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The control efficiency of Scutellista caerulea Fonscolombe on Parasaissetia nigra
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Abstract; Scutellista caerulea Fonscolombe is an ectoparasitic enemy of Parasaissetia nigra Nietner, an important pest of
rubber trees. This study aims to clarify the control efficiency of S. caerulea on P. nigra and provide data support for its
further utilization. The functional response, searching efficiency and mutual interference of this parasitoid were measured
indoors by dissecting to see if the wasp laid eggs under the host’s abdomen at different temperatures and host developmental
stages. There were 6 treatments for temperature, including 21, 24, 27, 30, 33, 36 °C, and three treatments were used for
the developmental stages of the hosts, early adult (1 to 2 d adult), brown adult ( brown body color, 3 to 4 d before
spawning ) , black adult ( black body color, adults 1—2 days after laying eggs). The results showed that the functional
response of S. caerulea to P. nigra matched the Holling-II and Holling-Ill models. In the range of 21—36 °C , the control
efficiency of S. caerulea on P. nigra was the maximum at 33 °C, 44.4201 and the minimum at 21 °C, 9.2458, and both
models show that at 33 °C, the upper limit of parasitism is the largest, which were 45.7 and 19.2, respectively. The control
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efficiency to the different development stages of P. nigra were; the largest in the black stage, followed by the brown adult,
and the smallest in the early adult stage, which were 18.9044, 13.7410, and 7.200, respectively. And both models show
that when P. nigra was black adult stage, the upper limit of parasitism was the largest, which were 15.7 and 12.2,
respectively. Both models show that when P. nigra was early adult stage, the upper limit of parasitism was the lowest, which
were 5.2 and 4.4. In addition, the Hassell-Varley interference model was used to fit the parasitic action rate of S. caerulea
interfered by its own density under different temperatures, which indicated that S. caerulea had self-interference among
individuals in the population when they parasitized. Temperature affected the search and self-interference of S. caerulea. In
the range of 21—33 °C, the search constant and interference constant reached their maximum values at 33 °C, which were
0.6116 and 0.7535, respectively. In summary, when the developmental stage of P. nigra is the black adult, and the

temperature is 33 “C, S. caerulea has the stronger ability to control P. nigra, and the mutual interference is the strongest.

Key Words: Scutellista caerulea Fonscolombe; Parasaissetia nigra Nietner; functional response; searching efficiency;

mutual interference

BN EREE WY Parasaissetia nigra Nietner J& [F]3# H Hemiptera i 5.8} Coccoidea Bl Coccidae , K JH FIE
W, BT T RREEAR I Z SNSRI AR EIER I S 2 S R, AT 92 BEAF AR, IO EAR AL
WA 2 R AR A7 HE e U U B A T AR AR AR 2 AR A AT R 2 R B
Hb 2 RME XN S A A R R AR R, PRI e L BT ST SR R T B, B AR
BB H AR, S R BOZ 2 R BA i — 85 1), T i R ECST IR A )2 i PE A RT3 A B 20
SR TS AR ENZE S 2P RO SR PSR R R S . HT, © A 200 HIT R T K8
BEUR I A N B RO WFIE, R T 22 B n] I T A9 AR R BRI AR B R, a0 B B W 1 /N Coccophagus
ceroplastae Howard | Bl £k I W [ 4% Bk /)N ¥ Metaphycus parasaissetiae Zhang and Huang . H A & ) 1 /)N #%
Coccophagus japonicus Compere fEHEIG ik Bk/ N Diversinervus elegans Silvestri 2528 Hivh | B £ igf /)N i |
H A B igigf /N e | O FRE D6 I b /1N T 2 A AR AR R A 2 a8t 2 ol o e A R A B/ e G AR I
BRI LR A R T

