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Abstract: The effects of constant high temperature (31°C) and alternating high-low temperature (31°C for 16 hours and
25°C for 8 hours) on reproduction and development of Wolbachia-infected Encarsia formosa were investigated in the
laboratory. When treated with constant high temperature, for the wasps, the reproduction ability decreased and the longevity
shortened ; for the offspring, the male ratio increased and adult emergence rate decreased. More than 45% males were
induced from the 1st generation and male percentage of 3rd generation reached 81% . These results indicated that the high
temperature was destructive to E. formosa population. Therefore, the environmental temperature should be paid attention
when the wasp was reproduced in factory or applied in field in order to avoid the loss caused by high temperature. The sex
ratio and the proportions of Wolbachia-infected female of offspring recovered to as those of wasp untreated once the high-
temperature-treated wasps were transferred to 25°C, whether they have been reared for 3 or 6 generations under 31°C.
These results suggested that Wolbachia could adapt to environmental changes. In the treatment of alternating temperature,
the percentage of male wasps (13% ) was low although they were induced from the 2™ generation, indicating that short high

temperature shocks could not influence the reproduction pattern of Wolbachia-infected E. formosa. Whereas, if short high
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temperature shocks were maintained for several days, the sex ratio of Wolbachia-infected E. formosa could be changed

significantly.

Key Words: Encarsia formosa; Wolbachia ; parthenogenesis; heat shock ; biological control

T4 /N ¥ ( Encarsia formosa ( Gahan) ) J& 3 H ( Hymenoptera ) , % /]» # £} ( Aphelinidae ) , & % %3 &\
( Bemisia tabaci( Gennadius ) ) F1¥5 2 F 4 B\ ( Trialeurodes vaporariorum( Westwood ) ) B E F A EXE, HETE
T 5590 Bl P RS A PR ) /I T DM 7 O B, 3 o e B R b AR A A TR R
B 5% EG A& ( Wolbachia ) 5129, 5 IR AT A AL BH AT DAGE IR /R B SR ER ARG , P it iR AR

TP /N 3 A 7 B A A P B 2 R B AT 5 R SR X by B T i, i S AR B B A b
AR A5 /)N B 114 A B A3 [ o o Tkt 2 X T M /N 6 P A B S0 A S5 A M s A 7 R SR S R T O
/NS T (6] o7 P 2o 72 v o 0 088 1 R A R, RO (B RS 276 30°C DL b, HRee2 H . BRI FR R iR o
7, AR RS2 H B4 0 e T ek X W /)N e A B R R B BRI, XS A /DN P A R RN A, PR IE S
FEFSCRBEAEER L,
1 #R5HEE
1.1 fh{d g

(1) Mk ECR B AU RS X BRSE H , Z5rF R BN B &Y, 766 5 T AR AR 2% B A= By o0 1R 25 9 &
(Lycospersicum esculensum Mill) ( FhFRIAHZAREL , FF1 TR T RAMPBLF BB SRR BT ) B BHRZE
BE(25 £1)°C,BFE#(L:D)16h:8h,RH 65% ~75% ,

(2) WA /NI i R, 1978 FE N EFIA L FEL R X C &I €5, HF KE R, =N AR E
(B A EFHZ . BEFRAFM5 R BAHIA
1.2 AR

PRI HLE MLR-350H A\ TS 546 ( HZA SANYO) H# 7 IR E N £ 1C, LK E 31 CHEEMEE
IRAZE (HK 31°C (16h) /(6] 25°C (8h) A2 ) Wi MR BEAL R, LA 25 CAEIREE IR X IR RH 70% ~75% , )t
JA#A(L:D) =16h:8h,
1.3 Aok
1.3.1 ik ECE R

LFMBEKZE 25em L4 B HFMBEIEM E 24 h 5 RBRBHR, BT HF IR IE (40 em x50 cm x 60
em) ARSEESR, R B R B H) 3 ~4 I BUF R, ZEAR AR 85 T SIBR AR Z A R AR E IR
BT .
1.3.2  Woif/NELETE O g PGSR AR RE S g

