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K AL AN /N Eretmocerus hayati Zolnerowich and Rose 17 0 5i& SR E M, SR EH . #HH TYLCV K
TR B BEWIN, MR BHER 1.8 5, 8 REMAE/NEE TR A B £ E
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Effects of begomovirus infection of tomato plants on leaf trichome density
and foraging performance and fitness of Eretmocerus hayati
( Hymenoptera: Aphelinidae ), a parasitoid of the whitefly, Bemisia

tabaci ( Hemiptera: Aleyrodidae)
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Abstract; Plant viruses can induce changes in plant morphology and physiology, which may affect the
performance of the insect vectors and parasitoids. However, the impact of plant viruses has been rarely
considered in the research of this type of plant-vector-parasitoid interactions. In this study, we tested and
analyzed the effects of the begomovirus, tomato yellow leaf curl virus (TYLCV), on the leaf trichome
density of tomato and the foraging performance and fitness of the whitefly parasitoid, Eretmocerus hayati
Zolnerowich and Rose. Our results showed that viral infection of tomato led to a significant increase of
leaf trichome density, which in virus-infected plants was 1.8 times as high as that in uninfected plants.
The host handling time and patch residence time of the parasitoid on virus-infected plants were 2- and
1.5-fold as high as that on uninfected plants, respectively. However, the parasitism rates, emergence
rates and developmental durations of the parasitoid on infected and uninfected plants were similar. This is
the first report of begomovirus-induced increase of plant leaf trichomes and its effects on a parasitoid, and
it provides new data for understanding the interactions between plants, begomoviruses, whiteflies and
parasitoids.
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JH 453 B, Bemisia tabaci ( Gennadius) J& T3 H
BMEF, el R 31 NN ETCE X 7 i B
H R 2 & 14K (De Barro et al., 2011; Liu et al.,
2012; X4R SR A X A, 2012) , H ) Middle
East-Asia Minor 1 ( MEAM1 ) FiI Mediterranean( MED)
P Bl (JE5e 2 3R B il Q 9 R)) B AR
FNLIRENMEZFMMIX, B L /EE3E. ML
AP EEF R, REAEEEM) %X
¥ (Brown et al., 1995; Oliveira et al., 2001 ; X4
&£ 2005; Liu et al., 2007 ; De Barro et al., 2011),
Tk BB B3 EEW AL, &) %4 2 F Y ik
B, TR AW F (Fauquet and Stanley,
2005), H, FIMEAM MY IHRE (tomato yellow
leaf curl virus, TYLCV) {58 i 0¥ BEHE , 7E 2005
FRARERTEEL. BRI, &
R R E R (A4S, 20065 HEEME,
2007 ; Mugiira et al., 2008) , ZJ5, WAERET|
HFERRERE S E RS, &RREZANE 6
FARLTE , B0, 2009 4EF 5 Bk i R R
FERERFE 300 ZTHE, BEERETFHRARBEH
+ 1426 AN B M (http://www. ampen. com/news/
detail/57365. asp) , ILEERI K EBEGERY], A
R BB AT, 745G — Bt [T 2
IR EFAEY A7 BT AR B E KR F A .

XF T A ARy BB H I A% XA o 20 R B
HETLME#Ba ik £, B2, FrEa30aHH
3 BB AR B AR A i A 2 b P A A P B B IR
AP RTEEE N 2 R R IR EL, R
MR BAF AR R EOR, B IRE AN
Eretmocerus hayati Zolnerowich and Rose 2 i ¥ %
RH—Fh & —FAE MM RN EZT 48, ZRED
FHOAY ORI, EELE 20 HE 900 FRIIAFHT
BivE MEAM1 4R ¥ &L 3 3545 5 3 ( Zolnerowich and
Rose, 1998) , 2004 43 K FI W A\ 36 [ 5| 37 12 3 By
V& MEAM1 4 # &\t 3k 15 5, 3 ( De Barro and
Coombs, 2009) , 2008 iz Mgk 5| A EH I+ I &
THERTBFE TAE (BRZORAE, 2010; EMSE, 20115
Yang and Wan, 2011 ; #8545, 2012),

