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Figure 1 Integrated pest control of rice based on the effectiveness of natural enemies (Dasha of Sihui, Guangdong)m

BV I/ N, AR RO, HE X RS TR ER=
ST ML R5E. RYIFIERAE, DL BN AE 4
S, AME ORISR =, BN, AR, T
PEEAR G, DU )15 PN A5 Hh, 7 IR /N 7 96 75 B i
AR FHTHAIZE YK, AL 2017~20194 3% H A 5 2
it 667 hm’, %7 EERA ORI FI80% A L, H
A ZE AR DAL S350 20K B A SRAR XS AR BT VA 7R
INFIRIH R e, PR/ = i 22 IR N N IBURE R
T F S AN, RREEARAN . FE AR R0 M
X TR KR N T~ R /NGE B v 7 B, LR 27
H #3594%~97.5%),

RN TR ANER AR RLRE, X HAMEKE .
Pk L 55 25 2 B0 K /N e RIS A W AN AR 2 A T
WHAT T KA.

1.3 i) R B s 75 ¥ A A 5 i

A 2 3 ] P 7 R T AR B oK . R BB e
(R SR ) A A 7 v M A T e, Rt D s
EPIR R R RS BAEATE3044E,  (FITER
AR —BHICE T AR AR F B A A A A T
TR I RERE B AR K R Sympiezomias  cityi. LR H
Hypomeces squamosus~ 12L& W Podagricomela ni-
gricollis~ 45 3L /i & HiHolitrichia sinensis. &
LN 4 fadnomala albopilosa W4k4E K4 Chelido-
nium argentatum- 2 R:Anoplophora chinensis~ #if
1 R Papilio xuthus%i 3. ¥WERhynchocoris humer-
alis« WG/ T Agrilus auriiventris% 203 FE K. 75
KIS, AR SR T A5G T B ) %
BRIV R F 7 I 2250, 201H4070~804F4R, WF5T T

1628

FOIRIU Y, S g T AR A R U
rzeds, S e SR I 0Bt 78 RS A v BB
Relel, BRI T HIESVEE, SRR, R
BT EORBOA BURRCREY. Oy T kR R R E
B EMIBE SOR BN I AIHET, OB B Rk EeR
SEHIR T A8 T MG P —— O ROy,
T 19834E 3K 1D 5523 Ja JiT F 4R .

L4 Fi S E 2N B IR 1R

W E RS ORI AR A = E A 2, KFE
HREF oM. BaZNEAnagrus nila-
parvatae%i@%ﬂﬁﬁiﬁ%%ﬂ@%ﬂﬁ@?@f@fﬂ%,
Iz oA T ARG, A AR RS m RN )45 T e
73, FRSL TR T b A AL B R R P B W
Jii, KA T A BENHMMER -7 K
MRS FBEIERE . T =B o5 AR IS5 2 MoK FEiE
R ol T BN R S SR R A, PR3
AR TV, YIRS T — AN s T BEORRR IR A7
AL e TR PP, AN EEE42 'CHI50 C iR PR
o B 55 i RIS A 40 T 0 R R A i e Bt %
ENTF, @ ARSI T RE mVE N A KRN A
AN AR, EESL T DADY 2 By g H Al i A AR
WEIEHR, ZFEOR B AT TR, IR ftAH [H
REMB PR T B IT RRR  B N
JE, GBI HBERARE, 335K EE488.8 Mbl)
Ter 2B/ e R DRI 2 471, s R AR 7 126 79 38 1 78 sz ik
RN 734N il T B AR O R, R I CYPEE R ] RE 2 g
DR/ N R A B8, Hheyp6al. cyp9agh
VA fecyp9e2Z: 5 1 Wk HUIZ I i 25 i 72, AL 7%



PEBNE: ARl 2024 E 54 9

. BUBSSE DL SRR 5 5 T A R A
HEMT, P IRBAEGA RS TR T
SR,

2 SRR BEMRFR
21 BIFERINEIER . R BE R YA W oe

NN d 18884 H AT 5l NSEE, F118894F
JE SEAHME] T RERIN I R A, Bl T At R SE,
ZJERE SIS, B AR R T AT IR
PN B SRR G U B R e s R R B,
SV R A . AR A SR AE DL N T HE T
BT T R

PNEER A 19554 5135, BERBCT T M A AT
X, HTBiiaM A AR E R LR 4R I Icerva pur-
chasi. 19565F 5] NI Z- X TEBER,  $0R 7 il
20 km. FE100 mIE f& )RR 4K, 60 ARHT BT
ZHE PRI PG AR AR, S IR A I, R
BURAE BB BE R X D28 2 57 1 Fa e A BT A
BE, A RO ) T R B R e

w REEMSRGI G, SFE5R fmE. 5%
MR, FHHER Y . RZDRY . Tl . EEFH A
FHid . B A S A R PR AR, H19554F
TES T INHB RS, BT RhoRp R AL, 5 A ot FLAE 7
B 19795EAE ] AN 1L 25 b 1A S b R L
£ 5EH MY Pseudococcus sp., W ICEREIMROEH
SRFLE R, BT BARFEE. BN R, & KRS
AT AR IR A B R A K W Oracella
acuta, % F BA BT 8 R,

2.2 SIHEAEAYE /N B IR R SR [

Fis 9 [ i 2 TR [ AR AR D AS 5T R, 19804 /247
FENT A, F19904F O Aii 8227 /N B (IX), KAEH
%£7.18x10° hm ™. Z S5t 5 E N A KL Kt
0, T L SR B KA SR [ g [ 1 5] 36 R .

198647 H , H EIFA M 25 H1 25 S AR PP 48 B ORI
T RS G B o s f 25 2R e, E AR PR R g
FRAA SRR AL FdF /%, 1986~19894F 3L 5] i3 T 1641k
W, RNHUBETE T AW, B R H 0,
TE 5y FEAAMR A R FRIRAF T, R S X R [ A Hb
e,

19894E7E ) 4348 B AR L7 7 1 AR TR) KT AR ) e e
Fih, % 19934F U AIA60000 hm?, @it A\ TEIT
25 A e FhTREAS B (O BRI 5, P ) T R SR B M
s,

3 FIH R BRI R R F
3.0 DLE U R A B B R

20t Z040FEAR, VB I BURE Z M B ILIEAT T
F A EBA T BRI, 70E/RY), #7795
& H Bacillus thuringiensis (Bf)/S R £ B IILi5 2
Y5, B A AR 05 O AR Be (1) B 00 e 1 v R H
] 42 3% A 55 T2 RV A e S 5 3R S5 11 2 AR P O v, SR
T B T ARAE =, R B B 16 /K FE E RN G
48 Cnaphalocrocis medinalis, % HALTZ R 0] 1X64%
~95%; BiiG =AU Tryporyza  incertulasiI%UH: H40%
~70%*4,

20tHZ080FAX, FET I B L ARYI SR AT T
B G LS A B, thuringiensis var. israelensis
(Bri)Bi 6 PA5E B FE Culex  pipiensfatigans%)]
RIG, B R BE89% LA b, HIRNHEFT T 4y Husk
YeBti 5 (199 B AR AL UL K Bei X 6 HE 3l 0 16 53 14 AL
B RO T 2 RE R R B LR R, BT
TE LAEFEIZ AT AL T [ Bl v A 54,

32 DARHRHERIG H R

(1) MBI L AERE. 201270048, RILT
5 FEa B HUi 2 M5 B Dendrolimus punctatus cyto-
plasmic polyhedrosis virus(DpCPV)[SO]. 1% 5 B
WA e, mET . 5 AR AR A LA 2
Qe HARARAZ. 1978 FER A DpCPVAET™ R 3 TIX By
8 D AN Dendrolimus  punctatus®, 2 JGEHE %
JURIORAE, HRA2670 hm’, 5 HERIAT0%LL E,
BRI S -6, T W, 1 AR 2RI
KA S R X AR BBDp CPY, HLAG T AT 24
PEER)

(2) REMHZ 2 fatkmiEE. TP T —M AN LS
BAARL, AT SRR BRI RIEOBOE . BB Spodop-
tera exigua. YK M Argyrogramma agnata. ¥y LUK
% Trichoplusia ni%s 2 MRUER R R, ARISUR L 2
FAE 5% R R A 77 35 1 EREY, I 548