KA 60 Nk Bl B A B TR R SR I (B R IMERER 9 em, ¥R EA 1 ME
&4 em WEISL,BELL 120 HEZ M, LRI THES) , HARAL AR 5 BOIS AR G2, DUREEM 8875 . A5 400
UF /N B O RGBS B LR BRI , RN B TR IR B AR T 5 5. MR 24 h 4R 1 OB EE A (JE
M ES ) BRISHIET . T RMMH A B HKIEEFRILA OKEEREFRIMER 9 om, MLAMNIK, 5711
#=IEA 6 MERNK 1 em WESL, LA ECE B KM A, 7ESE IR LA AT AR A AR R BET ) |, 5 SR AE N 4k S 3%
Fro B 12 h WA 1 IR, B3R A4 RRAR ™ AE 107 AR 1 R A, FRK i 7 R B Bk R s SR L, R e )
fefE e TP M e F5 ACBSOR L e e ), TG ME U A A RS AU L . 403 30 IRE R, 31CHEIR
SRR T AR, A BIEUE 3 RIS 6 R T ist A 25°C B IR &/ F HES 3 3 18 AR B 4L 3 55 4
o TG /DN ) A 5 ) P SR 0 7 A F SRR BOR R s o WHE RS 06 5 i Ay fE e DA 1) Ak B B8 T i 2 17 R B [
HEVE LG Pk H R e 5 Pk e e S B, DRI DA A B 7 B T G R4, T DA i IR BE T e SR 5 —
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HEAR YRR LR, UL FO IR, A
1.3.3  WisF/INER T TR

F1 R PLG , B BERE R 5 ST A 20 4> 3 ~4 I A B A i B 1R 09, 2h
JE R R BTN R A N SR, S 12h SR 1 R, B R4 A BRI AR, 10 5 BRI AR B
6], SRS . AICSBIC TRIBEM i EALE , AR R4k Se s 57, B3 B PIL , 10 5% i
PILEa], THE M NER R E . LABUEEE AR BT RIVE = Rt a] . BB ER 3 ~5 IR, BT A B
AR EAA NI NERRE o
1.3.4 R/RETCRAR TR

A /1N . DNA R EL . BB RS jy ek . BUA R sh B T4 20 mL fRZ4A% % (50 mmol/L Tris-
HCI(pH 8.0),20 mmol/L NaCl,1 mmol/L EDTA,1% SDS) f&t & E 78 0FEE S B S KB A 1.5 mL
FIELOES, A 1 pL ZHE K(20 mg/mL) , 7E5MRE¥5, BT 60C TF/KHE 3 h, FigiEl 1 pl EHEF K,
B JE i 78 wL EZE/K,100°C KA 5 min, fill 200 wL Fi& I To/K S8, VK 2 h, A 12000 r/min 5.0 20 min,
B 5 8] 2% L VE W, DNA JTHEAE IR T BT, i 20 wL ZZ Py (pHS. 0) 4 CLRFEAF PCR,

wsp FEA ) PCR ¥4 K A kK - wsp JE[R 9 PCR 34 B 18 Zhou 257 5 ¥k o 76 20 wL [ B 1A R H ik
17,9 885198 wsp81F( 5'-TGG TCC AAT AAG TGA TGA AGA AAC) ,wsp691R( 5'-AAA AAT TAA ACG CTA
CTC CA) , RMIEZR NtEHk DNA 1.5 wL,20 pmol/L 1E M5 FIZ M5 ¥4 0.5 wL, dNTP(2.5 mmol/L) 2
pL,10 x ZZ ik 2 wL,25 mmol/L MgCl, 2uL,2. 5UTaq f§ 0.4 wL, LB F/KMZE 20 uL, PCR ¥ #EF N
94°C ,1 min;55 °C,1 min;72 °C,1 min; 3k 35 PMER, P RN HR )G R PCR 33 r7=Y)4E 1% KB IBEEE R
HATHIK (B 120V, Ik MR R 0.5 x TBE) , FA kB & T H1 0. 5 x TBE 2% w75 B 2000 1% i) EB L €5,
25 min, BN ATLPRN . B DNA B RER 3 K.
1.4 HdEabs