BREFEHEY B E-KBZE =EFRRAMHE
KRB B 1 LIEIRIE (Inbar and Gerling, 2008) , T
ke, B B B A B DU e - A EAE ) = R
R R — MR (GRZERRXIR A, 2010),
MAEDFHEZER, HY-RETE-ENMRBR=TXR
BZBRBHERWH LY, FFSREMEEEH. BT

WY COR TR GG W H SBEAR M FrHih  9848 &%
ARG SFAEAR T e i R T e, T 3R
THAFE (R R R M BB %) S A A SR
& #9474 (Inbar and Gerling, 2008) , T HAERR#%R
BRI J5 2 X M A B 38 A 1R R — B B e
(ZRZEPRIXIR AL, 2010) , B, HEP1RRYe XUAE J
B /5 F] BB X M A AT AR 0 ) 8 T4 R (foraging
behavior) FLE & 1 7= 4 B s BRI, BT
A B AT R AR B R e A AR I R B L R
FRPEEI R, RUAEAT A S F IR IR M3 A
TETSONL P Hh 4P 2 B B W ( Wajnberg et al., 2008; X1
IR, 2009) , ABEFE AT A AR, A
Y TYLCV Wi J5 M B % B A8k, FREY
JRREE X MR B AT AR P RO 2L A /N 48 ST
Jo. AR P FHER, PURRFEEK
B RENE, FRERT B % M X A A
HWIITHOIERRR, DL T gAY 35 A BV
A AT AR AR A R R e, AR I IR A
UF /N 7 Y AR A T 42 o LA B ) K AR SRR
5 S

1 #MREFE

1.1 ##
1.1.1 A5 E 8. Wk E MEAMI &P T 2008 4
K B WILIRM X HIEVEY, % N AR IE D 37 F 4%
SR, FESmESR 3 TR LUORIE R 26
B R maT A CES A5 60 R, A
HREH 24 150 SR BV SR IR RN EE . 1 ER2E A 0
/NBET 2008 4 H Hp AR OL R A B AE A AR 4 B 5 B
g1, UIARAE AR 3% i) MEAML ik &\ 37 484K
T3, LALEBRE UM AE 25 £ 1°C, RH 60% ~
80% , 14L: 10D Zxf4 T (5% B 2 1R 3%
1.1.2 Y. Fih Solanum lycopersicum, §Ff
HEfE 903, FALE A B (K BHRE
S ANUERE S 11 RRRILIR ) MAE T ER
120 mm ¥RLEH, FEFHIRE N BRI LRITT
HERKBE
1.1.3  fEpiae. 2 h 28 ol s 28 (TYLCV) i
KA R PAR T RE LR F AW AR RS
VLT A I IR AL
1.2 HFimHESERIIRE

LEMYEERKED] 3 ~4 FEMN, FIH—
YRV S A5 B R VRO S B B A AR 1) ZE AR A
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W AR, BHRAEHRAER 0. 2 mL, 315 TYLCV
AR, 15 d FR.OMZES I WEKSE
PCR &M, B EEfa & M. [FImvERH R ECE 1
REFEFAFERIE R XS IR, A SCh PR R T il
1.3 EHEEHNES

B 34— B0 I f R 78 Al A0 B 2 A &% 10 Ak,
BT 26+1C, RH65%+5% , YtJE 8] 14L: 10D 1
ANLABRENEESR, B RBUERE A R &
—k, EHEHRPEH N3 R, B A ge—
ANt B BHR 3 em, HRYEEGEE S (2005) Bk ],
TJem-FErh A 10 X5 A BUSCR . AR BB 12
h JFHERTE R E, REFT=0R R B 3 2 i3
#Ho
1.4 BRRBGNMNEPES

SCIGRG I RRE A A AR IR AR AR R R BR E
PR B A7 A e U R A B — A T o 3R
BN (M 60 cm x 60 cm x 60 cm), R B &
R F PR/ N R T 5IABITETE B H, FK
A—BER 15% B EKIEAR, B Pl & ER
— ISR RIS B F5, Hi9R 24 h GE R
) e P Tt
1.5 MHEZEHNE

TEBEAE MR R/IVHE (DA A f R 25 30 A0l B 1 4% 3
PR, EHRBUE R A AR /MR 2 B,
Bg— I 35 BB v ) B 2 fk B = kw8 32
HRE] LB A — b3t 3 AR A, W R B AR 4
mm [FJ[H, EBORNSE, AERRESTHEL b,
ARG TERREEE T LI I 1T oMLl s N B4
1.6 FHEERITARBUMKEHANE