AHESEA AT 2018 4E7E T 9 4 Bt EL— AR BB 881 o 2 0 1 — oA ) e A g ) ol o 2 A e, 20 08 T X
WA S S 4 /N Scutellista caerulea Fonscolombe , J& I3 H Hymenoptera /N &} Chalcidoidea 45 /MR
Pteromalidae’ "’ o )T A T A iy Ceroplastes rusci Linnaeus RS BE 2R W) Saissetia oleae Olivier 485y
Coccus hesperidum Linnaeus 3 FaIE WY Ceroplastes floridensis Comstock ST e R Ahar A i | HLR R
W OO P AE 2T E AR, AZF R PRI R ROt R A B HUYTAR R B A 9 G 7 B 0 R
(@G, 7200 1—2 d) BREIERES N L FVAT, E A3 i G &/ Ng I HGE R B =, HLRAZF £ 44l
Pl R R R R A D A AR IV RR AR G S G . A FH €S /N ke 47 T AR ) Bk
By, R WA ORI BRI A ) A5 A DR SR S A B R T RO, AT AE S N AT AN R
AR R BRI I YA [F) B T B T i O K /N R 27 AR D RE S BL A 3 B985 B2 T 0RO e, LA I
A /NI X AR ) R g 0 42 5 VI LA B R B8 R FH 2 2 A e AR R R s I i e AR TR, 37 R B B LA
S8 Hu LY Shy i G T 4 /NI 14 FH () 7 FH B2 HEBRIBAR 5

1 #MREFE

1.1 AR

UK . T m B VR 5 TR 564775 BA (20.05°N, 102.72°F ) AR A R A2 A5 Rl R 16, 75 [ 4
A B GG SHEY RT3 L E N R IR Cucurbita moschata ( Duch. ex Lam.) Duch. ex Poiret( fifi
Fofr s BEAS W) ST 1A T A A N T R TR 7 ) RS, A R A T B R R O IR B 25—27°C R N
70%—90% ., T g 48 Bt BB AR AR e G 5 1 IR Bl ( 19.03°N, 109.84°F ) AR 1 (o A< i 4 /N i | 7o L3P
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S5, FH R TR S0 5 AR R RS M 287, 25—27°C AHXBEE 70%—90%
1.2 ik
1.2.1  A[FEREEE T 35 6 S 4 /N XA R BRI o i) 27 A= D e

TR0 DAAG I B s ey B e 4] o (A fB PR PR 1—2 d ) AR R 3 R B A E R R 510
15.20.25 3k, 7R R PkEAT LR AR w2k s iy 285 B 307, TV T, KBR Z A i IVEEF A, R N
R B RERER (2 4 mm JE) S BRBCTE AR N 9 em FUREFRILPY ARG RN EA 1 3k B AR A9 5
ARG S /N T TARER 15% BENE K i /N BR | B J5 FH 20 A b I 1T, Pl D e 06 19 5% 35 ML i
N TSGR B ECE L12 h = D12 h, B R (70+5) % , 5% BRI EE R, 20500 21 .24 27 .30,
33.36%C , H2l% 24 h G EU B R E G /N IS FR LA RS B 7E R ALARE T A AR R BRI I8 S 27 4R
S IR R TSI E A 4 0K,
1.2.2  RFEAFFLEE B BT 5 O 4 /NG A5 R 2R i (1) 75 25 D) B

53 1 DR R BRI R (1—2 d pdy) A d (R EHE 6, 77 DT 3—4 d JeR) R E R
HORERE 7N 1—2 d B AT 3 R E A R0 5.10,15.20.25 3k, $EIE 1.2.1
W T O /NI N\ B AT A ) B I o 1 5% R L, o0 T 2 06 1) 355 % MLBCEE N T A v, 1 O S o
L12 h : D12 h, {2 (70+5) %, iR 27°C  $E06 24 b S U B (6K 5 4 /N S 332 LR RS B, 7R A0
BE R RS B BRSO IC SR R A AE A I BO, R IRABEE A 4 K,
1.2.3  R[EIELE T #5645 4 /NG B % 5 TR0