1629



st A ARG AR A

KEALEAE, DOk B WA RSORIEZ 2 M Ak 5
Spodoptera litrua nultinucleocapsid nucleopolyhedro-
virus (SpItMNPV) L AliHEAT P2 LA, V9
P i A AE P T HURE — SR R BT, FH R TR
AR BT, RS0 ¢ LRSI

(3) 1% % F A B DR 2H ) RAR AN Sl LA dd
N LA B REAN 22 B R Aal THE K JOE 15 SURI
¥ % 1R 55 Autographa californica nucleopolyhedro-
virus (AcNPV)JIREE A gp6d s SR T4, MET —
PRAEZ IS 25 31 HIY BURL IR R (1Y) =5 4 Ry SORO % 22 A
1995 B Trichoplusia ni nuclear polyhedrosis virus
(TaNPV)vTn2AalT3"Y . ph4h, @i A R £ M k0 2
RIREA, CRRIZHREAT R RPCR KA AT

59,60
ﬁ[ ]_

3.3 I B U IR SR B VR A6 HLRE v

T Ik Opogona  saccharize#H A N T [ 4G i 14
Edy, T ARG A X, BT, R
B BRAOE b O AR . SN BRI A
g X R E T 19974 40E Rk B, 2 5 IR H oy
MEREGH, ZRFERFOEA, RV REELST
MY, WANFEHRE. FESETHED, LUAEREET
TERFR. H1997FEHRGER BRI R PR, Sad#k
ZF EAEY 228 49F N 2= 298 1048, H EF = u R
BAWY K. WKLk HiSteinernema carpocapsae
A245E 5% I i ik 4y R BRI 2 UL R £ 12 100(HE
ahH: RHAMHETT, 48 hrsFIE k4 AT R
H100%:; K H 24T, 30005 /mL2k Sk B U 25 1
RO B

4 FREEPHA
4.1  PHEMRL

AR BB — M AR IR 77, B B A
—FhE—2REH B, HEMEAA G 2 M R e
F. U ARE N STRIECAE, =ZAIE. G
W, ¥ &\ Nilaparvata lugensF 15 K ESogatella
Surcifera®5 & KFEN FEF . 19734, W BERR
i BLR 5 S BUR B A R 10 g A i), B
MMV AEZS RGeS R, AR /KRS 3 RO 2 [A]
A E IR R, 7850 RIEBRREEHIER, K]

1630

L PN L E A, R KA U I AR 2 TR
RAVFRTZT, DIREGRERLH. ESMEa%
. AR L KSR B AR FU R B RO, £
FREEPR T DU 25 K WD BT R KRS & s 5 A B iR,

N T TARNRREAT, 5RO T 8 W
TERAL AR “ER G PR LS/ N, A ATineE 7 AY
RPN EEEPHE GENLE. 25, RAEREEE
SRGR T EEF R AR R, R F A B
Tk MR L, &AL B VR T DU dUR A3
55, SR AR SRR DL R R BB e T i, 4T
FEE DA SR E LU RVFTEE . S
RIS, IPUFAR ISR AN A R G 85I BE, 2% A
FRUZEA, IbFERESUAESRAR L.

I H 433N B S, BT R DA BT
N K BEEA BRI 3R A5 198 S4F 1 [H 5%

RRE AL 3 = 24,

42 E—H B (1973~19784F)

PR BONSE A BIE R I. BRE BEORE A, BT
S of R, HH DA) R 8 2 AR VE AR 2 B R B, 56
SR T E R EEHIEA. BB B R DA
AR R E, ERE R A E, BERERET
2, XCEZ D WAL NG ST R EAE ) (R A 4 A

(D) RNByaHE . s FH Rk M. 1973~1974
T, AR L 21667 hm, 3254 HHERERE 77, 425061
ISR, AL A 2., SRR BT AY
FOIX T, R ARGRE A = AR AR ) 3 5

Q) KAJFIEFEMERER. IR R. FIgR RN
F ARG, (E A R & R ECH R T S O
T, FRMGRR B — I S A v R . DABE
B R EEE AT = S FBTE T ER, BiiaEAs
IR B8ORS L R Parnara  guttatafi 1, BURE70%
~90%. T 16 VA 3 EORE JIUHE B A IR G Ak B i R AR
Trichogramma dendrolimilJi 6 FEH A HHIE, TG [ AR A
19734E 18 hm™ 4 2 19764E 1395 hm®, FEN 2 = 5
oA R BR1973FE M 19TAE LS, HREM AL
67%~83%.

(3) PriAf I bR 2. — R Ak AR, Stk
FG7 G PR PTG R IR 25, RE
P02 S AR N A, DL K A 2548 i, AR
P R) R R SO R S B AR 24 55, — R4l 2 T #5,



PEBNE: ARl 2024 E 54 9

M2 hm? LA B OR BUESE, 2 hm’BUT B
GUESE, 0.67 hm’ LU HA R /INALAEL A 53 s e R A6
by i 15 .

(4) RA . EECRATBEE I, /e H %
FEZE, BBUR 7R PRI IR 2 1, JRAE B 2 HER
FCRIZ IO, 2 SR

43 BT BH(1979~19834F)

Zexd USRI LB ia s, R HEE
AR Y S 4Ry, 3 EROR R SR K 1K) R T 52 B 4% ).
19794E L5, |1 HIRI R A7 AR e« ORIIOR A 77 e S5 25 A
REFREHCRIEAE. R AOHE it 5 25 IR T fR 4
ANAERF R B B 2 A AN S A0S, Fe o R
X KR RIVE . BT S (0 2 BRIt e 45 AT
JUIL.

(1) RN BG. AR SHRATIKE, KR4 =1
R R R R e A, DU AR 5
F P AEACE B, Jm R AE A ESE,

(2) B FFEE MM IAREZ. 52— BEEA
AR, BT SAT 1A AL 27, AR 228 Ak
T AL, MG BT TR, WA SR 2 8 ST A
VEBI G, FIH MRS R 4, 40— SRR . 734k, DLEUR
% RN 513753.3 hm 6 S AR MR, K5 51 ]
B LA HAE RS, #EPHax R, JLIEEIFER
AERT SR, SRS A BEAT RO R RTBRA.

(3) MG, SRS R F A ), R
PREL R R S B, AN DG T (57 ik B [
WP A4 ), 2 et P 8] R SV ) 2 AN
FETTR) R BBV REE, T8 70 A R BONT 35 BORE IR I 4%
fEH.

44  FE=HrBr(1984~19984F)

KR IR AR 6 o T 1 HE RS
YRR, FLRAE B IA R 1/ EEA A A AR 2,
A I IREE A (P Ab 22 AR 24 42 35 R B 19944, FRivb At
BORBEIOERFMBA ST EED 5800451
0.005 mg/kg#h, HARMFRAI AR H T 19984 3K 4%
A ERGEF S LB-18-9801190913) .

45 pis
T B AR g ST DUOR R HUR BRLRE N 32 1)

= REAPIR B R E A KR A P 2
H, OF 23R E S KR~ X, — a0 7R
FRMk . Feth . FRIEEE . FRldsFh a0

WLEER, WRFC T HEY) 2 FF 1 A6 7K RS 55 35 ) v 11
VERL. R ILIUAN 7K i e Y 4 e 4 35 PRI 1 98 KR
ORISR, [FI I 0T L 35 KR [498%, FH1E— e FEE
B3 T Mk ECECT peAh, FESER R R
FRAR T e RN O, RIS LR BE50% L L, (%)
W B M A B R R R L B KRN b
BN T REEANEIREA R (33 hm?),
Z M BAT AR SRR RO BRI ThRE. KRR U
BiVA BRI A FEHR AR RIES Rl G R
AFEl TTARBBFNEARAR . ELERIEEE R
TS BT (R 22 AN SR S T R e ik, BRI AR
7660 hm”.