FRIETTRET A 20 ~ 30 Sk B LAY 2 A
FOEWRBTT, PRI e A e ORI, A
FIEEE T & TN, TEMFFIE T 2 El
HHEH , FaEke R R E R E 2 #8810 3%,
[F] i FEAR_EHIVEXT L EIE, FRic i Sk s AR X
g, DMET B R F AN ME R E
ARaERE, ZRIGERHABRERZE, #HF
A 10 AR B B B A R B E SOh 3 A T
BN EF F P (host patch) o K5 B3k 5| A B 27 £
Wb, EEMET BEEWLE, H OBSERVER {4
(7 2= Noldus AR A7) 10k AR @Y T . LR . 2F
A REFBTE ST N R & AT A TR S BT ], A
PR, R A e S E R EIRTTRY [ C /R 3 4
ZZHf[E] (host searching time) , fE&F 4 . BUEH F K&
HCTB] PR OR SRR T B e S B B SO AR A 32 AL 1]

(host handling time ) , 4 2F A4 KB M H B & TEF)
MR IE T RS2 3 min DL BB AR AL, QR A
EEATEM r E AR HR A PN A A, oW
BHARIC TSR, FEG i iras HEBR . SEIRE
25 +1°C, RH 60% ~ 80% Rz N k4T, /K 10:00 -
15:00 Z [A]Heie WA, 4 R M A BT B P ) ik o
WREHRMT  (FER) T 5, W HIF IS,
AT B 168 B 1] 94 56 J % 7 A AT SR e . AR
B A e A 3 B 5 B B} ] ( patch residence time ) FAS
[Al, FEARUEMRAVERERAT &A1 EE TN
W, BRISEMEE2 ~4 KFEEEIITH, AR
IR T 18 d, BRMEL RN A FIE T
BHEOE B I 6 & N R B SR ITE 26 £ 1°C,
RH 65%+5% , Y J&H 14L: 10D f A TS 54 P9 4k
SR, MIBTFERMBMEFRR. 8 df5E24 h
KA IFIC R T ERNFEEN L EMPLER, &
IR &2 P A A AR e A PR BRI 3 (1)
B FAERD , DRI R E B UM & T i,
ST A A KK BRI,
1.7 HiEsE

FIHI STATISTICA Zp Ak, 445G (¥ o34
(gamma distribution ) [} A7 4= 4 2 3= R 45 B B[] Y )
LR MEAEAY ( generalized linear model ) , DL} %00 %
FEBL (link function ) HEAT HLAL 3BT, X g FRE 26 A
MR Al A AR A AR PR FA
FOPMEE KB R fr B T AR A B A
HEHAT ¢ K50, Hha 208838 R IERF TR
G I R —mtFr b 3 AU R T - 2
M2 5 B2 M BB 7 J7 2 20 it (ANOVA) 347
HeAL o

2 HBRE5HH

2.1 BRENSHEENMHEEEER
[Al—mM A A 3 WIS Z 8] B B
200 (@ FET i « F2,15 =0.82, P=0.46; WHEE
il : F,,s=0.43, P=0. 66), AL, F—rFHE3
AR BRI B E — B AT T . R A AE
FREAR N B 2 B 5 B 0] O 48. 7 1 26. 9 AR/
mm’, HHEFMM EEERBERR, HNEREN
B 1.8 (1),
2.2 FHEEBEREITAUE
W A7 A e R B RA T IR RN A A T R 5
BRja, TEMERRA AN AF B LR A R AT N
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Fig. 1 Leaf trichome density of the uninfected and

Virus-infected plants

virus-infected tomato plants

BB I + bR A ERR FRRR EFIRBE (P <
0.001, ¢t ¥: %), Data in the figure are represented as mean + SE.
Different letters above bars indicate extremely significant difference at the

0.001 level (t-test).