FH Two-way ANOVA F6:I A [R] 305 55 b 38 K VE P Bsf (] (AR ) X 1 857 /0N AR 5 g 5 P AR A AR 5
REAE o XA BE AL BN /)N 1 2 5 D 3 5 TRl — IR BE A 2 A AR TR AR B A [ iR B A A ) A e i /2
et A A ) R PSS MR 4 A T R R 5 2 400, LSD it =R BEMR R . U EBEES
Pri&R FGe 4k SPSS1S. 0 #47 .
2 ZBR55%H
2.1 R AN AT T PR R AR B R R B T AR BRI R O A 5

I AF /N6 F A B 3 R I AR ) E S [RTIRBE AL B AR [RIHEAR 2 (R ERAE A B 25 5% YR B AR % i
JINBEE f HE B ) R JE AR LB AR TE B IS EAE R s I /N F M PL R EARRIRE R ER EE R,
AR 2 RARE (R 1), BORX T/ NER R HEARE o PR S T R R I 25047 o

F1 MW MNEEEN FH PUERERENGAERTEINER
Table 1 Factorial ANOVA of affecting the fecundity, longevity, emergence rate and male proportion of E. formosa in the temperature test

A5 T F i P Ja AR L
AR SRR daf Fecundity Longevity Emergence rate Male proportion
Source of variation
F P F P F P F P
14X, Generation 3 3.398 0.019 0.245 0. 865 0.427 0.734 45.381 <0.01
1R Temperature 2 38.944  <0.01 58.812 <0.01 14.851 <0.01 160.277 <0.01
4R x JE#E Generation x Temperature 6 2.569 0.021 0.694 0.654 0.651 0.690 25.761 <0.01

Error 181

TE 31CAEIR AR T ISR IR, WA/ NI HE B8 T PGSR IEAR A i 46 4, &% A5 Xk AR EL 24k B (B
KK B Z 227 A B 7EE K 31°C, & A 25 CARIR AR MF T 5557 , Wi /N e i A2 38 ) M 4 5 31°CHE
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IR A F S IR AT BF /) e B A R R AE (e 3 (EORAE AR IR AR AF T, FO AL B ) R A W BE /D, S AL T
[l — 7K, FLAR LA 0 5F /N A R KR BE T [, SX IR Z B 2257 g o AZIRARF T Wi /N 1) P14
RGN FRAR EL A BT R , (B R RR BE /N TR RIS IR , 2o b FO RS X IR AL T Al — /K, e & AR5 3 R A
¥ EREER (B 1),

BT BT20CK

—_
(=3
S

© > 20 -

Eor 3 s

£ 25t :

g g 60F a(a) a(a) a(a) b(@) a(a) S 10 a ¢ 2
BE a0l o g oo b b b b b b
g a0 ® b@ )| [P @p@| | b@be) % s
o) b=
0 £ 0
FO F1 F2 F3 FO Fl1 F2 F3
4% Generation 1#4% Generation
10 a(a) 12 -

5 08l a(ab) g 1oL a 8 b2 poab @ a
22 06 a(b) s s 0810 b b b
# S b(a) S 206
BTN 04 = Eo :

S 02} b(b) 2 04

= o a(c) a(c) a(a) b(c) b(a) c(a) c(a) = 0'(2)

FO F1 F2 F3 FO F1 F2 F3
4% Generation 1#4% Generation

B T e R A /N A B T3 i AR B A3 IR
Fig. 1 Effects of high temperature on fecundity, longevity, sex ratio and emergence rate of E. formosa
T1: 31°CHEE;T2: HR31C/K[E 25CAR A FERRF— AR FEREA TR 257 B2, 75 AR R F 8RR R — R E T AR
AR B2 (LSD ¥,P < 0.05) T1: Constant high temperature; T2 : Alternating temperature. Different letters indicate significant differences

between different treatment, different letters in parentheses indicate significant differences between different generation (protected LSD,P < 0.05)

