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HBERFICBIT 3T V7 IFOKE

R ERERE (IPM) (CBIT D% 1

F1E

RERI ISR EOREY A L B ZEMITAEET
&5 Lnh, 1950 FARLLEIC T ORSH A SIE 23
ML (&K, 1964), Frid tha A EO KGR E 2 5
ND Lo TEE, ZOX ) Ielis BB OIERIZIX
IRERE OBAN RSN B o7 FRIL, 2015), —75,
TR OAF ITE UICIRERTT IR E BRI L > THAF#E
BRETHHI NG, IRENICEALFEERITEMHEL,
LIX ULIEHER e E A 52 T D,

EONINEMT, BEREE CHEER> TN DHER
A v >y aF YT I Trialeurodes vaporariorum
(Westwood) (van Lenteren and Noldus, 1990) (Fig. 1 a,b),
%333} 7 X Bemisia tabaci (Gennadius) (Stansly and
Naranjo, 2010), ~ AN 7 U /N Liriomyza trifolii
(Burgess) (Spencer, 1973 ; P&, 1992b), k<~ b/ E
7" U Nx Liriomyza sativae Blanchard (Spencer, 1973 ;
Parrella, 1987 ; &R &, 2000), I A F A a7y
~ Frankliniella occidentalis (Pergande) (B - f&H, 1991 ;
Bredsgaard, 2004) 72 ¥ ThHDH, THHOERITIE, W
A JRBEME, EOEEREER, B RARREUE & o T @ o
¥4 % % (Stansly and Naranjo, 2010), D HH, #
NazF U7 TR OB, HHEE N Z PO
B RRERRAE A R L LTERL, NFEUA L
AOBA R B E L THIAL A ST S (Brown and Bird,
1992 ; Brown, 2000), BUE, AMIEZL < DA A5 A
TRBIBINC R R HDEREFIMESN TR, el
TOEZNaaF YT I IEESE (species complex) &
VD ERFR (L LT 5 (Brown et al., 1995 ; Brown,
2000 ; Perring, 2001), [EPNTIX 1986 FzH "z
FINAFHAT B (Fig. 1d,e, ) DOUFEINDHDIRAD
MO CTRERB S 4L K, 1990), 2004 424 /3= =
CT IR A AT Q (Fig. 1 ¢) MHER SN TS (Ueda
and Brown, 2006 ; Ueda et al., 2009), ENTIZZ 5D
AFZATLUING, AA I RTBEEBRFEL LIERE X
NWBNSA FH AT JpL H35347 LT 5 (Ueda and Brown,
2006 ; Ueda etal., 2009), =77 JFUIRIHT &V 21E
MOEFEIET 51300 Thel, HHiy () 0%
T DT IHRNRELGET 5 & & bICEMERET
% (Schuster et al., 1996) (Fig.3a), I 5HIZ, #/3ax
FTTI0FEIT b MREOEARE (FEK - Rk,
1991 ; #A3, 1992 ; Schuster et al., 1996 ; Masuda et al.,
2016) (Fig.3b), v VUE, 77 T7FF, ~2ARHEHRE

&

=

ICHEZX O PEBRRE (HE,
5, 1993 ; HAR, 1994 ; Schuster et al.,
B, 2008 ; #A7H, 2010 ; Masuda et al.,
7 CORICERE LU AEBEORRLE o TND,
HoRaat VT IF 300U EOY s I =y A VAR
DIAIWVABENTDHZ RN D (Varma et al.,
2011), ENTIEY = S =T A AL ARRTE T A L RARBD
b~ NEEALEER U A VA Tomato yellow leaf curl virus
(TYLCV) (Fig.3d,e) 7% 1996 4E(Z &R R, =R, £
I b~ FEEHITHID TRAEDHER I (Kato et al.,
1998), ZALAME, JUM, FERA, BISICHANIK L
(K%, 2005), A7 A VARG LT b~ MIZERER
ERETHEEBIT, EELRL LB END (Czosnek
and Laterrot, 1997), #RFHINCEZ KR ESI &I LT
Wb, 2, 7uATRUANVARS Y =T A VARO
7 VSRR D A /V R Cucurbit chlorotic yellows virus
(CCYV) (fTHE5, 2009 ; Okuda et al., 2010) (Fig.3f, )
I, 2004 FEREARIROMiFNFES A 1 o CRAENHERL ST
LIk (F718, 2009), JUNARICIERL, FHFEENTDH
2014 FEITIREE A v U CRAED RS S e, RO
TR IR N AVE U, BESDSEENN - A LA B L -
JER LU CBEROBEAIE L 720, FEBABRKTTLHE L BIT
SEAME T LB & 7225 (T 5, 2009 ; Okuda et al.
2010), BAEMIC 2D X 5 Rk iE L 52D 2 L0 D
aF U7 IFNERERIEICB T AEEER LS TND,
SNET, 27T IR LRI R A A
SITELDR, BRANH T HEPUEAFE L TE TN
5 EMBEBE OB OBBRIIREEL 2o TNV D
(Horowitz et al., 2005 ; Nauen and Denholm, 2005 ; &3, -
HRHE, 2010), F£7=, TYLCV X2 CCYV 72 £ B Rk
A NLATROBEERICBNTIE, AR EENSRBRE A
NVATE, FIEAE O OBYREEZ W HH 5 2 L NEET
b5 (K%, 2005), TANAEERE LIZZ a3}

1992a ; EEH &, 1993 ; FMi
1996 ; £« K
2016) (Fig.3¢)