TG ARG R B i (o ) R (R BB PR 1—2 d i) A BNRE T IR E A RN 30 3k Rk
BRI AR 1.2.1, BRI E R 4 1K,
1.3 HdEabr

WS A /N H 42548 1 FH SPSS23.0 Ge it 3R 4247 20 r , >R FHER R 3 5 22 738 (ANOVA ), Duncan
iR B EN, EIFR A Microsoft Excel 2016 FU5E

Holling- I B3 fig )2 A1) . Na =aNT/ (1 + aThN) ,Na N8 242 350 0 WBERT T2 N R 25 1 9%
B3 Th AL B B] , RISP-38 25 A — 3k 2F T AL BB R] 3 7 R KSR U 25 A2 2F R BB (A5 1 d) o

Holling- I YL 8 S WA AL ™). Na =a’e™" | Na ABEFF A FHGN A BB o MK AR b N
FEFHREE,

FHBOE . S = a/(1 + aThN) S HTHI ;0 FBEITTCE S Th R b BRI ] N R 25 %%

Hassell-Varley T2 F = QP™" E NFTFHEEHR,Q MBI HEGP NS ERE ,m A TILSEL,

SPESEASRE S I = (B, - E,)/ E, , I NS REE E N 1 kA M AR E O p k3 E
W A AEAE R

2 #R

2.1 OR[RIEEE TR W A 5 S/ I X A B I iy 1 7 AE Dy g
2.1.1 R O E 4N H 343 A 5

[l —7F ER BN, YA ERER 5 Skif, B TFARAE 27 .30 33°CHHR K, ¥1h 4.3 3k 21°CH &/, h
2.33%, B E/NTHAL S MNMEE TR H Y3 A i M2 EHEE N 10 SkF, H 3 A 7E 30.33°C R K, 0
8.7k, 1 K T HAWIRE T 0y H ¥ 25 2 £ 5 98 F W 15 3k 20 3k (25 ki, H 274 &t 33°C IRk, 43l
H11.0 3k 13.0 3k (15.3 3k, B & T 21 M 24C PR HY T AR, F—EE T, ME ST RHENH R, Ea
K5 G/ H B 25k e 5 F s (ARG IEZ s N, S5 F RN 5 SR/, /N T HAW Y E% BT 1
H 3425k 5,25 SRR, il 33°C I, 75 285 Bk 25 Sk iy 25 2B 202 5 kI 3.56 £ (3R 1) .
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R1 TREBEETERRKES/MEXNGEHRENNAHTFEE

Table 1 Mean number of P. nigra parasitized daily by S. caerulea at different temperatures

ey B EIZRES IR E P. nigra density/ (Sk/1IL)
Temperature/C 5 10 15 20 25
21 2.3+0.3Ch 4.3+0.3Bc 6.3+0.9Ab 6.3+0.7Ac 6.7+0.3Ac
24 4.0£0.6Ba 6.3+0.7Ab 7.3+0.9Ab 8.3+0.3Abc 7.7+0.3Ac
27 4.3£0.3Ca 7.0£0.0Bb 8.3x1.2ABab 9.3+0.9Aahc 10.3+0.3Ab
30 4.3£0.3Ca 8.7+0.3Ba 9.0+0.6Bab 10.7+0.9ABab 12.3£0.9Ab
33 4.3£0.3Da 8.7+0.3Ca 11.0+1.0BCa 13.0+2.1ABa 15.3+1.2Aa
36 4.0£0.6Ca 6.7+0.7Bb 9.0+1.2ABab 10.0+1.0Aabe 11.0£0.0Ab