4.6 EHRGEHBHIANEE

(1) theas: Sd/KiEH RLR G P s
B, TTORAR B B 2 I S AR R EORLRE  E
FERLEAPAIER. REOLINRR: © FHfA %
FEHREEN, RERWEZ, FRASERN LG
F; @ LRYFIH R FT LA SR FE R EFIER,; ©
o FH 2% AR BB e, R FEREL, FHA 7] Agit ik
AR KRG AR R, T LG R 2518 %% T, B
KA BE, RETGHIN, 655 SRR, @ KRS
B B 110 4 3 PR AR FAE S A BRI 2, A 28 T AT
AR R. FREEPRESRARLS, Ui
RGP OO AR R —F0 B 58474,

(2) LTS LTS EFE S E L S BA T
PR EEMAES G . ARG AR E
SEHEFTE AR I EEA TR, BN AT — Rk
H ARSI NGE BT AE = AR IOK, $m TR K
KPIIAE, Sesefefedem VP RRM M Hika; —2&
KRG R MR, BRI T A=A, RS 5
SN RARE L T H 92, SR T AN, HAh
AR 77 i P BNARL D] S8 o it 7 A R R 5 R

(3) M aR: © RZATREH K, & HIAELR
BEREKRE, @ MEDREFEZHEMEEN, (2R
KOV L 5 R AR, © R RE 4
PERRE, FRELfEH] = IE, FABHIE, # CEA A
B REGEFEERNEE. RPFH RS, O KRE

1631



st A ARG AR A

RECN T BURME R 3200, FrEada il KRE 3 IR K
L R DURHE T UORBORRE Y X KA & IR R A B
i 2 AR SRR

5 PLRABERRBEST
5.1 QRIPFIRIR BB I T R R A2 AL

(1) PRIFI IR S T AW 6 P S 2, &
AP FSEA N, — R0 B R E ROREUR
Hol, “RSCEARMR RIS, 5 5]t
SRS AE R EORSEBL, 1Al R N AL 25 A
RETORT, LA AR KRB R SR, 2 Tx)
AR BRAZ SRR R, SIREA R iR
RUFARAFAER A, HAT80% LA A= B v T A 2
R RI ARSI, KBAESRG E
FAAE R MO 2 0 3 R B E R, HE
THARAMWN, REFEIZ TR E 22
Wi, A5 dUR A H as SR . PRI, R E VR R
HEE AR I JUEIPTA MARAS. 298, IR A2
FLE R AL SRR KR DLRTRORE, Tl Wt 7,
S S DUt (e R EGR I, B SRE AT H AL
ﬁg[69,70].

(2) REHEERNZE RN, R AR e A b oy
VRPN LS s W v R 62 o 3 T RGBSR &
T PEREAT 7 — S T DARS JE AR, [R5
VIR RS BB (B RIS . X R BRI TR P R AT 1
ORI AT, A AT A B R B 1) JE T A
AR . i, f£4FME R, REPREF K
SR I 5 G e 288/ N e M R AR e ) e 12 97 T, iE A R
B P B S S AR 1Y — SRR, A O A AR A R A
8, EFRATAIXE I, YU SR AR I R 1 56 %
AR KR () SRl g T,

(3) FLIAAAE Y A BT e sh MR i B . AR
TEFERRE . DN TR BRI, HE
SELTHAEY R BEAE, TR A KR, & EA
WAL ATAC . 3K o ST AR R AT AL S A5 45 L v 1
TR AEA TR 2, SiEYRRE )R, H
RIAELE (5 R AN AR AR 4 A 8 v ) 38 20 5 e sh i
IS, T RRAE A S 05 IR sh WA, IX i
WA AR E ST RS IR I . Bl A
AL R AR AR, VR A5 A S B s

1632

TR FE S I K RO B BV R R AR
T TUAR3 AN BT,

(4) REBEEERN BRI EE N, F i KR LR,
KB EEEE, PR WMEERm, R
B PP IAE — BRI, BB T R RO E
(s FE . (2 5 P A R 2 4 e R 5 o
RAERESSE. e b, RECGHTESE B2 BRI
F o, R B BN AU R A
PUTE BHE1~2AC LSS, TR 3 o B0 J5 AR X B )
ST R AR I RN . 7EIXBE I, R
B R TAORE VS IEALAE T I B SR T P B R
ZREVERIFNRERS BER S, RE NS AR TP S i 4
, E SRS RAEE. FTL, BA%RE % df
B BRI BN 2 BT R BT R B RIE, AR
FEFERRRAELG, WHRY, RIS E RN B
725 AR G T e e T,

(5) B¥VE B 5 RECHAS. RECS B FFE dualE E
1 BRI ] o 2 1) RIS 35 2 45 00 S A R i 1 4 26 %
B, 1 EE TR TR SRR I R R R RO
TERBL . Go KRS L E A b
AT DA E s AR i I AR, IR R AR
VRN E R, AR IR s AR, A KA, A
ZEEH E bR E R, TR RHOT bR E s
Theg. ln, ARG T A, e B R R b
90%A I, H: 5 PR 2 4 U b T 4 1 R BOK A
T, A48 RO T B K AR bR L g e,

(6) TR FH B BEVE A A5 il A4 i R
SO 2 S BRI A R T O A A A A e R
B T AW 0 P AR RIS 281, R TR v
MR SRR A s AR B b, BRI, AR
PR R R, R P OREL RTE I AR
R P R i At e (2 3% R R W o B Al
YIR, J5 J% BAE AR T A B 1 Y R 4 4 2150070

5.2 AFAuE SRR REE ARSI

g AR B Macrocentrus - cingulum st 5144
b5 W K KR Ostrinia  furnacalis FIAEF 25 A2 i,
NZIRKE RN F R, RO LURE I E
ROIEDRIRUAR E 0 JE AR, RIS 38 23 7 AR BRI 4 25 A R
BT 6 75 27 S5 4 H vk 9 R 7 R K A i e
T HR A A7 3 1) G S B LRI EEAT BT 9, WA 2 A



P EBNE: ARl 2024 E 0 543 A 9 b

Al SE B AR UG b R $ R R A A

(1) 75 X a7 AR e 1 S i RN 0.5 [ L)
RAEMLE]. 1R T PN TR UE 2 S G 28 1 240 i 1
2 5 K BTN R R L, T A
FIntegrin””* % 1f % H FImmulectins™  FEPP1#27E
LI ) B AR A R D R

(2) FTFAIMELEANE K B B BR AN (] 1) 5 B AR
ZF M N, RN S IRRR I, 18R OR K ik ah
1B 2 T 2 18 1Y) 2 W% i %5 15 2R ) Hemomucin b 2/ 76 16k
2 F (e NS, T Hemomuien 7 i 4) B 1 (1)
FIEERAG, B RIUAEREL) O B, 2R T 58
AR SR EE,  BoE I AR A AR R R 3 A Y mi -
croRNAsHIIfil &7 3 fe e A G HE R R0, AT E 340
137 32 1 8 RS (FRF K 3R).

53 RNAiSEREYHiHR

R R IR 1 2 A A R EV\RNA T
(RNA interference, RNAi)FEFREER, @ T —E %4
EURNABE R i e, 38 T 2 EAE A E
FIRFERIRNAEAR L, LG LT & B 2L R A
(CHSA). %120 75 W HAR ik 56 W 5 Snf7
267 4o t0 T 2B Metarhizium - anisopliae 5 K
CHSAMJdsRNAVR A, 7] 538 52 sy % 4 % m\ 1) s
AROR . RGBT T % A8 K E\CHSAMIdsRNA,
"X I\ P it 2 AR 1R JE 6 d ) B AR AR T 2R LU B AR T B
FEH134.7%~40.0%, FFEHIT [A] (LT o) 24 4 A= 7 B i
150%™,

54 MREYHEE T L]

Wi%#% B Helicoverpa armigerase Mt i i B E
d, R AR, FEWEII A RAC. IR dU R
AFEAS], % RIS B E B OB R T
B[R, AR TER R AR 2 B R

SRR 5T R R B AR O A R TR TR )
¢ B i IR 2R (PTTH) AN 57 3 & (ecdysone) S 8 &
KA, R E T THATE 2. AT TR I T B
RS TG, 51 HRR R T4 A e Hh (a4
WA N, Rl M R . IR =R
FRIGFR 0S5 W25 T A, BEmHms] 1 i =R
INEYE, REE AR TR, O A 1
BT, B&HEPMEHEAEETRED. HEEE

PE S NG AR EXERCRII - ot s E itk
Ay, BRI A A oL E R T R R A
AR T R S A ) AR

o7 A ) B R AR T AR B B2, TR
M A5 S R AR T EOWR? TR T B iR 15
T G R ML B R RS R, A A A e b Aok
ARt E LR IR, SBURTEEROS)H™
R, ROSHUEMA(E S, ROSHEAE ST,
WA RIS S IE I g, WS 3. TOR. TGF-
B+ HIF. c-Myc. INK&ZHE S84, 251k B dui
HRRAED Hod, S R TR 5 I T-FoxO
Fe BRI B ], 51K R R YRR K RIE R, JE3)
wET. [N, ROSIETT AE A EHERIE A T, & A
filg SEAC T A B A (1 5 Pl A (L 4 ), 3 BUCHlHE 1
BB T, S R i A AP,

Xf Lo E EE H BT TRE, WAEAR
B ARUBE R 2 SIS, X & TF A6 R0 i 3
s BRI 1 ILAE, Wi A R R R R A
SRR W B TR HT AR R A A 2 R R IA
S, IR G AR [ RS R R R A (T A R
L0 i (o R VS = P | 3§ s PR
PRPEA PR SN, MR A% B A 2 AL H R b
RIS ER RS RSN TAE.