T I DEEBEBR~DRA, EENTOHEE, EEHN~D
B EORENEEL STV,
EEFIZIBIT HERKE LTI ZOERN

HETHD, OEDXERFFEFAIERVIEERMRE, b
FOEDIHRENITBRBALTCLESZBEORRTH D,
EREARAIERWVIEEMEIZOWVWTIE, BAH~OB
MRy hORERERERD, Bilixy hOHEWE/IN
S THIET DT ERABBIESIRIIEE D03, TOHH
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KENERDE S TR - 218 & 72 % (Sase and Christianson,
1990 ; Montero et al, 1996 ; Munoz etal., 1999), >,
BHE R > hOREICE L UIEROR AL I & i52h%
DM Z BRE LT L7 b7, KR E ek 2
fHZ@mO T BHHR S AT AR S, b~ MRS
BASHTND (KA - 574, 2004), ZOREINERD
BABRIREICH AL &, EFEOREFENORIRLK 2°C
NS 2, WEMED D DRV EREGEDLZ &b, &
EMEE L REORENE LM ETHENS (KA -
SR, 2004), IEHEHBSRICIIREREBER H Y, BE
AR THH03, BHEROHTNEROEANT D20
& & T % (Berlinger and Lebiush-Mordechi, 1996 ;3t,
2007) o W OIK TS B RORAN IO T2 H
v N ERABGDOEZ VAT AL LTCHRBTHILERD S,
—7, BEAIZBALTLE S 72EROBRMEKE L
T, Bind U735 B 3 AN U TR A R S
HTWAHZ &S (Horowitz et al.,, 2005 ; Nauen and
Denholm, 2005 ; #&¥L - #KMH, 2010), Kifk & % HA 2
BRIk G E B (Integrated Pest Management,
IPM) PBAFE S, WOk TIEERE 72> T % (Heinz et
al., 2004 ; Stansly and Naranjo, 2010), 3, £WRdk
& LTRSS 7o R I s i m L Tk v,
2014 #-F47 & 417z The Manual of Biocontrol Agents (Roma,
2009) [C kD&, KRB E UTIE8LTE, KEWRED &
LTIE39f (N, Btid 117l 2ME#ShTWD, =7
VI IFORBIZOWTIE, Ay Y ans
Encarsia formosa Gahan (Fig. 2 a) D23 M H 1<, 1920
FERITITTTISA F U A TREEEITHOIL (Hoddle et
al., 1998), PRSP THA SN TEY, EWNTIE 1995 4
RO TAEYRIEE LTRERI N, RWT, ENTI
2003 FRZ /X7 ¥ 2 /3F Eretmocerus eremicus Rose &
Zolnerowich (Fig.2b) 73, 2007 FEI\ZFF v A Y ¥
/T Eretmocerus mundus (Mercet) (Fig. 2 ¢) 23EHIRNT
BERSAL, WANWARFAGREZFHTES L S1C2-T
&, T Y aNFHEOMR RN 2TV IR
IZHFARCHEMREER (RA N7 4—T 4 7) 275
ZLIZRY aF YT IFOBEN R S ND, L,
T 3D F MO A FIREZ L - REt L7z
W EAHI BT, YR L TORMEOENILT
LEALNITIR > TR, Flo, TFavuhfYva
NFIXFEERELFEIREN SN2 L 2D, LFE3 o
FEROT TR BALREN TS5 (Hudak et al,,
2003 ; Stansly et al., 2005), =77 JFAITKT B AT
PEDOIEVCEEIMTEIOE N ITIIARB RN Z 0, S 51T,
aF T IENLF LIS, RARIEEFEE, HDHN

VEAE MR & A A A A R T AR EE S4B
W, Z DT DI IR RFRMED RO T A T 5
R FANCHE L TBMNERH D,

AFFRITREFIFICBIT 2307 IHOFH LWRE
ARERER (IPM) OFEZHEELILLOTHD, 1T
COIZERIARICBIT D 277 SFEORAEFEREREZ I 5
2T 5 L &b, AL FEGEEAGDET 2002
F0 IPM OFEEZF LML (B2 &), Kooy
7 IFEREBENICEASEROVOIRFIBLS S AT A& Et
L7z (B3 &), IRIIRENIBALTCLE -T2 Y 5
SEORK L UTHEARORREL R L (45,
BRI S AT b L AR E L E LT IPM O
MR AEEE L F5E),

e, AWFFEOFEELHS31E Applied Entomology and
Zoology (Sugiyamaetal., 2008, 2011, 2014), HAISH
R hrRsE (IL S, 2011), BATER hEFES®R (2
(5, 2012) XLV BioControl (Sugiyama et al., 2013)
¥R LT,

AFRLOEY £ L DIZBEL T, ZBY)TEREfRE L 5%
HEGY F UTFR R BIR R LIRS
WMOBERLET, £, MLOBEZG > I FHEKT
R EAR S A T O A QNI B R AR50
Bz T HEEE LIRS EROBE AR LET,

AMFFRABAT T HITHT2 0, Julfh R s
HERME — =& RIZ3Z < OffEE L HBIE 2BV,
FleaFUTIEE Y Y aNTEHOBEEARAE X %L
BEHER U B E T, SRR IR BRI E R R EAR
Fi—I%, KHESREE LI ONCEARRIRKIZIZ S < OfEE
BLHBIS ARG E Lo, SR RARBIRRI AT ILiE
FEHE IR OBEIZONTE L OFFEE LB S %
B0 F LT, FRRARPETIE LB L, soi R
B o 2 —2% 2 BRI L, FHi BB STRT
THERIC,  FRRA R E BRI E — G, e IR SRR
ot o Z L, RUNERESA R N PE AR
EEFTIABFFIR I IXAFSEIC B3 A M5 L HBh S 4 15
5 & EBITE LOBEELZ W, Bl IRASENT
Get o B —/ NI T VR SRR AT I 2 B 9 D 4HIBh
S LEIEE A £ Uiz, SRR e e AR
RAEFDRIZITREHSK S AT LB L0 b~ MG E
BT RS LB E A5 0 F U7z, FERICER <
AL EFET,

