 4:2 40.80 21.05 61.85 50.00 -19.16  Hihm Addition
matrine \ .
3:3 34.55 30.70 65.25 30.00 - 54.02 }5¥0 Antagonism
2:4 26.50 38.60 65.10 20.00 - 69.28 F5PT Antagonism
1:5 15.30 45.00 60.30 46.67 - 22.60 }5¥0 Antagonism
ENPRRE+HmEE 501 45.80 6.10 51.90 63.33 22.02 H4%L Synergism
Azadirachtin+ 4:2 40.80 16.90 57.70 66.67 15.55  AffN Addition
tebufenozide .
3:3 34.55 27.00 61.55 70.00 13.73 ABAN Addition
2:4 26.50 35.60 62.10 70.00 12.72 ABAN Addition
1:5 15.30 42.90 58.20 50.00 - 14.09 AEAN Addition
KEYYPAESW 51 42.70 9.40 52.10 63.33 21.55 H% Synergism
Chlorbenzuron 4 . 5 35.00 21.05 56.05 60.00 7.05  Hihn Addition
+matrine .
3:3 26.00 30.70 56.70 60.00 5.82 AHA Addition
2:4 15.70 38.60 54.30 40.00 - 26.34 F5HT Antagonism
1:5 5.10 45.00 50.10 40.00 -20.16 }5¥0 Antagonism
KGR+ BB 501 42.70 6.10 48.80 66.67 36.62 HE% Synergism
C}glOffbenz,gfom 4:2 35.00 16.90 51.90 63.33 22.02 3%k Synergism
tebutenozide
3:3 26.00 27.00 53.00 60.00 13.21 A4 Addition
2:4 15.70 35.60 51.30 66.67 29.96 4%k Synergism
1:5 5.10 42.90 48.00 73.33 52.77 4%k Synergism
TS REE 51 45.00 6.10 51.10 56.67 10.90 AHAN Addition
Mstrfine+ . 4:2 38.60 16.90 55.50 40.00 -27.93 F5¥t Antagonism
tebufenozide
3:3 30.70 27.00 57.70 63.33 9.76 AHf Addition
2:4 21.05 35.60 56.65 66.67 17.69 AHN Addition
1:5 9.40 42.90 52.30 4333 - 17.15 ABAN Addition

A R A RPN BOARG B TR BRI B0 CA SR B R B9 R R Dy HA A B LCso fH)
A: The volume of reagent A in the mixture; B: The volume of reagent B in the mixture (the formulated concentrations of
reagent A and reagent B are their respective LCs, values).

222 REBRFNHBH A RELKE L FIH 1:1.3:2.7:3.4:1 M 9:11RE, ofME
M RBOE A E R MRA R B BRI R BRI S ik 4 4 dUd B e 25 SR A
HRCR, B EE BB KGR ek I RENER 3 PR, 2R BN, iEzZi)5 96 h,
LCso il FI IR 1:9, 1:4,3:7,2:3, 9 AMAT LAY LCso fE K 9.020-34.428 mg-L ™', K4}
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®3 RYPWAMABHERAEELLNEEDE 4 RHBWESRH (9%6h)
Table3 Co-toxicity coefficient of different proportions of chlorbenzuron and tebufenozide
against the 4th instar larvae of Hyphantria cunea (96 h)

FERERE 7 2 s dokepr

95% & {5 X [&]

== l =] :H:Elz 3
TSI L Aol K Lty JEEREC e
. . Toxicity regression . (mg:L™") Co-toxicity Interaction
Ratio (A : B) . standard Chi-square 1. 95% Confidence ..
equations LCso(mg-L ") . 1. coefficient effect
error value interval (mg-L"")
1:9 y=- 1.453+0.986x 0.143 2.692 29.827 22.185-45.493 161.226 #4%% Synergism
2:8 y=- 1.458+0.963x 0.142 4.116 32.650 23.712-52.677 132.175 #43% Synergism
3:7 y=- 1.161+0.755x 0.139 1.179 34.428 22.823-70.326 113.686  #HJil Addition
4:6 y=- 1.278+0.937x 0.141 1.829 23.092 17.052-35.584 155.067 #43% Synergism
5:5 y=-0.917+0.619x 0.137 0.385 30.264 18.602-79.973 109.037 #HJin Addition
6:4 y=- 1.263+0.983x 0.142 4.203 19.278 14.460-28.749 158.722  #43% Synergism
7:3 y=-0.724+0.576x 0.135 1.517 18.053 11.366-42.350 157.999 #4%% Synergism
8:2 y=-1.548+1.545x  0.151 0.570 10.044 8.411-12.175 265.953  ¥43L Synergism
9:1 y=-0.860+0.900x 0.138 0.239 9.020 6.754-12.652 278.462 Y4AL Synergism