6 A4

AW IR R A AR AR S A AR 4, A
SRR INEE ARG, AT LARE St A& 0 1 T AT G,
T HAN /D T HOR B0 — 555 0y e A K S 4 4R
AL, AT AR R R R, B R DA ) R
A SACH ), T HAR B 10 )R PR B2 %5 A
WELRAF IR L, SR thREE. — 2 WA, R
xf F R E AR A — R, ARanE R
W RBTERSR, —POREAEAE FOW ek A
JURPE AR, SRS DL, AR Al e L
PR ECE AN — P LR E R A, =R A G
B HALT IR T7 %, T A 2545 K S s A4
B2 % 3 E 1y N N2 SN R B N AW T St
FHRSHL I (AT VE S0 B R 2. 15 T 1X 28
R IIATAE, — R _ERIZ) T F AP AR
.

1633



st A ARG AR A

TR A KR, 5 e e )™ S AR I 2 7 Y
gz, KITE R A< 2457 e W 2 T BUpe 2 2% ER R Y
IEAEA, FEEBOBREAR IR, SR IR — A 5] A
I e B A, AR Ml S ) (120204 A 2 f
MEFERATIIIER) |, HiE T EH BB ia 18
VO RS 5, R g 0 RO A A% L SRR R
2y, HERESR A S G, AR E A R0
RAGMEHE, ARV A 2 MAESIE 24, 2
BEAO AT 582 K e B 1 7 1),

— I R BUR . BEDLFRTT BRI . REGHE
M TR RREHESETHNRGLE, &
BRI R A, T AR B U A B A A it 1) B 2R AT
& B, TR R ST AEYIB G R B, 1k R
IR NNV IVALA: BT SR U E PSR N )
[ R R MR RE R R REEA G BTG, R R —
| R M A R %, RIAEAR RO A IR 1)
ABAE B 2R B IR0 (R AI B, IR A
4 WAt aRVE A, XA REM IR EIPTIAX —iE

PN

1

10

11

12

13

14

1634

TERR ORI O AR K E ARG, & R ASIBORRELE A ™ SCB b R S

Pu Z L. Principles and Methods of Pest Biological Control (1st edition) (in Chinese). Beijing: Science Press, 1978 [ # 8. 5 H A Y BG16 9 R
FRECGE—R). dbnt: Bt RE, 1978)

Pu Z L. Principles and Methods of Pest Biological Control (2nd edition) (in Chinese). Beijing: Science Press, 1984 [t g, 2 B AEMIT A 1)
JEBRAN TG ). b3 RlAE R, 1984]

Zhang G R, Hu J, Pu Z L. Principles and Methods of Pest Biological Control (3rd edition) (in Chinese). Beijing: Science Press, 2022 [k i &,
B, SRR F RUEMIBIE K EEAN LG =), A6 B H AR, 2022]

Gu D X, Zhang G R, Zhang R J, et al. Review on fifty-years biological control of insect pests in southern China (in Chinese). Acta Entomol Sin,
2000, 43: 327-335 [k, Tkl 2, SRS, &5 PE T E RIS FEFBL B4R, 2000, 43: 327-335]

Gu D X, Feng S. Academician Pu Zhelong, the Father of Biological Control in South China (in Chinese). Guangzhou: Sun Yat-sen University
Press, 2012. 77 [ 84E, X0, o EEVIB 6 2 —fi el £, )7 o i, 2012)

PuZL, Deng D A, Liu Z C, et al. On the rearing of Trichogramma evanescens Westw. and its utilization for the control of sugar cane borers (in
Chinese). Acta Entomol Sin, 1956, 6: 1-35 [ & e, XSAE3E, X, 55, H LM op 7R IR 208 R i 7. R HUFHR, 1956, 6: 1-35]
Collaborative Research Group of Biological Control of Rice Pests, Kwangtung Province. The control of rice leaf roller Cnaphalocrocis
medinalis Guenee by Trichogramma egg parasites (in Chinese). Acta Entomol Sin, 1974, 17: 269-280 [J AR & /KFEE d A=Y 16 Kk TAE
BA. FUH A IR By v TR A . B 224, 1974, 17: 269-280 ]

Wang Z Y, He K L, Zhang F, et al. Mass rearing and release of Trichogramma for biological control of insect pests of corn in China. Biol
Control, 2014, 68: 136—144

Lee T Y. The development of Trichogramma evanescens Westw. and its influence on the embryonic development of its host, Attacus cynthia
ricini Boisd (in Chinese). Acta Entomol Sin, 1961, 10: 339-354 [FZ2 3%, FRAR & Trichogramma evanescens Westw. F/ME & & K H N F 25 £
Bk A Attacuscynthia ricini Boisd iR & IR M. B HFR, 1961, 10: 339-354]

Huang Y C, Yi D W, Song Z W, et al. The individual development of Trichogramma chilonis on Corcyra cephalonica eggs (in Chinese). J
Environ Entomol, 2016, 38: 457-462 [ #Edf, 5744, 1, 55 E ARG AMAR G . 58 B U%4), 2016, 38: 457-462]

Huang Y C, Song Z W, Li D X, et al. Effects of cold storage on the free amino acids in Corcyra cephalonica eggs (in Chinese). J Environ
Entomol, 2016, 38: 468-475 [SA#EMH, ART1H, 22BN, 5. WO Kk O HH e B LA KT 2. PR35 B 4R, 2016, 38: 468-475]
Huang Y C, Wu H, Song Z W, et al. Effects of cold storage on the chemical composition of Corcyra cephalonica eggs by 1 H NMR
spectroscopy. Biol Control, 2017, 110: 25-32

Wu H, Huang Y C, Guo J X, et al. Effect of cold storage of Corcyra cephalonica eggs on the fitness for Trichogramma chilonis. Biol Control,
2018, 124: 40-45

YiD W, Xiao R, Zhao Y L, et al. Cold storage of Corcyra cephalonica eggs affects the quality of Trichogramma chilonis offspring (in Chinese).
J Environ Entomol, 2014, 36: 565-571 [B ¥, MK, Bk, 5. A ORI INT 71 QUE 2 7R AR I 57 (1 R RS R 244, 2014, 36:
565-571]


https://doi.org/10.1016/j.biocontrol.2013.06.015
https://doi.org/10.1016/j.biocontrol.2013.06.015
https://doi.org/10.1016/j.biocontrol.2017.02.010
https://doi.org/10.1016/j.biocontrol.2018.05.011

PEBNE: ARl 2024 E 54 9

15

16
17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

YiJ, Wu H, Liu J, et al. Molecular characterization and expression of six heat shock protein genes in relation to development and temperature in
Trichogramma chilonis. PLoS ONE, 2018, 13: 0203904

Liu J, Yi J, Wu H, et al. Prepupae and pupae transcriptomic characterization of Trichogramma chilonis. Genomics, 2020, 112: 1651-1659
LiuJ B, Wu H, YiJ Q, et al. Transcriptome characterization and gene expression analysis related to chemoreception in Trichogramma chilonis,
an egg parasitoid. Gene, 2018, 678: 288-301

LiuJ, Wu H, Yi J, et al. Identification and functional characterization of D-fructose receptor in an egg parasitoid, Trichogramma chilonis. PLoS
ONE, 2019, 14: €0217493

Liu J, Wu H, Yi J, et al. Two gustatory receptors are necessary for sensing sucrose in an egg parasitoid, Trichogramma chilonis. Chemoecology,
2020, 30: 103-115

Tang L. Systematic studies of Chinese Anastatus (in Chinese). Master Thesis. Fuzhou: Fujian University of Agriculture and Forestry
Technology, 2018 [JEHK. H [E M5/ MEJE R KW 7t T L2400 10 S0, FaH: AR R MBI, 2018)