Pl WNES = B e S S Sy Nl e 5. 3 )
B 72 B S O CRE O B ERMERE W72 & E L,
TCREE A EIRITICET I e L, R - BT
TR AW ST A bR B R WFSTER P AT L ORBR I L, [
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PP R ETIE Y o 2 — B AL, B2 —t
KB Z R N E B RMOKE DT v 7 —/ N —
T IHMEIERTZER & LU CIR R RS IR SERT ChHE
T SETWZW BRI HFAERICET 2R oiife s %
B0 F Lie, R - RnEELIR A7 et &
WFZEEP R AZE—ERRIZIZ A NaaF YT IRV b~
NEALFESST T A v 2 OBEFREI BT 2 A48 228 =
20 E LT, 3 - RinPEEDAHS U dbieE
[T v 2 — ERESIERIC3 2 Naa T YT Ik
O b= FEIVIERIR 7 A L A DB F 2N BT 5B 5
IMHBE 2B £ LT, R - RALERDIE e
M REEZENTTE 2 — B FE R ONC REACIR R EATT
Fot v F AT RITIE Y VIR T A v 2B
LHEWMRHMMEEBY E LT, TV AZTA T AT
ZRASALEOBE T GBI ONT L PR 2 T F A D
N2 72K & L b ICFAERICET MBS 2 s E
¥ L7z, BT EREERENCARSET L X b
AT AR EERIT I B BRI TR L EE A > T 72
&bz b~ FORFBEEBICHET MBS 2o iZE E
Lic, PRETEREHH L EF £
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Fig.1. Whiteflies; (a) Trialeurodes vaporariorum adult and (b) fourth instar nymph. (¢) Bemisia tabaci Q biotype male
(left), female and third instar nymph, (d) B. tabaci B biotype male (left) and female, (e) eggs, and (f) eggs, third and
fourth instar nymphs.

Fig.2. Whitefly parasitoids; (a) Encarsia formosa, (b) Eretmocerus eremicus, (c) Eretmocerus mundus.
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Fig.3. Damages to various crops by whitefly; (a) black sooty mold contamination by whitefly honeydew on a tomato fruit,
(b) irregular ripening of tomato fruits, (c) discoloration of celery, (d) Tomato yellow leaf curl virus (TYLCV) symptoms
upward curling of leaves, () mottling chlorotic leaf margins, (f) Cucurbit chlorotic yellows virus (CCYV) symptoms on

foliar chlorosis on a leaf and (g) systemic foliar chlorosis of melon.
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F£28 BERICETHAFTOIIHDREERELE 2002 F£0) IPM

BERETEIANaaF VI I LENANENTD
TYLCV S E 725 T (B1F), #aatvd
2L 1889 FIIK Y vy DA NRapERE LTHIDTRE
#HIh, BWETIE, 2, A X ONRAT o R
IR AR L TWD (Brownetal,, 1995), #/ 32
FUT IIFEEENE, VA NAEARE, A
72 EOEMERME N RIR DL L DNA T XA THIEE
L, 2 ha RU T COl AR T-BIHI D SRARANT 2 iV iz
SHEEIC XY, b B 24 Ll ED T —TF IS BN
(Dinsdale et al., 2010 ; De Barrow etal., 2011 ; Lee et al.,
2013), Z oo UT F 1 SDOEPE TR, £<
DAEYTEN D 70 HFEE SR (species complex) TH 5 &
T shTna (Boykin, 2013), NA X A7 A IET
AU BEEEEE AFT 3T 1981 FiCU & &7 UEHEY
DEEER L7252, 1991 % TITARRET A 4
2T BILRDY, "AFHAT B IES5 FETEOMIC
FIERMFRITIA257- (Brownetal, 1995), HATHA
AF L AT BIL 1988 FLHN S b~ b, RA EBFT
IVNRETRENHREND LD o (R,
1999), A F X AT BIFAME L AL FRAl, A%
U 2R FA e LIkt U TR E A RS L TR Y
al, 1995), ENTRAELCWEA LY aFdII L
BERNINERIR D Z L D OENERORE T, =
Tz Tu s AAHK, TREITY RKER, =7
VBT LKER, 4K 7 a7 RKFE ESROH
DRBBIBH LMo T2 (FF, 1999), NA A H AT
Q I A XU T REFEEICRTERIC M LTV R, 20
%, 1997 FEIZAAA 2, 1999 4EICA AT )L, 2003 4E
IZHIE, 2004 £Ei24 Z ) 77, 2005 FEZFEENZ AR DMK
L, BARTYH 2004 FFI2RAENHERE SN2 (Ueda and
Brown, 2006), /XA A% A 7 QTN TIIE Y T u v
T xR A= aF ) A RREBANTRT DR MO
T3 4 (Nouen et al., 2002 ; Horowitz et al., 2003),
ENTHLEEEOER T, © U X /KFAl,
A Y RAFEl, IARZXZF A, =T ET A
IREFN 750 EFNR D B D8 MK 5 23T Ae o 72 (A,
2006 ; BEM, 2006 ; /MK ; 2007, %L - #RH, 2010),
F R OESERETRELTWE YT IHEOTEE
EENaTAF T IONAFEATEBIOTYLCV O