SRR 16 NEMER . 24 IR A /NS
ABIMF b, 2803 4 s BT R R, —e
F1—32 FR Al T 3R T . 4RI B KRR B H
B, B AR e PR 48 A7 BN £ Bt B A Tk 3 IR AT i
FRfofa T3 3, SERE MM A A B T A
BRER, EHET 2 ~3 NRESG I IRE AT
BATA A o AR B R, AR AR DR A A
B B R R M 22 8], A AR ]
WS B 25077 A e X B I 4, HEBRAT, L ER
T bR RSN , I R ORER B E A 2
“Eh SR, BREMERT, A48 SRR
VKRR B AR BE B, ARG DR IR & £k
W, Wi E 3 ~4 W TER—IRF AT
S RIFE A SCHR s SO DA A e P il T 27 2
FF G E B A A R P IR S B R B A
YR, FAERETERRFESIER, KESTE
A EMHER RS A2, RGBT A . A
Ja g

WG, W R A NEER A EE DA
AEIG R, BRI R R A L33k
A A4 IR B STFAE—-R(ET 4 M
6 NEREP), i sHFENENE 4 a5 R
7.5% 1 10.0% , BT AFEWGIAT, HFEE
AR B LA A AENS, Fik,
X AR AE MR T AR E R A A AT
A st (8] S S35 7 A Sk BT T i RV B Y LS HE Y, L

G EHNAE IR WP R E
SRR B B U BRI, AE 16 NE A P
FEFE AT R A _E AR 3 Sk BBURCR (7R
FIANEEH), Frdi B AR 2%,

PO AT AR S B B A AR A Al A B
EB R ], AF A ETERTE 145 B DR R E A
L5, BERTEE(GRLD) . HpaEgEils
A LA Ak A A AR (KT
HAEGERR T A _ BRI E], 7En R i A B #F &
KB 2 R E AT B2, ERE
%, B FHRNE R A 62570 B E
(K1), FEFEAET I, 7488 LA A E
TEPIREAMM FBAEREZSR, M LK
it 6] 22 K T HAE MR AR AR _E AR, e
TR A L P37 A — Sk AR B T T [
TR A ERSR, HERARE, &
—AF BB AR B A PR AR R R UL R
(K1), TEFHHEMM T LA AR AR —k % 2
JrI I8 24 S LA A e 7 i - B e ) 9 2. 3 4%
EZREBE(RLD) . NFEBETFERANKE IR
GrHT, FAZEIE] A (4 600 s ) 77 A 77 B 2 il
AR B BOR: LU AR R Al i A R AR, (H
BERFRBBEKF(ELD,

2.3 BEEEMEMAFEEERZEHZM

e A WF /N AP A 3R A 1 3 T A A B
HAiEI R EZR (K 2) o PR MR A
TR A AR AR A _E AR B S R
PHEH R TR 5 2.1 £0.4 F1 1.9 £0.4
3k, ZRARE(P=0.76) . ININEISIERIK T T
TEPIE T AR T B 2257 (P =0.35) (& 3) .

3 g

AU ER KW, Falikd TYLCY RH 5
TR A A 3 A 77 SRR B I ) S S G, o
A A S X ARy T ) A 1 S o, TR 4
RFEZHNARE (KD . B, Bl FEHE
i B R E R TR (B 1) . e AL
WA HEAT O B LA , BRI 2 A PR B i1
FAT AN S AR TR B R A SE T A
REFMER R ER —E MK R, BINEREF K
B, A A S Y A B 7Y S R B S8 AT WA £ B
W e, R A Al AR A, 7RIS AE R
M EEA AT HR, B A
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Fig. 2 Emergence rate of Eretmocerus hayati on Bemisia tabaci

HrBER Al

Virus-infected plants

reared on the uninfected and virus-infected tomato plants
B BRI + iR R A LR FREREFABE (P>
0.05, ¢ K5 ) ; & 3 [F], Data in the figure are represented as mean
SE. The same letters above bars indicate no significant difference at the

0.05 level (¢-test). The same for Fig. 3.
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Fig. 3 Developmental duration from egg to adult of

HFRE

Virus-infected plants

Eretmocerus hayati on Bemisia tabaci reared on

the uninfected and virus-infected tomato plants

eI RN GERMEMMAB . Hik, Filie)eEm
B BE A N 5 A7 e T BLAE S S B R AL
A, T AT P B e, B R R
B, MBI T T A A M A B
7, XA AR A7 R b A8 2R i [E] i A 5
(1), WA, REKEBI P EFERE /D
FOTIESEY, H i T 85 Bl A KA 2248, i