F PR AT I AR, FAT BRI AR RS 7 B RIS S 1R [R/NE 5 BER 7R TE 0.05 /K225 3%

2.1.2 84 Holling- I T RE fz b #H 7Y

¥4 Holling- T ASSRYHEAL Ol — ek I BE 6 N B Na 43 SIBUBIEGEEA T UA 4087 . 25 SRR . S5 RME
BIRTF 0.9676, 2 F KK XK 0.0058—0.2378 X< X7 o) = 7.81, F B BRIE A 5 WLI (B 550 A , DI A ] 5
FE 5 K /NS TR R BRS  9 T RE ST N 252 Holling- T RV JELE Sy 24°C BF 15 5 KI5 4 /1N R
B iR, Ry 1.2456 5 By 33°C i, JLAN SR (A1 dR J6T, 27 AR AR S 2 A BRI R, 4351124 0.0219 ,44.4201
45.73% s IRBE S 21°C I BRI B0 3 AR AL /), 4390 0.5529 ,9.2458 5 3 B2 5 24°C I, Ak S i) e £
4 0.0856 , 7 ERRER /N, S 11.7 Sk PRTT, RT0 33°C B, 4 €8 A< I 4 /0N 4 X A5 Rl B 0 It 19 2 2 B ) o
(£2),

R2 ATRIEETERKES/MEXSE BRI Y Holling- Il BUThAE 2 i S8 1t

Table 2 The Holling- II functional responses parameter of S. caerulea to P. nigra at different temperatures

N ! N 24 b
[t pOBLUINY AR
N g . " I/Th
T PURRR BT K% (a) 16 ( Th) A (a/Th) W (1/Th) , ,
Function response . Maximum R X
Temperature/ C . Instaneous Treatment Parasitic .
equation ttack rate time efficacy parasitizing/
attac S ) sfficacy (S/d)
21 Na=0.5529N/(1+0.0331N) 0.5529 0.0598 9.2458 16.7 0.9816 0.2378
24 Na=1.2456N/(1+0.1066N ) 1.2456 0.0856 14.5514 11.7 0.9748 0.1078
27 Na=1.2061N/(1+0.0770N) 1.2061 0.0638 18.9044 15.7 0.9982 0.0058
30 Na=1.0664N/(1+0.0478N) 1.0664 0.0434 24.5714 23.0 0.9676 0.2093
33 Na=0.9728N/(1+0.0213N) 0.9728 0.0219 44.4201 45.7 0.9935 0.0763
36 Na=0.9946N/ (1+0.0483N) 0.9946 0.0486 20.4650 20.6 0.9984 0.0218

Na ;. #3542 25 F%0 Number of host parasitized ; V ; 2 F BB Host density

2.1.3 44 Holling- AT RE [z iy # A4Y

K FH Holling- IR T RE S 3 J7 2% N AU B0 S Na BT B0 A, 5B . SHMA T RPES KT
0.9719, 2 KK % X* K 0.0307—0.1536 X>< X7, 5, = 7.81, F BAHISAE S04 A, U WIS [RTIGE T # 6
K E G /N XA B BR W 00y (0 D RE S RE A4 Holling- TN BURERY I o8 33°C i, F A bl K, o 19.2 3k, X 5
Holling- [l #4753 B AY45 R 33°C I35 Ak b BRIRA— 2, IR R 24°C I, SR8 BRIk, o 4.4 2k | 33°C I,
RAEF AR mE, 7.6 k(3R3),
2.1.4  AN[EREE T A 4/ INEEXTAR R BR 0 0 i) SRR

[ — BT, W (A R 4 /NI XA R BRI 1) PR SON Bif o 7 S  BE  BS R MR AR, 27 285 By 5 Sk
i, 25 ShEHRAR, FERl—2F RBE T, i ARG & /N1 TR0 22 18 52 i B . 78 21—33°C , Bl % TR
BT, LT 4R AN T T 1 T, 33 °C B ik B REL, B & 33°C , SR FRE(IE 1)
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£3 AEBETHEEKES/MEXREIZRE Y E Holling- 1B IH&E 2 B 58l it

Table 3 The Holling-1II functional responses parameters of S. caerulea to P. nigra at different temperatures

B Tiitie 5w 77 R (a') TAEF R (b)
T ml[x /C Function response Maximum Optimal search R? X?
mper: T

crperatie equation parasitizing/ (3k/d) density/ (k/1IL)