(Brown et

TR AEREICHE L-SEI T o nE Thnz &nb,

INGORAERNEZRE L2 G 18D, RIZ, EERE

TRETDaF VT IFAEETLERITH L CHFES L%
HA| A A A T2 2002 40 IPM OBAEIR & it L
FTOEEAL L GFE 28,

FE1H RERE
MHELUAEE

1. aAF S IHEOEEMERERE

2006 FD 1 A~2 AIZ3FEEORIH (F~ b, Anm
VELUOM FI) L2EROTEEE (Ma¥kay,
RAEFT)DHOET A EENLIEMOEICEFEL
TWAaF YT IO B AR BE T20 5HEEL, £
EOTHEBETS /) —/LiE (99.8%) IZIRIE LT, el
WERRR =S, RRAT, B, ELEm, T,
R, 2800, BT, ZET, AT CT® 5 (Table
D, 2F7Y7 IFED TYLCV RERIRI & TYLCV ORI
OBREH D120, (EORESEROFEL B CHE
L7z, BEaOE & B/ MUY KOS BEEAER O
FrHALDRRILRGLE LT L7,

2. AFrTOISIHDORE

aF VT IFEORBETRER, FELZETOF v
YatvT Ik yoRaaFTT I BHENRRERD O
BIL7 (BR, 2000), #2223 FPIFINAA4ALT B
LERaaf I INAFEZALTQ (LUTF, AiEZE /A
FHAT B, BEEALATLAT QLT D) DOIFRERT:
FRAIXEE L 72, Ueda and Brown (2006) [ZfEW
PCR-RFLP {EICX VW 2 b3 FU T COI iz AT
A LT-, 97245, DNA 1320 uL @ Tris-EDTA /N 7
7 —i% (5N NaCl, 500nM EDTA [pH8.0], 1M Tris-HCl
[pPH8.0]) HFTIEED 2 F VT IO B E T T AT v 7
DOETHOS LTI L7z, fii&IZ 13 L o7 w7 A F
—¥K (20 mgmL) #iNx, b7 &b 1 #3057,
56°C TA v FaX— b Ui, fliliglE7 e 74 F—E K
THRIEHLL, PCRTF T L— e LTES 720, 345
WM& W <7, PCR 1T 20uL OIEEFR (0.6 U D
AmpliTaq polymerase (Applied Biosystems, CA), 0.2 uL 20
nM dNTP mix, 400 nM @ forward & reverse 77 A ~—,
2 uL 10 x PCR /N 7 7 —, 2 uL 25 nM MgCla, 0.1 uL DNA
T b, BRI K CRAEH R A BT T,
H—~< /%A 27— (Applied Biosystems PCR System
2700 : Applied Biosystems, CA) & HW\WCTROT 17T A
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TITo 70 BAIOZEMIE 92°C T 143/, s8R 35 U1
J v 92°C T143M, 7=—V > 713 1 43, iElX 72°C
T 14730 B & Fetk O F13 72°C T2 43T 72, DNA
Wi 2 BEIET 2 7o DIZBR D7 7 A < —& iz, HIR
FEsE & BERUKENMLEL L PCR SUSIER (Sul) 12 10 fE5@
EOHIRESZ Yy 77— Qul), HIIREESE 05uD, &
FZREK (125u]) ZMATEEL, 377CT 1 RS
S, %7 Ha—RA 7 VEKIKEN 21TV DNA Wi
DVKEMEIZ K D S A HZ A T HHR LT,

3. TYLCV mirH
WECHNEAAF LA T B EQIX, A AL ATD
FEDDOITHH L7z DNA ¥ 7L a v, £7-
EERERMREB SN b~ MEEDO SHEB L ORA &
FTRENOHRE LAY aF YT I il LT,
KED (2004) Vo T VT IEMEEL TV D
TYLCV O &7 o7, 7726, 77 4 ~—ILTYLCV
OB EAATTHTESRD 7 A 71 ARk & § i EER R 5 K X
HRD T A VAR E & HITHIE S 57200 TYLCV fiky
BT 74 ~— (TY 774 ~—) M=, PCR DR
FEGA813.95°C, 2 /3]s % 1 [|], HEME 1L 35 41 7 L (95°C,
508, —55C, 149—72°C, 157 308) ORIGE#RD K
L, ®%IZ72°C, 10 DO E T o7z, BREHTZD 5
BkD X RaaF VT Ikl (BEM DS 5 @R
OEAITETOMEK) IZHOWTEERT L12 TYLCV Ofk
HEIT-o7, &5IZ, TYLCV A&, 10 Bkl -
DR BEEE SNTZERIZE TOREEOREFIRLE
L, TYLCV {REFEADLELFE LT,

fmR

1. AFOSIHEOBEEN(A214T

F RN O EE R EMOEETIL, A 4417 B,
NAFEALTQBLIOA Y aFTT INFEELTY
Tro BRHIANA A Z A T BIZA8IRED H H 30 IRETHRAE
L, Aoy athyT I L oRMIT8IEETH - 7= (Table
Do NAAZA T QIIHRA L BFTDOHRTERAEL TV
(Table 1), MV a¥xa v Tidatr v T IFEERETE
7epodz (Table 1), A FIMHTa YT JFITHES
NEN, A F3aF VT I LBUBTE /e oTzlzd
Trialeurodes sp. & L7z (Table 1),

2. TYLCV mRE=AKR

TYLCV IZ X B EERIERIT b~ FOATHEHEI Lz
(Table 1), TYLCVIiZ b~ bk, AA v EFTHBIOAR
VIBENCRE LIS AEATBEF VYIS VT

IHRHET (Table2), 23 8D b~ MEZEOWN, 9
BN SERE LT A A X A 7 B G TYLCV B &
oo ZO9FON, 10 BHLL FERE S NIRED 6 O
4 FTIX TYLCV 2R RO N 100% T, 6 BHOPN 2
BT RFROLRILS0%LL ETH -7 (Table 2),