Peng L F, Gibson G A P, Tang L, et al. Review of the species of Anastatus (Hymenoptera: Eupelmidae) known from China, with description of
two new species with brachypterous females. Zootaxa, 2020, 4767: 351-401

Pu Z L, Mai X H, Huang M D. Preliminary reports on the control of Tessaratoma papillosa by applying Anastatus sp. (in Chinese). J Plant
Protection, 1962, 1: 301-306 [V #E, 22758, AWIEL. FIFIT B/ MERTIA 7 Ak IR VIR MR 244K, 1962, 1: 301-306]

Pu Z L. Control of Tessaratoma papillosa by applying Anastatus sp. In: Sun Yat-sen University and Guangdong Provincial Association of
Science and Technology, eds. Selected Works of Puzhelong (in Chinese). Guangzhou: Sun Yat-sen University Press, 1992. 135-169 [ # 8.
PR /ANEGAF R R, W Bl R 5 RER AR . ERIRESE. M Pl E AL, 1992, 135-169]

LiuZ C, Wang Z Y, Sun S R, et al. Mass reproduction of Anastatus sp., a parasitoid of Lichee stink bug, with artificial host eggs (in Chinese).
Chin J Biol Contr, 1986, 2: 54-58 [X, FE 5, HMULZI, 55, RN a7 3 09 L5 P15/ N6 7 50 AP05 16 81K, 1986, 2: 54-58]
Zhao C, Zhang B S, Yuan X, et al. Sixty years research on biological control of pests by Guangdong Academy of Agricultural Sciences:
Achievements and Prospects (in Chinese). Guangdong Agricult Sci, 2020, 47: 93—-102 [#X4ll, 5k F 5%, Rk, 55 | ARG R R # 5 E R EY)
Bra i s604F: BUt 5 R E. | ARRIEEE, 2020, 47: 93-102]

She C R, Pang R'Y, Gu D X, et al. Several technological problems of applying Anastatus sp. to control Tessaratoma papillosa (in Chinese). J
Fujian Agricult Univ, 1997, 26: 441-445 [&FA", MATE, ERE, 2. TR PRE/ NGB i6 75 A T BOR 8 BER . Fd Al K2 244,
1997, 26: 441-445]

Huang M D, Mai X H, Wu W N, et al. The biology of Anastatus sp. and its utilization for the control of Lichee stink bug Tessaratoma papillosa
Drury (in Chinese). Acta Entomol Sin, 1974, 17: 362-375 [B{ B/, 55, RAFw, &. 7 BUE R 90 %5 40— IE/N& (Anastatus sp.) 4=
Py B FUN R AT, R R, 1974, 17: 362-375]

Lu A P, Yang Q Y. Ontogeny of Anastatus sp (in Chinese). Nat Enemies Insects, 1983, 5: 215-221 [/ 57, MERIE. P8/ NMEME R BT,
EL o REL, 1983, 5: 215-221]

Lu AP, Cui BY, Yang L M. Effects of nutrition on the sexual differentiation of the parasitoids of Hymenoptera, I: effects of host eggs on the sex
ratio of Anastatus sp. (in Chinese). Nat Enemies Insects, 1981, 3: 1-5 [/ %F, B, NN, & F2F0 25 A VR H 1% 201 27 3 99 F-F
W&/N& Anastatus spPEHIER. BRAUKE, 1981, 3: 1-5]

Yang P. Oecophyllas maragdina. In: Wu F Z, ed. An Encyclopedia of Chinese Agriculture (in Chinese). Beijing: Agricultural Publishing House,
1992. 161-162 [#ii. BB, WL: RARM, E4, FERILEREBRES). Jbat: Rl B, 1992, 161-162]

Huang H T, Yang P. The ancient cultured citrus ant. BioScience, 1987, 37: 665-671

Huang T F, Ma Y, Tang B J, et al. Sexual differences in the response of the parasitoid wasp Anagrus nilaparvatae to rice volatiles (in Chinese).
Chin J Appl Entomol, 2021, 58: 876-884 [¥&jE K, 3¢, 17K, 55, g 28/ SR REHE R M It v — AAVEARAE. BIF B e 241, 2021, 58:
876-884]

Wang B Y, Huang T F, Ma Y, et al. Biological and ecological characteristics of a thermotolerant strain of Anagrus nilaparvatae (in Chinese).
Chin J Biol Control, 2021, 37: 692-700 [EUKF¥, SR, T2, 5. FE /MG H fh R AL AAE SR, AEMIBTTASER 2021, 37:
692-700]

Wang B Y, Ma Y, Tang B J, et al. Optimization of mass rearing of Anagrus nilaparvatae Pang et Wang on natural hosts (in Chinese). J Environ
Entomol, 2022, 44: 713-721 [FUK¥E, D%, HiKiE, 55 BT HIR % R MR A NI R R M & - IuA0. 3R8% B 53R, 2022, 44:
713-721]

1635


https://doi.org/10.1371/journal.pone.0203904
https://doi.org/10.1016/j.ygeno.2019.10.003
https://doi.org/10.1016/j.gene.2018.07.065
https://doi.org/10.1371/journal.pone.0217493
https://doi.org/10.1371/journal.pone.0217493
https://doi.org/10.1007/s00049-020-00301-9
https://doi.org/10.2307/1310713

st A ARG AR A

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

1636

Ma Y, Guo Z, Wang L, et al. The genome of the rice planthopper egg parasitoid wasps Anagrus nilaparvatae casts light on the chemo-and
mechanosensation in parasitism. BMC Genomics, 2022, 23: 1-14

Ma Y, Huang T, Tang B, et al. Transcriptome analysis and molecular characterization of soluble chemical communication proteins in the
parasitoid wasp Anagrus nilaparvatae (Hymenoptera: Mymaridae). Ecol Evol, 2022, 12: e8661

Pu Z L, Deng D A. Preliminary reports on the rearing, reproduction, and releasing of Rodolia cardinalis and Cryptolaemus montrouzieri
introduced from Soviet Union (in Chinese). Agricult Sci Southern China, 1957, (1): 61-63 [T 8, XB4E38. [ J5Hk 5| 2k 1 M B0 AN 7 IR
J& BRI 27 B0 K H SOOI e Aol B, 1957, (1): 61-63]

PuZ L, He D P, Deng D A. Reproduction and utilization of Rodolia cardinalis and Cryptolaemus montrouzieri (in Chinese). Acta Scientiarum
Naturalium Universitatis Sunyatseni, 1959, (2):1-8 [ &0, {55F, X335, & [RFS IR AN B S AF A, il KEFHRE R
BEZERR), 1959, (2): 1-8 ]

Li LY. The research on Cryptolaemus montrouzieri and the perspective of its utilization in China (in Chinese). Nat Enemies Insects, 1993, 15:
142150 [ZENN#E. B E & BB B d (Cryptolaemus montrouzieri)FIF 5 J¢ N R . B HUREL, 1993, 15: 142-150]

Pang X F, Li L Y. The population of Cryptolaemus montrouzieri in Guangzhou and its control on Pseudococcus sp (in Chinese). Nat Enemies
Insects, 1979, 1: 50 [JEME S, M4, & REE A MEHE R HEHA RN E. RUUREL, 1979, 1: 50]

Tang C, Pang H, Ren S X, et al. Studies on the Cryptolaemus montrouzieri Mulsant, feeding loblolly pine mealybug Oracella acuta (Lobdell) (in
Chinese). Nat Enemies Insects, 17: 912 [, BEUL, ARIi#E, 25, & [RBRJE DU VB AR I B0 78, B HUREL, 1995, 17: 9-12]

Pan WY, Tang Z Y, Xie G L, et al. Introduction and utilization of Coccobius azumai (in Chinese). Forest Pest Disease, 1993, 1: 15-18]1% %5/,
JETR, B, S RA SR A /N T BERUR I BT AL, ARA IR, 1993, 1: 15-18]

Tashikawa T. A new and economically species of Coccobius (Hymenoptera: Aphelinidae) parasite on Hemiberlesia pitysophila Takagi
(Homoptera: Diaspididae) in Okinawa, Japan. Trans Shikoku Ent Soc, 1988, 19: 67-71