A TR K AR BIT o5 B RTR s B TR0 HOSE T ok A AR K I3 RN He I F) TR ik 132 D A% 1 B LCso fEL, BV 54.296

M 23.702mg L") .

A: The volume of chlorbenzuron in the mixture; B: The volume of tebufenozide in the mixture (the formulated

concentrations of chlorbenzuron and tebufenozide are their respective LCso values, which are 54.296 and 23.702 mg-L~ L

respectively).

RAREE O 1:9.2: 8,3 7HIS: 50}
1 LCso fH43 51 29.827. 32.650. 34.428 FiI
30.264 mg-L ™", 25300 T 2 R 2 (a5 KAk
IR SR 4:6.6:4.7:3,8:219:
1 A LCso fHA30 23.092, 19.278 ., 18.053,
10.044 F19.020 mg-L™ ", 25T 2 Mheps, 78
FA A, KGR e R LGl 3 7 Fi S

5 B XF g AR RE R A I 113.686 Fi1 109.037,
FICAAINERT, AR P e L i L8 R B R
T 120, RICMERAER . Hrd, KA
BEIFRCEE g 8 = 2 A1 9 = 1 B, JEFRE N
265.953 F1278.462, W K FHAMA L, £
PP 38 e 3

2.2.3 R ARFN BB B A 1 B SR bR 25 7 A 3
EBISERTIE] (LTso) il e R A0 e 45 5 T
A, KGR O S AR RS R 12 9,
ZE BRI AL S [ ik 4 4 JU R Bt
BFE] LTso oA 2.981d (5% 4), HbAmEE R b2
4550 0.704 d, HLRAIIREARI A 4% 1.281 d.
It 3 AR BEISET R AN (& 1) hnl L
F i, BB EE Y 26 [ kg AT R —

BT it
3 it

A=A 250 R —F R T AR AR Wi R 1
YIRS A AR Y, R A IR
B AT, SR AR E WU A 40 1Y) E BRI S
G, i YA 20 A 2 Il 4R o B R T Bl AR
(FREHH, 2023 ), A% (2020) f5iliwS
R BT 4 B R A2 BC B IR 22 = LWF Schizaphis
graminum HABSAER, MB4ERE R 59530
DIARUSS L 360 & FLET, Jed RACN 222.4,
BB (2021) 48 I SRR 2125 R E BB
B T X EARSHER, S SRR ER
BROLATEER 26 ¢ 1 BF, FEFERECH 209.6, I
L& e 245750 76 FH ) £ FH s s SR A g HLARF R o 7%
B4 (2015a, 2015b, 2016 ) W58 T K4NIRAID5
5 4 SR AT R 500 &2 B A A RS A AR S L]
I KBRS UE I Bt KAIRA Bt+ K 4RI
AR FRIE [ IR A B 4 d B EBER SR 90.91%
94.73%F1 100.00%, ik 1 1R AIHERLAEH .
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R4 KGR, HEEFFRLE+HRER (9: 1) REBTEE AW 4 B4 R E T/ E
Table4 LTxof thedth instar larvae of Hyphantria cunea treated with chlorbenzuron,
tebufenozide and chlorbenzuron+tebufenozide (9 : 1)

] 3%z
R
= | It NS > SUREIGN
‘ BT b RO A . FHOETS 95%BE(EKIA (d)
bR Toxicity i AmE P . o
. Slope Chi-square ifE] (d) 95% Confidence
Treatment regression df  P-value .
equations standard value LTs,(d) interval (d)
error
gjﬁ% (LCso )(LC ) y=- 1.854+0.435x  0.030 5.426 5 0.366 4.262 4.019-4.511
orbenzuron 50
ffﬁtﬁﬁ (LESO(]{ Ca) y=-1.922+0.522x  0.034 4.459 5 0.485 3.685 3.468-3.898
ebufenozide 50
R ( LCso) :
LC 9:1
BB (LCso) ( ) y=- 1.767+0.593x  0.043 6.317 4 0177 2981 2.773-3.183