R

FAE L7z 48 FDOIRED 5 6 30 BROIRE T/A A H A
7' B ARAL TV (Table 1), b~ MESEIZOWTX
23D H H 9 CTERE L= A 4% A7 B 5 TYLCV
M &M (Table2), ZD9BRD S H 4 TIZ TYLCV
DFRFIEFRIT 100% TH 7= (Table2), ZNHDZ LN
b, BAOFERRERIEIEY CRELE o T D =)
VI IIANAA A HATBTHDLZERPALNII ST,
TYLCV OEXAGERMII ~ FTHY, KA F
T CORPIIFEE STV, A B A3 L72
W (INAE, 1999), F7=, b~ RUS O FLba¥xra v
EDRRNEMRe ) 7o g Eny AN OMRITERLTH
I OB 72T EIR & 72 D Z i3 7au (g, 1999 ;
#ED, 2001 ; B - £H, 2002), FFEESEHEgO b~
FEHIZET S TYLCV OFRETIE, BAHERETS 1.0
mm HELLTFOBBRRy b EHE L TORWEREOEIS
L 73%&m< 53 - 138, 2002), TYLCV IZAIZESCRK
BOBRASNPLEA LA NNaa)F YT AL il &
NDHZERHLNIR->TWD (FE - 3, 2002 ; £t
M- HHE, 2006), ZAEDIEMND, RALEFT LA
O ARETERE LY T JEMN TYLCV 23 LT
W= DX (Table 2), BALOREH M~ N CR7E LIRENIC
RBALEZEEZEZ SN, S BIRENA~OR AR L5
DIEFICHETH Y, KRBT TIEE 3 HE W LI,
JUNHS (BE, 2014) CRIEUHLS (RS, 2007 ;
FEE B, 2007 ; (L3 2007) TiX, A4 XA 7 B ORKE
ITHOTIT, " AXATQBPELHL TR, RO
a7 IFEOFERRL & 1T R > Tz (Table 1), 23
FEA T QIINAFHA TBIZHARFR A =aF /) 4 FR
A, vV Tad T e U7 EOEENIH L TREW
AP M2 A LT (Nauen etal., 2002 ; Horowitz
etal, 2003), b~ NE(LHEERORAELIBE, AFOBR
X E L CRBAIOERBEENREY, "M FX AT B
OFENMH SN2 EEZBNTWD @O, 2014 ;5 F
5, 2007 ; KFH B, 2007), £z, vy atrys
LOxRF=aF ) A RRBBFNKT DS ET A A
AT BIZHAE < (IR, 2000 5 H:H - B4, 2008),
ABRUTEIFTIFA a7V I U~ Thrips palmi Karny
WRIT DA =aF /A RREI72 ECLDBRES &
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Table 1. The occurrences of leaf curl symptoms and number of adults of each whitefly species in various host plants in 2006 in

Shizuoka Pref.
Collection Leafcurl B.tabaci B.tabaci T. vaporariorum
Host plant a . . . b
No. site date symptom B biotype Q biotype  (Trialeurodes sp.)
Tomato 2 Mishima Jan. 25 + 3 0 0
3 Mishima Jan. 25 + 3 0 3
4  Mishima Jan. 25 - 10 0 0
6 Fui Jan. 24 - 0 0 34
8 Fuji Jan. 24 - 0 0 8
12 Fyjinomiya Jan. 24 - 0 0 0
13 Shizuoka Feb. 1 + 0 0 0
14 Shizuoka Feb. 1 + 0 0 52
15  Shizuoka Feb. 1 - 3 0 0
16 Shizuoka Feb. 1 + 0 0 0
17  Shiznoka Feb. 1 + 0 0 0
18 Shizuoka Feb. 1 - 0 0 0
19  Shiznoka Feb. 1 + 11 0 9
23 Yaizu Feb. 20 - 1 0 0
21 Yaizu Feb. 23 + 21 0 0
22 Yaizu Feb. 23 - 0 0 5
29 Omaezaki Jan. 18 + 10 0 0
30 Omaezaki Jan. 18 - 0 0 0
31 Kikugawa Jan. 18 - 4 0 0
32 Kikugawa Jan. 18 + 4 0 1
33 Kikugawa Jan. 18 - 2 0 0
35 Kikugawa Jan. 18 + 6 0 0
24 Kakegawa Jan. 18 + 18 0 2
26 Kakegawa Jan. 18 + 5 0 0
27 Kakegawa Jan. 18 + 16 0 3
28 Kakegawa Jan. 18 - 0 0 0
34 Kakegawa Jan. 18 + 16 0 0
39 Iwata Feb. 15 + 8 0 0
40 Iwata Feb. 16 + 6 0 1
41 Iwata Feb. 16 + 1 0 0
42  Iwata Feb. 16 + 10 0 0
48 Hamamatsu  Feb. 3 + 0 0 8
49 Hamamatsu  Feb. 3 - 0 0 27
50 Hamamatsu  Feb. 3 + 20 0 0
51 Hamamatsu  Feb. 3 + 43 0 0
52 Hamamatsu  Feb. 3 + 15 0 13
Prairie gentian 11 Fuji Jan. 24 - 0 0 0
Poinsettia 1 Nagaizumi Jan. 25 - 8 1 0
9 Fujinomiya Jan. 24 - 0 12 4
Melon 37 Iwata Feb. 15 - 6 0 0
38 Iwata Feb. 15 - 6 0 0
43 Iwata Feb. 16 - 5 0 0
44 Kakegawa Jan. 16 - 5 0 0
45 TIwata Feb. 20 - 6 0 0
47 Hamamatsu  Jan. 20 - 13 0 0
Strawberry 5 Fui Jan. 24 - 0 0 (34)
7 Fuji Jan. 24 - 0 0 (28)
10 Fujinomiya Jan. 24 - 0 0 0

* +: observed, -: not observed

® Number in parentheses indicate unidentified Trialeurodes sp.
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Table 2. TYLCV detection in whiteflies collected from

various host plants

Detection of TYLCV®

Host plant Collection Leaf curl o -

no. symptom’ . tabaci B. tabaci T

Bbiotype  Qbiotype vaporariorum

Tomato 2 -(3)

3 +2) +(2)

4 100%(10)

15 -(3)

19 -(5)

23 -(1)

21 100%(10)

29 -(5)

31 -4)

32 -(35)

33 + -(2)

35 - -(35)

24 + 100%(18)° +(2)

26 + +(5)

27 + 56%(16)° +(3)

34 + 69%(16)°

39 + -(%)

40 + -(%)

41 + +1)

42 + -(%)

48 + +5)

50 + -(5)

51 + -(5)

52 + o 100%(15) )
Poinsettia 1 - -(8) (1)

9 - 0%(12)° +4)
Melon 37 - -(3)

38 - -(3)

43 - -(3)

44 - -(5)

45 - -(5)

47 +(5)

¥ +: positive, -: negative.
® Number in parentheses indicate tested individuals.