BB M T ZETT R e Iy A /N TR R R A
b, A SR B R R B MR, XRETH
FHEMM A EFEBERE, BTLIX AT RER A A
e M i B AR BB E T 2 TR E A b
B B — R (R 1) o FFAERERCR S LR
BT (] AR 225 B3, (HAE 160 S M El b H
A3 SR, HPT L ERR, B, F4Egt
BB BT [B] 53 fn By 2 2 2 AL BAT O (A A
WES) REERANER, AEE-FRETHIESR
B[] B R AN TR, RO R R R E A
B IA] A , E R SR B[R] P 7 A JER L %L
BHAT TR, AR RERAN LA TR R
THEIEH & LW IR, ZRREBEKF
(£ 1), X—AATREAMTEEM B bRy BV B =
AX.

Vi 2L AR 0 /N 43 530 LA B 2 i 5 A R Al
F bR B A e, AR P Pk
RREIMBY LR EESR, XEIRE F RS
TYLCV o 77 A= 8 i) A= BRI B PR 7 A 3 30
2/3, K1), HTEMELELET TYLCV JHHEKNH
A B RGE R R N RESR R, M B ET R
SRR L EAFHELREEZEZR (Lv e d.,
2009) , AR 3 A A B bR A A LR
5 Liu 55 (2009) FyAHIE], B, 48R KA,
FAH RN TFEENERZF O REL W, FE
AR LM EE WS EF % (2011) HF5E
GERBA—F,

HY-RE-ENRR=FXANFRKE, H
FERFSE = J5 K R [RI 2% 5% =B SRR E T &
HIFEY) - B - B - R B 7 R R R B,
H ETAIBE 5T 32 2 A B AH 56 (Jeger et al., 2012),
TEAEY) -0 L -FF AR BER RGEH, 433 LA
H-KFE W& BIE W # (barley yellow dwarf
luteovirus ) -3 K& W Sitobion avenae F 3 B -Fo 75 1
s B (turnip yellows virus )-Th 58 B K & Wf
Macrosiphum euphorbiae WK R, KM TLTMKE
UF B W Aphidius ervi SZAHY)IRTE B & R B
H T A & B B 18] ZE K ( Christiansen-Weniger et
al., 1998 ; Calvo and Fereres, 2011) , iX2& M THY
WARE IS AT AR A BRSO AT 52 00 A {45 1
MAFE SR, A0 UL h-F i 2 A
M EE-MEAML 8 43 BT Q3K A 5F /N 8 DR AF 5T &R
S8, BT XEREAT RN B SRR EE & K
A B 2784k (Liu er al., 2009) , R LA 5 B2
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AL R p A A BER R EHESHEEMRTE
E LR EERX IR, A, HYHFFEEIIE
- 2 B S I (s A5 27 AR e AL B AT R S, R
KT HZF FHFREE, JErTRedE 222 T &4
METER FRN R IR, IS, A 3 PR iE B SE
KB IAR FAMATE R —7F FHAHB RS, 7Tk
SHINFY N TE S BT HERUR:, A TXE R R 3 ™
A —TE R

AR EE A [ A B A T R Y
EXTE R R B AR B R e R TIRE
(McAuslane et al., 1995; Headrick et al., 1996;
Schoonhoven et al., 2005; Inbar and Gerling, 2008 ;
SR, 2012) , Hlin, AUFR BrEYZEEER
HCR AT LA | e — e A i Y 2 B A, 3X
B Dy & 6 AT Bl A AR A 59— E B ( Traw and
Dawson, 2002; Schoonhoven et al., 2005) , SR T4
[F) A %) R Ok M =6 25 BE AN ) 14 AL 40 190 2 B fi 4
P AR MEX T REE R FAT A4 R HE
i 3 A — 2 ( McAuslane et al., 1995; Inbar and
Gerling, 2008) , #2775 A1 75 25 X A [l 9 Fh 28 &
AR AN BRIE A . (BIRRATTR, W%
FRPEYE T B8RRI A A
I NIBISAEZ BT AR WA HGE , A SCHRIFFFT
G5y B RS AR Y- XA 5 B - A -2 A 4 Y
TRFRIPFTIRGAL T BHAIEYR, Wb K2 A
U5/ INBEE 75 9 R A TR 428 TR U A o B 119 & AR SR AE T
ARHER.
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