21 Na=9.3046e 679 ¥ 9.3 6.8 0.9824 0.0947

24 Na=9.7924¢ 447V 9.8 4.4 0.9754 0.0656

27 Na=12.1741e™3247/N 12.2 5.2 0.9913 0.0307

30 Na=14.8646¢ 01148V 14.9 6.1 0.9719 0.1536

33 Na=19.18394¢™ 75384V 19.2 7.6 0.9886 0.1301

36 Na=13.5706e 629N 13.6 6.3 0.9853 0.0388

2.2 AR ELFBBAM T O E /N xR R
TR WY 2T A T e

——21°C —8-24°C —=a-27°C

10 ¢ >30°C —%-33°C  —0-36°C
221 FERE W BONIE O JE 4 /N H X254 1 038
SR 06

AR ERETHBT, 7 B8 E—En, HIYHE
A DASR S U A (0 25 27 W 515 Sk,
=RhEFER BB P HF R ERARE ST E
W 10,2025 WF, AF A H B BOY RO CR i H
P R T B i H B . W% Bl FRRESATEEKESNEIRYESH TN
FRENET B EHE AR, EORE R g FF
Hﬁj%ﬁg%ﬁ{iﬁijt,{ﬂi rPEJZ{ﬁ{}ﬁ/J\,%EET{ 3 /l\k Fig.1 Relationship between search effect of S. caerulea and
H B R FE A 5 kIR H 94 BT T
25 Sk H B2 At R A R E B R L i A R 5 Sk A A AR 2R 25 SkIFRY
41.75% (% 4)

<
)

FHRIPL Search effect
(=)
=

10 15 20 25 30
382 Host density/ (3 /1)

(=}
(=]
W -

densities of host at different temperatures

R4 TRFEREMRTEEKES/MENGRRENNBHTES

Table 4 Mean number of P. nigra parasitized daily by S. caerulea at different host ages

AFEREIE RIS BE P. nigra density/ (Sk/1IL)

Host age 5 10 15 20 25
WIWIHR Adult of early instar 3.0+0.6Ba 3.7+0.9ABb 5.320.3ABa 5.7+0.9ABb 6.0£1.2Ab
8 a3 R Adult of brown instar 4.0+0.6Ba 6.3+0.7ABa 6.7£0.9Aa 7.0+1.0Aab 7.3+0.7Ab
AR Adult of black instar 4.3+0.3Ca 7.0+0.0Ba 8.3£1.2ABa 9.320.9Aa 10.3£0.3Aa

2.2.2 {4 Holling- 1 BRI L) RE Sz vy 45 4

¥4 Holling- I S RUFE ALk — o2ty B X N S Na 43 BIBUBIECIES T LA 400, 455320 S840 T RMA
PIRT 0.9212, 2RI X2 R 0.0058—0.0687 X2 < X*(0.05) = 7.81, & B P 5 WL {E Wy & , 1 B i (2,
K G/ N X AR ) % 7 I BAR B BR WS 9 T RE S V49 & Holling- T BUERY | 27 3 S48 (0 1 i L i, 5 (0 K
G /NI W N T o AR A K AT B R B G 3 i s i G Ak B [ e, A AR AR Bk, P B RR K, A A
0.0638 .18.9044 . 15.7 3k, Af E NA ] it | Hegis oo 2 de /N A BRI () 4 A AR AR B/ L A A L PR A
/N, 53R 10,9295 .0.1291,7.2002 7.7 Sk, PRITTT, T 157 32 A P 60 HH Al RS 0 €00 46 /0N B4 X AR R R s o 1)
AARETI TR (FES) .
2.2.3  #45 Holling- I Y Ty RE J57 1 A 1Y