¢ When more 10 individuals per greenhouse were tested, the percentage of
TYLCV-positive adults was caluculated.

720, KFAEICBW T AR VREETH Y aF YT
DIENIRINoTEBZDBND (Table 1), —7,
JEEETIX 23800 5 5 TYLCV OREABIE SN 6 1%
TOIRET, A vV afFvII e/ 4% 47 BMNR
FELTWEZ END (Table 1), 25 DIREDBFRITIE
Bhrol-tEZ2x b, BENBALTCLESTa)
TT VT U CH AR AR UTZBBR IOV TR
4 ETHRF LT,

FvValrT I IS FEAT B BENEN

el

1974 4F, 1989 4E|\Z[EWN THIO TRAENHRR SNT-H, =
NHITEASNIZRA v F 7 ORIBHERICEELT
BALILEZZLNTWD (K, 1990 ; #k, 2000),
A FT O ATV MR SN, FnREIISNE, D
BAINDBANMTEALTHD (B, 2000), AFRET

WERA BT T OIINENA T H AT QHRENTHIDT

REINTZH (Table 1), AASA A XA T HUEND BN
ENTZRA BT T OEARE & BIURA LT ATGEMEN &
W AN OEAE LS B AAMEATIZ OV T HIRE
B DRI E AN OWTH B S DRSNS % D
METH D,

TYLCV [I# 32 aF Y7 I OWHIZ & Y BIERIZER
DIAFEI, FIEIED H G E R & R RARRRNETIC
AV, R AL S BRI A S A, BRI &
EBITTA NAR R &5 (K, 2009),
FrvvaFrTI Iogs, B EEMBEICLY
TYLCV OfE~DRAMBIE S 5728 TYLCV 134t
Sr&fiavy (KA, 2009), 207, ARET R~ b
LEFE LA vy a)rdT I0s TYLCV Mt &
DX (Table 2), FEFED ST LIHEENIZHE > T
7= TYLCV ZRi L7z &2 bk, <~ ho TYLCV i
NAFEATBIZE VB SN TS Z ERALNIAR
-7z,

PEo X oz, BUTOREMETIT =TT 7 JFENE
ERIRATDEZ EBHLNI RS2 205, BEN
~ORANEPBRT HRIRBMELEZ 5D, £IT
2} VT IHEMRA LR WRERBEIC OV THE I ET,
BALTLE -7+ UT JFITHT HRARRRRIZ oW
TH 4 ETHRI L,
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E28 2002 F£D IPM
MHEBELUAHZE
1. HERE=E

FARSNITHEND 2 FO+H I = b~ b ORBRELER
B2 (@SR 3m, T8 7 1V A8 THRBRETT o 77,
2 FOREBETFR L€ 8km BTV 5, AN bRV
BAZAAA DRI IPM X (12m x 41 m) & FESRRMAE
HAIZFLE LK (12mx50m) Z23%80E Lz,
X & HIRBTERBER T, MBI =LFEE RFIC K
VEAEAL, 1.0mm HAWOBFHR TRy NERIELZ, WE
W7y a7/ VEBBEIC L A2 RE @S5 m) 12X
Bt v N &R Ligh o7z, IBENITEMBEEEIC L
D ERERIEE RCICRELTEHELE, IPM XX =
~ b (fFE: F) % 200248 A 30 HIZEM L7z, xf
BRZI=r~ b (W 22) 2200247 H 26 A
TEAE L7,

2. {HEHAXE
o+ U7 IR L TIPM KOE=EICIZA Y

YanF (A v 7P OvI—H—F (Y%
V7788 %2002 10 H 4 A, 10H 11 BELWU10 A
18 HD 3 [E] b~ FOBEECH Y TiF7z (Table 3), /E
7 YRR L CA =T v A 2/3F Diglyphus isaea

(Walker), /~E&72'V 2t~=/3F Dacnusa sibirica Telenga
DEBBASTZR ML (A Fv 7 A% (B4 7-Y
0.4 51) 2 2002 /- 10 A 4 B35 L0010 A 18 H o 2[R
WO H L §%iE L Ot L7- (Table 3).

3. #EFZBHF

IPM X CILERERFZ =7 v BT DRiAl & 3EICALER L,
AP URL VT ) 7 2a Al vaw YA,
TV A FUREEREA, BtAl, VT oxXua ARk
OA A IHIZHH L7z (Table 3) ., *HRX CI3AEmEHME
ALTWBEA eV A, 7vX2I7Y RAl, 77m
T2V UH, suFT=U0Al, =TT LA, v
Tx 7 Aa A, Ya<wPUH, BtAEl, v 72X
BB LA A VHIEER Lz, BERIIAFEENEROR
AERPUTIR U CHIr LA L7z (Table 3),

Table 3. Frequency of pesticides application in [PM and control tomato greenhouses