Ding D C, Pang W Y, Tang Z Y, et al. Biology of Coccobius azumai Tashikawa (Hymenoptera: Aphelinidae) (in Chinese). Acta Entomol Sin,
1995, 38: 46-52 [T 18R, ¥ 5508, T80, 55, MR ML A IE NG IRED . B HUER, 1995, 38: 46-52]

Pu Z L. Preliminary report on the control of Pieris rapae larvae by applying bacteria in Chengjiang of Yunnan (in Chinese). J Sun Yat-sen Univ,
1941, (2): 27-28 [l # L. = B ETL FVRIRS AR BT E Y0 . LR, 1941, (2): 27-28]

Guangdong Institute of Microbiology. Investigation report on the control of rice pests by borelicide Bacillus (in Chinese). Microbiol China,
1975, 2: 5-7 [ RAE LTI, AR AEAT BT KTE & MR B RS, UEY AR, 1975, 2: 5-7]

Pu Z L. Study on the control of mosquito larvae by Bacillus thuringiensis vat. Israelensis (in Chinese). Guangzhou: Sun Yat-sen University
Press, 1984 [JH#JE. 75 =G AT B LLOFIEFBIE DA R IBTTE. | M diliaE HRRE, 1984]

Pang Y, YuJ X, Deng R Q, et al. Insecticidal engineering bacteria of Bacillus thuringiensis and its construction method. Chinese Invention
Patent, Application No: 9812223115, Publication No: CN1224760A, 1998 [ X, {75, XS H ik, 2. Jr = & AT B A R TR R a5 k.
R E K BIER, B S 9812223115, ATF5: CN1224760A, 1998]

Yu J X, Pang Y, Deng R Q. Molecular chaperone gene of insecticidal crystal protein of Bacillus thuringiensis, vector and strain containing the
gene. Chinese Invention Patent, Application No: 981223017, Publication No: CN1234556A, 1999 [ {55, JE X. 75 =~ &P B % B AR A 1
BRI & F 2R IR K k. E R TR, HiE S 981223017, AFF5: CN1234556A, 1999]

Electron Microscopy Lab in the Entomology, Department of Biology, Sun Yat-sen University. A brief report on the study of plasmotype
polyhedrosis virus in larva of Pinus massoniana (in Chinese). Acta Scientiarum Naturalium Universitatis Sunyatseni, 1976, 22: 11 [#7 111 K224
MARRLN R T RHEE. B RMmB Y SR L AR BT R, Bl RS 2R (B RFEERR), 1976, 22: 11]

PuZL,YeY C, Pang Y, et al. Research on Insect Viruses (in Chinese). Chongqing: Science and Technology Literature Press, 1982. 1-41 [J##
o, WE B, B S RAURF B, EK: BHERR G R, 1982, 1-41]

Liu Q L, Wu R G, Zeng C X, et al. Application of plasmolytic polyhedrosis virus to control pine caterpillar in forest (in Chinese). Guangdong
Forestry Science and Technology, 1985, (3): 13-30 [XIT&IR, 456, ¥ BRiMll, 5. N 5 R £ H5 8 2 M A 2 AR 107 V6 Fa & Hatle. |
ML RHEGEI, 1985, (3): 13-30]

Chen C J. Integrated management of pine caterpillars (in Chinese). Beijing: China Forestry Publishing House, 1990. 282-300 [} & i&. #A & H
ZREEHL. Jbnt: REBO R, 1990. 282-300]

Li G H, Pang Y, Chen Q J, et al. Studies on the artificial diet for beet armyworm, Spodoptera exigua (in Chinese). Chin J Biol Control, 2002, 18:
132-134 [Z5)77 2%, Be3C, WRICHE, 55, — PR 28 R S AR MRS R N AR i EZEYBi A, 2002, 18: 132-134)


https://doi.org/10.1002/ece3.8661

PEBNE: ARl 2024 E 54 9

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

Insect Virus Research Group of Entomology in the Department of Biology. Preliminary study on the nuclear polyhedrosis virus of Spodoptera
litura (in Chinese). Acta Scientiarum Naturalium Universitatis Sunyatseni, 1976, (3): 92-97 [ZE#%% & B o255\ B HUm 80 70 /N RE4C
PA% % FARIR B IV 9. oL RS R (H AR B RR), 1976, (3): 92-97]

Chen Q J, Pang Y, Li G H. Spodoptera litrua nuclear polyhedrovirus insecticides—Chongwen 1. In: Abstracts of the symposium on biological
pest control on both sides of the Taiwan Strait in 1998 (in Chinese). Biological Control Professional Committee of Chinese Plant Protection
Society & Chinese Society of Entomology, Beijing, 1998. 56 [, JE X, 451 %% RISURIEIE 2 M AR5 B8 % R A——HUE —5. *98ifgik
P AN AR 20 SCR L Jbat: PEEM R EYNG TR & PRR RS, 1998. 56]

Yang P. Insect virus insecticides—Chongwen I (in Chinese). Pesticides, 1999, 38: 33 [#%iili. B HUR & A BAl—HE—5. K%, 1999, 38:
33]

Pang Y, Yao B, Fan YL, et al. Improvement of baculovirus as insecticide by using a scorpion toxin gene (in Chinese). Nat Enemies Insects,
1995, 17: 90-92 [ 3, Woik, Y7, 55, F M 22 B8 25 R APHOR 3% dUR). B HURER, 1995, 17: 90-92]

Liu Y W, Pang Y. A preliminary study on the heterologous recombination of baculovirus in insect cell lines (in Chinese). J Sun Yat-sen
University, 1995, (Suppl 2): 89-92 [XIE3C, B . FPIRIBEIFIELN ALK B I AT, Al K 28308 (R A8 SC4E), 1995,
(2): 89-92]

LiuY W, Pang Y, Pu Z L. Baculovirus heterogenic recombination causes DNA deletion and enlargement of insecticidal spectrum (in Chinese).
Abstracts of National Biological Control Symposium, Beijing, 1995. 346 [XI|EZ 3, P& X, T # . #F0R0% 8 5 F 41 5| DNABR R A KR
qUlk. A E VPR AR IS SIS B, b, 1995. 346]

Liu N X, Liu X L, Li Q J, et al. Preliminary report on sensitivity test of entomopathogenic nematodes to Opogona sacchari (in Chinese). Nat
Enemies Insects, 1998, 20: 143 [XIFK, XUF5Fe, ZERk 8, 4. B HUp) IR 2k RO FE UL RIS AR, B HURER, 1998, 20: 143]

Zhang G R, Gu D X. Banana moth Opogona sacchari (Bojer). In: Wan F H, Zheng X P, Guo J Y, eds. Biology and Management of Invasive
Alien Species in Agriculture and Forestry (in Chinese). Beijing: Science Press, 2005. 346-362 [5k & 2., 84, k. W: 577, /N,
PTG, EERMIIRN RIS 1), Jbst: B HARAL, 2005, pp.346-362]

Pu Z L. The integrated pest control by exerting the effectiveness of natural enemies of pests (in Chinese). Guangdong Agricult Sci, 1973, 9: 1-4
Ci e, S8 DURFES SRR N B E R & BIE. | ARREE, 1973, 9: 1-4]

PuZL,GuD X, Zhou H H, et al. Integrated control of rice pest insects in Dasha Township, Sihui County, Guangdong Province (in Chinese). Sci
Agricult Sin, 1984, (4): 73-80 [ le, MEE, FIDOE, 5. KV XKREE RZEAEPHaTTT. b ELR AL, 1984, (4): 73-80]

PuZ L, GuD X, Zhang R J. The integrated control of rice pest insects in Dasha Township for 23 years. In: Zhang Z L, Piao Y C, Wu J W, eds.