K H Holling- M # D) B8 f i 5 FEXE N B E80 S Na AT LA, 45 R B SHA6 T RPEY KT
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0.8870, 2 KK 4 XK 0.0146—0.15360730 X* < X7 o5, = 7.81 , R WIFRIE (15 M (B 42 ) & , Ui B 5 (0K B 4
NI ) R B A B B Bk s i () T B S 4945 Holling- T URERY | 2 32 Sy SR (e ) il e 1 g R 27 A B ek,
122 3k ,iX 5 Holling- [l BIZE A —5, MO AN, Sl TR B RS, 8 5.2 k(3K 6),

£5 FRBFERENETEEKES/MEMREITRIEEHNE Holling- 11 BITHEE R iS55t

Table 5 The Holling- I functional responses parameters of S. caerulea to P. nigra at different host ages

) A LBR(1/Th)

RES R e BRI Bl R (o) ARBRINIE(Th)  AFAAKAE o/ Th

O 2 B Maxi
AELFHE Function response Instaneous Treatment Parasitic ax-n‘m-lm R? X2
Host age tion attack rate time efficacy parasitizing/

equal y (3k/d)
ML . Na=0.9295N/( 1+0.1200N) 0.9295 0.1291 7.2002 7.7 0.9212 0.0687
Adult of early instar
B EmD . Na=1.4112N/(1+0.1449N) 1.4112 0.1027 13.7410 9.7 0.9627 0.0430
Adult of brown instar
N
AEH Na=1.2061N/(1+0.0770N) 1.2061 0.0638 18.9044 15.7 0.9982 0.0058

Adult of black instar

xo6 EEKBES/NMNENTELEMWRISEIZRENE Holling- 2 I8 & M7 S # kit

Table 6 The Holling-1II functional responses parameters of S. caerulea to P. nigra at different host ages

HERENE TIRE R 7 8 R4 (a') HAEFHREEE (D)
;I ! Function response Maximum Optimal search R? X?
ost age
8 equation parasitizing/ ( 3k/d) density/ (k/1IL)

"R dult of early instar Na=6.8404e™™ N . . . .
WA Adult of early i 44146/ 6.8 4.4 0.8870 0.0730
i: dult of brown instar Na=8.6240e 374N . 7 9777 .
o  A H Adult of L 3.7340/N 8.6 3 0.9 0.0146

A~ ult of black instar Na=12.1741e™ N . . . .03
AR Adult of black i 3:2447/N 12.2 5.2 0.9913 0.0307

2.2.4 AR ERT B BT OIS G/ NE TR B BRI Y SR80

DR EXasl =N SONSGE S 0L LIS ;2 ~ B e B - R
Wi FHABE A LR ORI, Y7 2 5
B 5 SKIHROK, 25 ST RUD JER—HEHE T B 2 o \\
K5 &/ MET RO BER % £ R E R BRRT  F o2
WK, 7 B Ok i SR, g T o —— L —— L
AR SRR B/ (] 2) Z A% Host density/(3k/1IL)

23 ATHRE PEQKERNMEASHETHR g, roarp enpeurrecmess msas
EIE—/E‘JET,Eéﬁ@%/]\ﬁﬂ@¥i5§$§&% TEMER

AR FH PR B L B 2 BE AR B8 I T 1%, A PESE 0 W) Fig.2  Relationship between search effect of S. caerulea and

B, U e R () A7 FE RPN SE 4 RIAH B T3, XFR  densities of host at different host ages

) N (K /N 22 F B T 3 A 1R

R Hassell-Varley THAERI VA THI5, 75 AR TR 035 28 e 2 B TR] A AH OC R 8X R >0.8458 , R W IZ AR A BE

BT B 2z e 2 A B R N AR D) B R TP O, TR S e i (K A/ e 48 SR A R T A 21—

33°C B PN, B IR T, 38 5% O T30 8 B0k, 33°C iR B R AE, 43900 0.6116,0.7535, 2435 5 & T

33CHE, 8 FH BN TP H Fas/ (% 7) .