IPM Control
Main target pest Insecticides, parasitoids Spraying vear and day Insecticides Spraying year and day
2002 2002
Nitenpyram 30 Aug. Pymetrozine 26 Aug,, 23 Nov,, 5 Feb., 14, 28 May
Pymetrozing 15 Dec., 11 Jan., 9 Apr. Acetamiprid T6Asperp %, 210t 25 No, 3 Ja,
Benisia iabac Encarsia formosa (1.7 /plant) " 4,11,18 Oct. Buprofezin 21 0ct, 30 Jan, | Apr.
Clthiaidin” 14 May
Nitenpyram” 28 May
Flufenoxuron 30 Aug. Flufenoxuron 6 Aug.
Cyromazine 14 Feb. Cyromazine 26 Aug, 26 Sept., 11 Dec., 23 Apr.
o ol Dighphus isaea (0:4/ plant) "
Dacnusa sibirica (0.4 /plant) . B0
Emamectin-benzoate 14 Sept. Bt 6,26 Aug,, 21 Oct., 11 Dec.
Spodoptera litura - Bt 190ct. Lufenuronn 20 Sept.
Lufenuronn 20 Jun,
Aculops Iycopersici— Sulfur 14 May Sulfur 20 Sept., 5 Feb., 23 May
Insecticide 10 Insecticide ]
;Zglcl;zcsy:;pﬁcation Fungicide 5 Fungicide 8
Sum 15 Sum 36

1) No. of parasitoids per plant, 2) These insecticides are effective for L. frifolii
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4. RAEARE
BEEENLHEITRAL 30 oI = b~ A
¥RE L, BROLEN, AR LT LEEDOS 1 H3E
(BRH7= 0 3HEHE) 2O\ C a7 IFEDREIS L
DA fmshbgz iz -, 27 V7 IFEPETEofho
ERLFE L2, v ANTS Y S 3EECEEL T
DI E AL R, ~NAEL T Fo bR ol
ka b S L BEICEFEL WA REEREL,
BEOGRORAERELEH Uiz, T 2002 4 8
HTFAI~2003 4 6 H TAIE CTAHIZ2 BT 572,
BALEED® (TR=T72S: T4 7 ¥ RFA) W&zl
7-5es (B 15em, mE20cm) MIZHD L, BesidE
KDl dT N IFEEEE, BRLEII ThR) o7, &
ZRITIRENO YR E LIBENOEEZ 1 5Tl
EL, 1R L OEYRIRA R L,
HRXIEEDOHLRD 1 F54EAT IPM XIT 32 B,
KTRRIXIL 46 #F), UFERHLA (2002 4F 10 A 31 H) 22bif%
T 200347 H4H) ¥FCN#EL/ZI=F~ FOEES
FHAIL, 10a %7=v OEEZEE LT,

fmR
MIBXTIEaF YT I L CHEIH L A
a A, TEXITYRAL, 7TV R, R
FT =V RBIR=T BT LB EEF 15 [BIEAGL
e AT YT IFHORBITHEBRG S 4 AP E
TRR 3 EIEY =D 0.10~2.43 5H, ShhiIkkL7=9 020~
533 BCIRWEE CTHERE L7203, 4 H THLIRE, AR,
S L ML (Fig. 4 a, b), IPM X T3 eIz =
TUET LRF AR L, TO%EEKRE 3 Bl L,
A MU AIEARR3EIRAA LA, aF VTR
O RIS S 4 AhAE TIIRRY =Y 0~
0.57 98, ZhHfafkY7=v 0~1.97 5 & %R X v (K&
ETHR LS, 6 A LA L: (Fig. 4a,b),
KBTI ANET Y ARAZRIH L CINT =) 7 A0
VHIBLO e R E AR ABIOBAA LI E 2 A,
ABRBE S 3 A T E TSI Y=Y 0~
2.03 8 L ARWVEEECHERS L= (Fig.4d), L2L, 4 Ak
ALK, ShRsAEL, 4 A TRy e~ Y U AlE#dh
U723, BHFEagmL 7z (Fig 4 ¢, d), IPM X Tk
TN DTV T = ) 7 ZAa LH|OWAR & 4% 2 B0
WA E 1 A TFaIc e~ U AlE M LIZEZ A, 10 A
M52 A TIEHBHAEDSHRX LD £ b, 3Bk
BREA/ BT £ ORHEALEIIHRS 720 0~1.73 {8 CTHR
L7= (Fig.44d),

3 hUTEORERRIIMX & RGNS 11 A

THRETERELEDY, =~ A7 F o ZEFRERBIO
Bt A& 2~5 [EIEAT L= & 2 A 12 AICIIBENED Li-

(Fig. 4 ), IPM X CIE 5 A FANHH LSRR A LT
(Fig. 4 ¢),

2002 4 9 H 5 AEREFD 10 BE~14 BrOIREE L, IPM
X (36.6~38.6°C) IZtb~, xtBRXIL (39.7~422C) A
RN, WIS B (32.9~348C) ITHS
~9CiEn-7- (Fig. 5),

IPM XD I = b~ hOILEIL 10a 4721 12.4 t THER
X (1221 CRBETHT,

45 p  =———IPM
Control
~ 40 = = =Field
2
5
E 35
=3
g 30
2
25
~ ~ o -
20 | I T T I N N I N I N I N N N N N T R - |
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (hours)
Fig. 5. Hourly temperatures on 5 September 2002.