Proceedings of integrated pest management in China (in Chinese). Beijing: China Agricultural Sciences Press, 1996. 16-25 [J# g, 84, 5k
A, REUKTEE REEEBIR23FE. W 5RZH], A, REES, T EAFEDLEERIIR R, bt P EARFR A B,
1996. 16-25]

Yang H W. Review in utilization of insect natural enemies during the period from 1985 to 2015 in China (Part 2) (in Chinese). Chin J Biol
Control, 2015, 31: 613-619 [##3C. FE L AT R A A = HERBICRE). H B ARG 5%, 2015, 31: 613-619]

ShenJ W, Liu Z C, Cai Y J et al. Effect of mixture cropping of multiple rice varieties on brown planthopper (Nilaparvata lugens) and spiders (in
Chinese). Chin J Biol Control, 2015, 31: 327-332 [Vha 46, XU, LIUHR, 55, KRG fh 2 R4 U IR 1 2. 0 [ 205 76 2
%, 2015, 31: 327-332]

Cai Y J, Shen J W, Diao S X, et al. The effect of rice-vegetable rotation cultivation on density of the brown planthopper and spiders in the fields
(in Chinese). J Environ Entomol, 2015, 37: 548-550 [ 01%, IL3E16, 4087, 25, RESEF01EXT RS H AR K EURIIIR 2508 O B2 . IR R e 2%
ik, 2015, 37: 548-550]

Zhang W Q, Zhang G R, Gu D X. Community reestablishment and biological control of rice insect pests (in Chinese). Taiyuan: Shanxi Science
and Technology Press, 2001 [5k3CEK, 7Kk &, W iEsE, % E & 5K E fEMB A, KB (hFE RS HRAE, 2001]

Zhang W Q, Zhang G R, Gu D X. The reestablishment of the arthropod community in short-term crop fields III. Community reestablishment and
conservation and utilization of natural enemies (in Chinese). Acta Ecol Sin, 2001, 21: 19271931 [3K UK, 7k 2, e, S maAcEm A
BB IR A 1L A A 5 REP R, A3 24R, 2001, 21: 1927-1931]

Zhang G R, Gu D X, Zhang W Q. Species pools of predatory arthropod communities and community rebuilding in paddy fields (in Chinese).
Chin J Biol Control, 1997,13:65-68 [k &, BKICH, diflite. 75 H A €1 B zh WREE Fh e SREE I IE 2. b E AW, 1997, 13:
65-68]

1637



st A ARG AR A

72

73

74

75

76

71

78

79

80

81

82

83

84

85

86

87

88

89

90

92

1638

Mao R Q, Gu D X, Zhang W Q et al. Egg parasitoids of the brown planthopper Nilaparvata lugens (in Chinese). Nat Enemies Insects, 1999, 21:
45-47 [T, HEERE, SRR, & TRHRAS RGP RN A LIERIRIE. BOUREL 1999, 21: 45-47]

Zhang W Q, Gu D X, Zhang G R. The reestablishment of the arthropod community in short-term crop fields 1. Concept and characteristics of
the community reestablishment (in Chinese). Acta Ecol Sin, 2000, 20: 1107-1112 [FK 3K, dffE, kb Z. AR EY S 3 3 #E
WHERE 1. BKERONES R, £, 2000, 20: 1107-1112]

Zhang W Q, Gu D X, Zhang G R. The reestablishment of the arthropod community in short-term crop fields II. Analysis and manipulation of
the community reestablishment (in Chinese). Acta Ecol Sin, 2001, 21: 10201024 [3K SCER, il ke, 3k b 2. 150 B e A 55 b 35 e sh i
R 1. BEVEE R0 R, A5, 2001, 21: 1020-1024]

Wang LY, Wu H X, He W. et al. Diversity of parasitoid wasps and comparison of sampling strategies in rice fields using metabarcoding. Insects,
2024, 15: 228

Hu J, Wang P, Zhang W. Two types of embryos with different functions are generated in the polyembryonic wasp Macrocentrus cingulum
(Hymenoptera: Braconidae). Arthropod Struct Dev, 2015, 44: 677-687

Hu J, Feng X, Yang Z, et al. A continuous cell line, SYSU-OfHe-C, from hemocytes of Ostrinia furnacalis possesses immune ability depending
on the presence of larval plasma. Dev Compar Immunol, 2014, 45: 10-20

Hu J, Du Y, Meng M, et al. Development of two continuous hemocyte cell sublines in the Asian corn borer Ostrinia furnacalis and the
identification of molecular markers for hemocytes. Insect Sci, 2021, 28: 1382-1398

Hu J, Zhao H, Yu X, et al. Integrin f1 subunit from Ostrinia furnacalis hemocytes: Molecular characterization, expression, and effects on the
spreading of plasmatocytes. J Insect Physiol, 2010, 56: 1846—1856

Xu Q, Yu X, LiuJ, et al. Ostrinia furnacalis integrin B1 may be involved in polymerization of actin to modulate spreading and encapsulation of
plasmatocytes. Dev Compar Immunol, 2012, 37: 438-445

Song Z, Tian M, Dong Y, et al. The C-type lectin IML-10 promotes hemocytic encapsulation by enhancing aggregation of hemocytes in the
Asian corn borer Ostrinia furnacalis. Insect Biochem Mol Biol, 2020, 118: 103314

HuJ, Feng X, Yao L, et al. A thermally stable protein EPP1 of corn borer Ostrinia furnacalisregulates hemocytic encapsulation. J Innate Immun,
2021, 13: 280294

Hu J, Zhu X X, Fu W J. Passive evasion of encapsulation in Macrocentrus cingulum Brischke (Hymenoptera: Braconidae), a polyembryonic
parasitoid of Ostrinia furnacalis Guenée (Lepidoptera: Pyralidae). J Insect Physiol, 2003, 49: 367-375

Hu J, Yu X, Fu W, et al. A Helix pomatia lectin binding protein on the extraembryonic membrane of the polyembryonic wasp Macrocentrus
cingulum protects embryos from being encapsulated by hemocytes of host Ostrinia furnaclis. Dev Compar Immunol, 2008, 32: 356-364

Hu J, Xu Q, Hu S, et al. Hemomucin, an O-glycosylated protein on embryos of the wasp Macrocentrus cingulumThat protects it against
encapsulation by hemocytes of the host Ostrinia furnacalis. J Innate Immun, 2014, 6: 663-675

Li D, Mao J, Li C et al. Screening of safe and efficient RNAI target genes and the control effects of a Snf7 homologous gene in the brown
planthopper (in Chinese). Acta Scientiarum Naturalium Universitatis Sunyatseni, 2020, 59: 1-11 [22F}, BE, 2540, Z5. #5 CEl % 4 5 2(RNAI
UL PR AR 97306 K Snf 7[RI W53 DR ) 2 55 8O ok 2 i (HL AR RR), 2020, 59: 1-11]

Li T, Chen J, Fan X, et al. MicroRNA and dsRNA targeting chitin synthase A reveal a great potential for pest management of the hemipteran
insect Nilaparvata lugens. Pest Manag Sci, 2017, 73: 1529-1537

Pan CY, Cai Y J, Li T C et al., Control effect of Metarhizium anisopliae and its mixture with dsRNA on the brown planthopper (in Chinese). J
Environ Entomol, 2016, 38: 1071-1077 [ #%#, SEI0IR, 26, &5, SRMET S H 5 dsRNATR & DO R EEIBIIG OR. FREE R e,
2016, 38: 1071-1077]

Hu J, Cui H, Hong M, et al. The Metarhizium anisopliae strains expressing dsSRNA of the NICHSA enhance virulence to the brown planthopper
Nilaparvata lugens. Agriculture, 2022, 12: 1393

Xu W H, Lu Y X, Denlinger D L. Cross-talk between the fat body and brain regulates insect developmental arrest. Proc Natl Acad Sci USA,
2012, 109: 14687-14692

Zhang X S, Wang T, Lin X W, et al. Reactive oxygen species extend insect life span using components of the insulin-signaling pathway. Proc
Natl Acad Sci USA, 2017, 114: E7832-E7840

Lin X W, Tang L, Yang J H, et al. HIF-1 regulates insect lifespan extension by inhibiting c-Myc-TFAM signaling and mitochondrial biogenesis.
Biochim Biophys Acta, 2016, 1863: 2594-2603


https://doi.org/10.1016/j.jinsphys.2010.08.001
https://doi.org/10.1016/j.ibmb.2020.103314
https://doi.org/10.1159/000515122
https://doi.org/10.1016/S0022-1910(03)00021-0
https://doi.org/10.1159/000360819
https://doi.org/10.1002/ps.4492
https://doi.org/10.3390/agriculture12091393
https://doi.org/10.1073/pnas.1212879109
https://doi.org/10.1016/j.bbamcr.2016.07.007

PEBNE: ARl 2024 E 54 9

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

LiHY, Lin X W, Geng S L, et al. TGF-p and BMP signals regulate insect diapause through Smadl-POU-TFAM pathway. Biochim Biophys
Acta, 2018, 1865: 1239-1249