3 Fit5iTie

3.0 RTRELRE T i (0 /e Xo AR B A e e 1) A DT
DI SIS A RO 35t TS B ) — A B B 0 vk ) o Holling- IT 41 I AU ASS 70 7 2 A W6 11 25
A DIREPEAN TN Az X AR AT — 5 19 L AME T[] B SR FH 3 7 R A8 28 T LA B e 94 4 3R SR TBE0F
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HHREEEEE Y AT ANRNELEE T, W A 4/ N X AR R BRI ) 11 25 A= T RE SR AT Holling- 11
TR I AT 8 0 </ NI R A R BRI g ) Y 8 2 Bt 2 5 2 88 R RN oK, >4 37 R Ik ) —
R HH A EE TR, X SFEEZEN%E Anagrus nilaparvatae Pang et Wang IR N5 H9%E Microplitis
palidpes Szépligeti . H A6 /NG Anastatus japonicus Ashmead %527 A e 12500 REL A9 £ 2 RE 52 IR B 5%
M 1A 339C I A R 4 /I X G R BRI Y 1) 2 A SRR K, T 44,4201, HUOR 30°C \36°C , AR SLH SR
JH Holling- I R0 T VR AU £ H 9 68 €0 1< B/ NI ) 7 2 1 BRI AR 33°C IR K, 4033108 45.6 Sk Al 19.2 2%,
P AT FEH , Holling- I RYAE Y A28 SR AT 3 (I /N B SE PRy R 1 B0, I LASE B S T o, ml A TE %
2% Holling- Il BIBTHL LS R, BEAh W FE 22 500 25 AR W 1) SHHRAON 2 ARSI v | TRLRE R W (04 i 4 /) i
TR A R Al —8 R IR 33°C I i) - $R2800 i T HAM IR B B9 T 48800, i iF e R W B K E
G/NEAERGS I E T A BRI A A RE ), BT LIESEBR I rh ol L% R il B 50 0 0 B R (1 i
NEE EAT AR

®7 TREBETHERKBS/NMNEASTEENTIMRENARESHMIT

Table 7 Equations and estimated parameters of interferential effect S. caerulea density at different temperatures

i 1?@%%3 P) ?i’ﬁiﬁ M (E) %&ﬁ%ﬁ%f;( 1)) AR A i
Temperature/C b.' cuenflea Aveage pa{asmc Parasitic rate nF6n51ty of - In.l.erfercnce R
density/ (3k/1I) number/ (3k/d) scrambling competition effect mode

21 1 5.740.3a 0.1889 0.0000 £=0.1943p~02774 0.8458
2 5.3£0.6ab 0.1778 0.0588
3 4.020.4bc 0.1333 0.2941
4 3.8+0.5¢ 0.1250 0.3382
5 3.9£0.1bc 0.1311 0.3059

24 1 8.0+1.0a 0.2667 0.0000 E=0.2643p~0-343 0.9525
2 6.2+0.4b 0.2056 0.2292
3 5.2+0.2bc 0.1741 0.3472
4 5.3%0.2bc 0.1778 0.3333
5 4.420.1¢ 0.1467 0.4500

27 1 10.0£0.0a 0.3333 0.0000 E= 0.364p~0-4%0 0.8988
2 9.3+0.2a 0.3111 0.0667
3 6.3+0.2h 0.2111 0.3667
4 5.3+0.4¢ 0.1778 0.4667
5 4.9+0.1¢ 0.1644 0.5067

30 1 14.0£0.6a 0.4667 0.0000 E=0.49p~0-5%0 0.9796
2 10.70.6h 0.3556 0.2381
3 7.6+0.3¢ 0.2519 0.4603
4 6.4x0.1cd 0.2139 0.5417
5 5.540.1¢ 0.1822 0.6095

33 1 17.7¢1.2a 0.5889 0.0000 E=0.6116P7075% 0.9926
2 11.7+0.6h 0.3889 0.3396
3 8.0£0.2¢ 0.2667 0.5472
4 6.4+0.2¢d 0.2139 0.6368
5 5.3:0.1d 0.1778 0.6981