£ 31CHER 3G FR , I /NN F1ARTFF GG 7= AR SE AR, 5 BV LB 47 % |, F2 ARHEE S AR
Bl 353 81. 4% ,F3 REEVEE R LLBIA BT TR TRE . 7831 CHEIRAM FESREFR3 6 REA
25C1EF% , IF /N 1 F5 AR L BRI, FRAR DR 2 B 5 IR AL B AT 7K 5 78 25°C 254 T B 5% T 5 /N e
IRIR B 5 ER ARG 2Ry 100% , [ 2 55 T ALk 380 0 48 0 ey 7 /) g e 4 o TR /R B2 B ER AR )RR B W
K, 72 31°CHEIR AR T i 8esE 5% 3 AR 6 fRFE A 25°C 5%, WWF /)N i PR 1 TR R B o AR UER L R UK &R
FIENRAL AT A KF (3R 2) o 7E 0N WF /DN A Ja AR 1R P o A 0 819K /R B e E A JR e, fHLJR e AR (IR
T10%),

FEER 31°C, & (8] 25°C (AR IR AR T IEE /Mg A F2 ARFF 4R 7= A ek 5 AR, (EAEPE S AR BT o B 20, A
3 12.8% ,F3 VRS AR EL A Frt i, i85 35.83% . T RRSEARE (R 1) o
2.4 R[R)R AL FE R A /N 1) B T

3 A, ERAGT , i /NEE A SR E P & B D55 % AR H B B4R 48 (F =15.202, df =2, P<
0.01) , HFF = IRALIE I ZF A BE . HEIRF T 0 /N OP B4 i & T DK TR, H 31C
TEIRAR T Wi /N A BR J 8 S0 BT 22 e ) B 4K, 24 (9. 62 £0.24) d, S5XFHR((8.83 £0.19) d) MHE 2
REBE(F=3.302, df=2, P<0.01),
3 itig

TR B W i /N R B B B R AN E T R SIRAE T, W /N A 58 0 R PGSR EEAR
SREIPIAL I K B T M R e 75 A, X SR BRI S R A — B (B AR R
U [ BE 2% 14 T T i /N () A B ) 2 (B T B 3 25 5, ELIRG 75 31 i AR 38 0 AR A B R F A IR TG B 1%
SEOR X R RE 5 A/ N R RS B [ AE 9 B SR I SR % . R T INE/NE I AE M R AE S ENSE A
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KERBFFRIE > (E R 53 2 56 B K 2
TEAR IR AR AF T IRIUN , AR 7E B SE Fr 2wl (31°C
fEIE ) Yo T 5% /NS F B[R] SR AR 0L R 2R 2 R B
TR BEAR AL, BFIE T o 2 RS R X T A /0 e 4 A B
R BRI , B8 HI SEBRAR O, AT g e FH 18] 7 i 32
R KSR

I A58 /) B A 7 O F) A 7 5 20l HL A Py 3 A
IR /R B TS GRS #21,30°C DL b iR Pk R Aab 3
AB s B AR AT LA BOR R B 5 R B, B 2
SRR, FBRE AR )RR MR R
B 7 G Ak ) 485 BE e A1 B — e AR BE I, F AL PCR )
s T v R T 0 2 S Ak P A TR OR B S AT
PRI ST LA 3 9K /K L B G A Je e SO Al IR /R 2
o RRARTERS R RSO B, 72 25°C
ZEMF T A /N0 A AR D M, TR R BB 3 ER
RGO H ARIA ] 100% , 78 31CAEIR A& MF T 3R,
T AF /N FL AT o 7= AR AR 54X, ELMER: LUl 7E
45% VA L, F2 AUHEVE HL ) 2 B i i 8L, SR V5 B T
F#aThaE 78 31 CEIR T ELeisr 3 ek 6 fUEF
A 25CHEFR T F /N o A EL B B e PR A R R

R2 SICHERBEX T/ E 1R i % 00 B o F ) i i i R
RRR B REFERFR KA (Mean £ SE)

Table 2  Effects of constant high temperature on sex ratio of E.
formosa and proportion of females infected by Wolbachia
(determined by PCR)