Chlorbenzuron (LCs) :
tebufenozide (LCsp) (9 : 1)

< K4l Chlorbenzuron
- P Tebufenozide

~ T RYR B (9: 1)
100  Chlorbenzuron : tebufenozide (9 : 1

ZIET R (%)
Cumulative mortality rate (%
W
(e

AbPEAFE] (d) Time of treatment (d)

Bl 1 KRR, REEMHFRLRE+HER (9: 1) /BT
XERH 4 RYBHRITIETE
Fig.1 Cumulative mortality of the 4th instar larvae of
Hyphantria cunea treated with chlorbenzuron,
tebufenozide and chlorbenzuron+tebufenozide (9 : 1)

WHPHE A (2023) WE5E T 361 A% ) 2 fR A
7 (HycuNPV)FI S 80Tl . sl . K4
JIK | 5 SR BC VR AR, BAf$E ) HycuNPV
I AEERARFRLLAE 1 0 9 IR BC Al FH 34 S50V FH 5%
W, BWSUREGE 29.06, PFAEIESE (2015)
i = P EE e AR B AT T LR AE YR
TR AE R, 45 s AR SR 4 T kR A
o, [AEEREPER S, FIRPSOUHS 1 K Gk TR B
FIEF 2 vk E A B PHARCR , W AU
JHEF HE P S AR e PR 0, XA () 30 179 &)y
HAA PR BT, AU 4 A 08 x4l

FBIERAr . AW RERNK . RELPE. 520
FERBRZR 4 FhAE 4k 25 52 e X 36 [ 1 i &)y HL iy
VR, 1 5EIE T 4 R APk 25 BRI X 56 [
i 4 #4540 R NTE ), Pl L RE - B
By 17 I 0 R E I S e PR o e B TR T R LA
WEEWER, a RIS R 50k, difk 2
AR RFREC EE , 08 8 H T K Sl DR H I e %) e
FEER BN 9« 1, ZIREC 2% 25 [ il 4
W4 b B 96 h ALTE RECH 278.462, iHE—
B UF IR AR R0 52 [ kgl A ok AR, 15
FERIE T 2,981 d, [FIZE544 R KY)
JOR B Ah B A RBE TN E] R 4.262 d, HL R
AL BT Bl 3.685 d, 4rHil iR
FIK T 1.281 #10.704 d, Uk T FiATREC 24577 H
A E RG24
Pk JF Eb A3 ), TR L 24570 e mg PR AL E R
BRI AINE T, 2R b 25 BH 10 3
LIGEE N

TEABEGE R, R AMRAN H e kA B
BRI R 5.429 6 mg' L', BUAKEL R E R
HIR 1710, 25% K IRAESEAT I B 0% %) b ] B
TR IHEFE R BAEECN 1 500-2 500 5, ARWF5E
T K 2 ik ) 25 52 Bl 5 R B 3R 29 47 000
5, R = AR ROk Y 1/5-1/8, NMUgdL T
H R AR 24 7 A K DR AR AN 2
1 ELAH B 24 7] Bt A FH R R sk b 1 &, A B
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FHELEH LY PR = o A gE A= AR TR A
X 2 AR 2 FR NS T TR, (B EF AR
PRIGBTIG TAEZ KA B2 07 1H R R,
SERRn A R AT B AAAE 2 5, il i — 20 FF I I
[5G o Ak, TR HR R ek ARV 66 ) ) 1
MU AR EG . BT S EEAEH T EE A
WA E SRS, R EREAEREE, N
MR R BT . EAWFIEUESE, Kk i
LT BT A B ) 58 B ik 3R B 2B 4 A 3
PRI, 38 5 5 O o I A Qg A5 o R T 56
Mgk 4h B4 K (Zhao eral., 2023), Hiptik .
FH 42, H T R 5 O i J 245 % 33 o i 2 R o
P W) A T B BUFE T ( Suarez-Lopez
etal., 2023), A J5 Al 4kLEi i LR 41 2F F1 o1
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PIVEFIBLIEL, A A= Ak 245 1 v 5 R 4 AL 2 e
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