36 1 11.0£1.2a 0.3667 0.0000 E = 0.3946p 7037 0.8822
2 9.7+0.2abh 0.3222 0.1212
3 8.3+0.2bc 0.2778 0.2424
4 7.1£0.2¢d 0.2361 0.3561
5 5.540.1d 0.1844 0.4970
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32 A[RIAFERT B BT OIS G /NG AR B BRI 10 27 A= DI RE

WEHE(FAEY) BIIEE RN 32 B EY) (25 £) & B By B i 52, 491 40 358 2 B 9% Meteorus pulchricornis
Wesmael XJ AR HARHECR K Spodoptera litura Fabricius 4 MU 4% /2 AR IR 1 H0% Lysiphlebus testaceipes Cresson
AR 1) B 45 5% Aphis craccivora Koch B 37 A= DIHE N IR 23 2= 8 S B9 A 6] 52 21 B 8 5 Wi H AT, R
ZRCCHR AR I P A A [R) e 19 2 T2 0 A= D RE S, R ] Holling- [T BB HEAT #0045, AR 202K Al Holling- Il %!
BRI TG . AR Lk AR R A THLA, &3 Holling- 1T A1 Holling- Il B4 M) RE40L & W5 (4 G 4 /N i
XA ) 5 7 B BRI BRI 0 00 25 A= T RE S, LABRI B0t 20 5 A PRINFA) 2 LY o/ Th A APEAN SRR, 1 (G 4
NS AG R R IE A ) i 5 i B 1 S ) A RRCRE O+ R0 D R e > A €2 ) i > 0 S, A S SR
Holling- IT BYA I BUAS Y $01-5 H 940 6 €0 K <8 /)N ) 2 A IR 2 ) BB 60 30 B R N e R, 233310 R 15.7 3K AT 12.2
K, DB LE, JOBOR 22 5+ A RIFF G I KR G/ NERYSEPR AT AT B0 . BLAh, 25 T8 & B Bov 27 A= i -
FRASONL AT R e, W3 S I T e I R R B X 23 I R EUR Ik 4 R 4 RN B R TR 4 A g
FU AR ]2 T, A PR B O G/ INE TR ASUN  TA €0 1)  H RnA
HUF ) ROV, WS FR ITE (A B/ N R R A A R A A AR RE T, BT AR SR B R, )
L AR Mt G (0 30 22 R B i R O T AR B0 R (A /N, AT FH )4

3.3 AN T W OGN A B BT AN

WHFE R, V20 a7 HE e — 5 25 TA) N 22 B ) SRR ECRE A 89 i th B TR, ISk LS04 Cotesia
vestalis (Haliday) .4 M4 /N Anisopteromalus calandrae ( Howard ) £ [363T) ARG R W 6 K i 4 /N Ak
AP R TG e — @ A5 RN, 75 8 I, W5 A5 S /i [ B 9% 3 O LA A VR T R
/N, 53 PHESE S 0im BE BRI O, TR PR, A TR B 25 i P AA00 1) — > s 5 (] 1, B £
TR % Opius flavus Weng et Chen JEHT KAK B Macrocentrus cingulum Brischke 551 H B %8 B TR0 22 %Z
FIREE s 2 FEARST R i 21—33°C Y R A, BB TR T e, W60 K /NS R IR TR AR P R
33°C TR IR B R R, SRR & T 33°C I, P H0M TF 4G T R, 3 AT RE 2 il B2 o AR B i i 2 4 il i e
(O BRE 7)) DT AN AR o] DA E U N . PR IR, 2 R T 8 €0 RS 4 /N e (1 55 P 4 S5 0 i) 7 P, i
Pl 7 A M RN RO R, LA R T IR TR 2

4 #ig

YEE D 33°C I W R </ NS R BRI i DT A L, A B 0 A A SRR 5 K /NI A A
H A, 33°C UMl . P, AL RS (0 0 <G/ 2 T AR BB A T, B A 1 A e i 22 250
AbF PRSI R Ry 33°C e A I HEATRETAL [RI I A i e A M R 1 AR kS R IR 9%
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