NS
e Eﬁmﬁztt@ J@QE%%‘(NO- )
Genesation Male proportion Proportion of
of offspring Wolbachia-
infected females
CK Oc 1.00(20)
FO Oc 93.75(16)
F1 45.94 £5.93b 83.33(28)
F2 81.43 +6.24a 69.23(26)
F3 68.88 £8.99ab 70.59(17)
F6 52.32 +8.90b 41.18(22)
31C(3) ~25C FO 6.23 +0.48ab 88.24(17)
F1 9.11 £0.79a 93.75(16)
F2 8.00 +0.70a 96.17(17)
31°C(6) ~25°C FO 6.25 +1.08ab 75.00(16)
F1 8.50 +0. 66a 93.75(16)
F2 7.50 +1.04ab 1.00(15)

FHR— I AR TR B M 22 5 B 2% (LSD ¥, P <0.05)

Different letters in the same column indicate significant differences

(protected LSD,P <0.05)

/R B PR A RE S R R IR S IRAL BT 9 74CF o BEITTRIR B 5 RO SR8 22 o — A~ B g 1 A
BRI . ERFEE R IR AR T IR /R BT RARTE AR RN TG R 2, (HARER ST 2 K BR, — B3R5

FFEERR B RARRTEEESRE

®3 TEBELEBWHFHILRE FHH(Mean £ SE)
Table 3 Effect of temperature on development of E. formosa

i3 -4
Treatments From egg to prepupal
31°C #5411 Constant high temperature 9.62 +0.24a
A8 Alternating temperature 9.36 £0.31ab
CK 8.83 +0.19b

- Pk 5i-Pfk
From prepupal to adult From egg to adult
4.07 0. 14b 13.69 +0.26b
3.64 +£0.20b 13.00 +0.30b
6.40 £0.17a 15.23 £0.29a

BT T T R X R IR IR B T R R T s AR R B HEAT 6h 119 32,35 1 38°C B K R IR
7, R IUAL P I Fe -0 359 g EVE | R DL e , A DAy S v TR o S 2 X A8 T e ot R e T 7= 0 o R A P PR IR UK
B B ARG e 7o A 4 A VR R T o AR R B A . B PR % B A2 O S A s 6 Hi o1 R 6 A 349
G357 6h 35 . 40°C =R vhit AL T , B N e i R (2 TN R, TR MR S A 22 7 6h 35°C i vy b 3, 2R
PR 3 BTG B2 5 X AT RE f Go it 5 ik SR IR 25 I B, HAE EE & Fgk 4 ig 4t kxd
¥rée% 0 E R BE AT . ARG 31CIER &M T , I/ FLARTT 44 7= A4, B
PEELBIR B 45% DA_b 5 FE AR 31°C R JE] 25°C 53 IR B VE T, T 0 /DN 0 i 9 AR 7= A 1) J R 43 O
M, WS =ARTF o H BB R A A B EL By 12.7 % , 156 B 4 30 1 R b o AR BB 00 46 R R B 5 ER AR B 0 1, %o T
g /N B R A (R R S R RS 2 H a4 BBUWE R, MIRR B ST AR SR 250 1 , DT 5% M

WF /)i JE AR o

I A58 /) 86 7 B9 39145 M Qe 7 i L — B0, M 06 7 i 40 0 SR 2 B B A R R AR B9 R
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4, ) T 45 7 e ) 3 A S BT 4 E 0 L 01 PR 0K SO/ T BB 7™ B 2 A 9y /NS 5, R O R e
iy SRR T AF /N o TR -4 T B T, [Tk 42 PR 3Rt i — 2 R e 8 W 0/ e PO R R B 285, e IR /) e
R B ITE S RE T o R X AT BB A /N R I e O 2 A S, A ) — DB R

BN T /N AT BRI 2 A R A A4 o P T B AR (B 7 T A /e g A 7 A g
2 o2 BN S TE 2 TN R BRI , WU 45F /N 34 o o A0 2 1 5 SR RO BE 7, TR G o i 45 /) e R AT R ALARR
H 70 B T8 L PR AN, — R T T S R LB A 1, AR B e A AP R
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