Song Z, Yang Y P, Xu W H. PTEN expression responds to transcription factor POU and regulates p-AKT levels during diapause initiation in the
cotton bollworm, Helicoverpa armigera. Insect Biochem Mol Biol, 2018, 100: 48-58

Wang X X, Geng S L, Zhang X S, et al. P-S6K is associated with insect diapause via the ROS/AKT/ S6K/CREB/HIF-1 pathway in the cotton
bollworm, Helicoverpa armigera. Insect Biochem Mol Biol, 2020, 120: 103262

Su X, SuZ, Xu W. ROS elevate HIF-1a phosphorylation for insect lifespan through the CK2-MKP3-p38 pathway. Biochim Biophys Acta, 2023,
1870: 119389

Zhang X S, Li W S, Xu W H. Activation of protein arginine methyltransferase 1 and subsequent extension of moth lifespan is effected by the
ROS/INK/CREB signaling axis. J Biol Chem, 2023, 299: 102950

Zhang X S, Wang Z H, Li W S, et al. FoxO induces pupal diapause by decreasing TGFp signaling. Proc Natl Acad Sci USA, 2022, 119:
€2210404119

Geng S L, Zhang X S, Xu W H. COXIV and SIRT2-mediated G6PD deacetylation modulate ROS homeostasis to extend pupal lifespan. FEBS J,
2021, 288: 24362453

Geng SL, LiHY, Zhang X S, et al. CBRI decreases protein carbonyl levels via the ROS/Akt/CREB pathway to extend lifespan in the cotton
bollworm, Helicoverpa armigera. FEBS J, 2023, 290: 2127-2145

Zhang T Y, SunJ S, Liu W Y, et al. Structural characterization and transcriptional regulation of the gene encoding diapause hormone and
pheromone biosynthesis activating neuropeptide in the cotton bollworm, Helicoverpa armigera. Biochim Biophys Acta (BBA)-Gene Structure
Expression, 2005, 1728: 44-52

Hong B, Zhang Z F, Tang S M, et al. Protein—-DNA interactions in the promoter region of the gene encoding diapause hormone and pheromone
biosynthesis activating neuropeptide of the cotton bollworm, Helicoverpa armigera. Biochim Biophys Acta (BBA)-Gene Structure Expression,
2006, 1759: 177-185

Lu Y X, Xu W H. Proteomic and phosphoproteomic analysis at diapause initiation in the cotton bollworm, Helicoverpa armigera. J Proteome
Res, 2010, 9: 50535064

Bao B, Xu W H. Identification of gene expression changes associated with the initiation of diapause in the brain of the cotton bollworm,
Helicoverpa armigera. BMC Genomics, 2011, 12: 1-14

Zhang Q, Lu Y X, Xu W H. Integrated proteomic and metabolomic analysis of larval brain associated with diapause induction and preparation in
the cotton bollworm, Helicoverpa armigera. J Proteome Res, 2012, 11: 1042-1053

LuY X, & %, Denlinger D L, et al. Polycomb repressive complex 2 (PRC2) protein ESC regulates insect developmental timing by mediating
H3K27me3 and activating prothoracicotropic hormone gene expression. J Biol Chem, 2013, 288: 23554-23564

Wang T, Geng S L, Guan Y M, et al. Deacetylation of metabolic enzymes by Sirt2 modulates pyruvate homeostasis to extend insect lifespan.
Aging, 2018, 10: 1053-1072

Liu S S. Opportunities, challenges and countermeasures of integrated pest management (in Chinese). Plant Protect, 2000, 26: 35-38 [XI#4:. &
HEREVR BTG LS PRSI SR, RALRY, 2000, 26: 35-38]

Department of Agriculture. Circular of the Ministry of agriculture on the issuance of the action programme on zero growth in fertilizer use by
2020 and the action programme on zero growth in pesticide use by 2020 (in Chinese). Beijing: Ministry of Agriculture of the People’s Republic
of China, 2015 [V, AV ERTEIR (FI20204FAL LM R ZHKATEI T SD A (BI202045E 4R 2548 I B F B KATE 7 2D s 0.
Jemt: s NRIEAME AL, 2015]

1639


https://doi.org/10.1016/j.bbamcr.2018.06.002
https://doi.org/10.1016/j.bbamcr.2018.06.002
https://doi.org/10.1016/j.ibmb.2018.06.005
https://doi.org/10.1016/j.ibmb.2019.103262
https://doi.org/10.1016/j.bbamcr.2022.119389
https://doi.org/10.1073/pnas.2210404119
https://doi.org/10.1111/febs.15592
https://doi.org/10.1111/febs.16691
https://doi.org/10.1016/j.bbaexp.2005.01.009
https://doi.org/10.1016/j.bbaexp.2005.01.009
https://doi.org/10.1016/j.bbaexp.2006.03.003
https://doi.org/10.1021/pr100356t
https://doi.org/10.1021/pr100356t
https://doi.org/10.1021/pr200796a
https://doi.org/10.1074/jbc.M113.482497
https://doi.org/10.18632/aging.101447

st A ARG AR A

Biological control benefits mankind

ZHANG Guren', ZHANG Wenging', ZHOU Qiang', HU Jian” & XU Weihua'

1 State Key Laboratory of Biocontrol, School of Life Sciences, Sun Yat-Sen University, Guangzhou 510275, China;
2 School of Agriculture, Sun Yat-Sen University, Shenzhen 518107, China

Biological control is an important part of green control technology for plant protection, and an important technical means to
effectively control pesticide dosage, ensure agricultural production safety, agricultural product quality safety and ecological
environment safety, and promote agricultural sustainable development. The late Professor Pu Zhelong, academician of the Chinese
Academy of Sciences, and his team have made outstanding contributions in the field of biological control for pests. In terms of
reproduction, release, protection and use of natural enemies to control pests, based on the fully investigation of host selection and
reproduction of Trichogramma, and the eggs of Philosamia cynthia ricini were used as the intermediate host for mass reproduction of
Trichogramma, which set a precedent and was widely applied to the control of sugarcane borers. Breeding and releasing the wasps of
Anastatus fulloi to control Tessaratoma papillosa, the litchi and longan insect pests, which has been used till now; It excavated,
inherited and promoted the cultural heritage of the motherland that used Oecophyllas maragdina to control citrus pests. The technique
of four-cell propagation for the large scale breeding of the Anagrus nilaparvatae was established. In the aspect of the introduction of
natural enemies to control pests, the introduction of Rodolia cardinalis and Cryptolaemus montrouzieri to control scale insects had
been completed. It was suggested to introduce Coccobius azumai from the origin to control Hemiberlesia pitysophila, the new
invasive pest in pine forest. In the control of insect pests by entomopathogenic microorganisms, Bacillus thuringiensis was used to
control rice pests such as Cnaphalocrocis medinalis, Tryporyza incertulas and the mosquito larvae of Culex quinquefasciatus.
Dendrolimus punctatus cytoplasmic polyhedrosis virus was used to control Dendrolimus punctatus; The insecticide of nuclear
polyhedrosis virus, "Chongwen 1", was developed and commercialized. Through the mutation of the virus genome or the introduction
of foreign genes into the genome that can interfere with the metabolism and accelerate the death of insects, multiple high-efficient
nuclear polyhedrosis virus strains were constructed. The entomopathogenic nematodes were used to control the banana moth of
Opogona sacchari, a new invasive flower pest. In the aspect of integrated pest management, "integrated pest management based on
the effectiveness of natural enemies of pests” had been implemented, that is, starting from the overall agricultural ecosystem,
according to the mutual relationship between rice pests and the environment, giving full play to the control role of natural enemies,
adjusting to local conditions and coordinating the application of necessary measures to control rice pests below the allowable level of
economic loss. In the aspect of applied basic research, the community ecological mechanism of protecting and utilizing natural
enemies and giving full play to the effectiveness of natural enemies was expounded. The immune interaction between Macrocentrus
cingulum and its host was studied. The application of RNAI in pest biological control was investigated. The molecular mechanism of
diapause in cotton bollworm, Helicoverpa armigera, was studied systematically. Pest biological control is a systematic project
involving the government, commercial departments, technical researchers, agricultural technology extension departments, consumers,
farmers and other aspects of society, farmers are the final implementers of control measures, only let farmers fully understand the idea
of pest biological control and technical system, in order to ensure that the biological control of the benefit of human technology to be
accurate and effective implementation.

biological control, natural enemies of pests, Trichogramma, insect pathogenic microorganism, integrated pest
management
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