ZoRaat T I ORBRN~ORATIRE LB O
A5 T, RBELVHENOZBATD CFHE - £+
F, 2002 ; BLH - HE, 2006), #3337 IFHEOR
AZBFIET A 720120 04 mm BEWOBEX v 23HE
TENTWD BBILD, 2005 ; ¥R S, 2005 ; KHEHE D,
2007 ; BLHE - BHA, 2006), MEERXOMEEIT 1.0 mm H
AVOBiE Ry FERIEICEERE L BARKIBEE TH o
Teind, ZNaatvT IORABIERRIIA+5TH
STEEZBND, I NUNEOREWEN S A~11 A
WA BN (Fig 4 1) o, KB 3 b w78 i asph
BRy hZBELTORWRENDRALZZD EE X
b, RE~DFHRR Y FORELEETHLLEELD
N5, Btz y FOBAVBHIN R BIEEERDOERA
PHPNRITE E D05, BRDEITET LIRENORE -
FAT LD BIH D~ DB N RS SN D, AT
9 A 5 HOMIREDOEEL M~ MEREEEE 35C (&
¥, 1977) % IPM XTI 10~14 ¥, XX TIX 9~16
BFOMEBX CWe, £2°C, FIBETIHRAIEEFE
i & Fedadm 2 T IR EMEE I W TR LT,
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TV anFEL N aF VT ITIRD LA
Yo aF YT I kTl SILTWVAHA (Amo et al.,
2009), # Nz T T Ik LT HEEMEIZER S & 5
(b3, 1992, 1995), IPM XOREREDILH /=2 =a)
DI INKET IV A FIIENRLZ N UNED,
1992), IPM KO aF V7 IFHILZANaaF U7 INE
KCTHoTmBEZHND, IPM KITRERATEF Tl

Whitefly adults
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1o . Lepidopteran larvae

No. of lepidopteran larvae / plant

) O,

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.Apr. May Jun.

REHELCaFoT IFEOBEEZIH L2, 6 AL
AILEIZEEIN U722 & 525 (Fig.4a,b), Bilgghs & LT
ERFCThotz, #NaaF YT Jioxk LCiE 2002
YR VY 3T IR, 2007 FICFF 2T A VY=
NFPNEYRIRL LTRSSz, FFavhf VYo
NFNIENazaF V7 UK L TBOTHEITHLZ &
MAEHIVTCW S (Hudédk et al., 2003 ; Qiu et al., 2004 ;

Whitefly nymph
T 1l vV v

v
v Vv vV v Vv

®

44 -

v
v

40 |

30

20

10

No. of nymph of whitefly / plant

Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.Apr. May Jun.

10 . Leafminer exit holes

(d)
v ool v v
8 | vvv v v

No. of exit holes / plant

0
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_ Lepidopteran larvae feeding plants

v v vv(f)

VvV VvV V \4 \4 v
[ v

et [ [ N
(=] n (=] V]
T T

9]
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Percentage of feeding plants

0
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Fig. 4. Number of (a) whitefly adults, (b) whitefly nymph, (c) leafminer larvae, (d) leafminer exit holes, and (e) Lepidopteran

larvae per plant and (f) percentage of feeding plants.

Closed circle (@) and open square (O) is indicated the IPM greenhouse and the control greenhouse, respectively. Arrow is
indicated the day of parasitoids release. Closed triangle (V) and open triangle (V) is indicated the day of pesticides spraying

in the IPM greenhouse and the control greenhouse, respectively.
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Amé et al., 2009), 7=77L, i b 3FEAFELERRIC
Bl - Rt LIS IE A S 67, EMEIKE LToR
HEOBEWNBLT LHIA LT TV, 22T, 3
A D 2TV T JEITHT HPERARICOVWTE 4
= CHET L7,

72, IPMIXT6 AL 205 JFIFHMN L7758 (Fig.

4a,b), ZOXIRGEEIIEBANC L HRENRBERD
WEELR ST B, FRaalUIIx LTI 77
FZUAL BUERUAL, BEO=T VT AKIDERE
RN E ETWD (L - FRH, 2010; /MK, 2007 ;
i3, 2007 ; KHH - 84, 2008), LovL, Zhnfkh
RIS L COERB L EX DBMENH D, £ 2
T, FERFBFIOFEEIT HHEBIONTLE 4
ECHET L7,



14 el R R IR ZERT RR B HR 55 9

EIE BFHMI[ATLORARIESER

BN OBRSFIE TREL WD YT IEITE
WZHENaa T INAFEAT B THY, BIATD 2002
FEF L UN2006 F DIR EMEE CIITYLCV 23 Lo/ A
2 A7 B DIRFAETEICBHIETE S, TYLCV M3%4
LCLESIZLEBHLNERST- (FE2E), Z0d,
a7 IFHORABLIESROBWIRERE & RET 5
VIR B D, TR O 7= OIZFEHIR S AT L0355
SNFA (K - 5FA, 2004), RUAT AFa)FTT3
HORAMRICOFANRCTCELEEZELBND, T T,
IREZEDOH NEICRET 20Hm Ry hOHEWERET LT,
ity hOBEWIE 04 mm LLTFIZR5 & aa)
I IORAFIZIREIIETHZ B Do TND
A (BILS, 2005 ; #ATR D, 2005 ; KFIFHS, 2007 ; L
H - A, 2006), RHEHEROBZEICBRALZLILETE 2
NEIME LT (B 18,

FHIH IR RPN RE 1~2 m / s FREE D RS F ik
NTHDHZEnd (KA - 5FA, 2004), FHHRSLSKEOHE
A TEN e CICBR DD LB X bND, FRCY Y an
FHD &9 I[N T AEROR I HT-> TiE, BA%
AV ORFITEN Z 51T C, FERMET L, BHiREN
KBTI BRI ND, £2C, F2HTITERL
TV HRBRERBHME S AT L Z R aaF YT 0%
EMeTH DY T Y ¥ aF el YRR %
Rt Uiz, —J7, BEREHRRIIZER A REORE )
DAL 720 ERORAFRERL D Dne X
T % (Berlinger and Lebiush-Mordechi, 1996 ;it, 2007) ,
2T, #3HICIHBERESR S AT ADOFREFEA
Bilsh i fgt Uiz, BEREECld=a v IS
BN ODRDRUNERBRETHZ b, TnbER
HRERRE L CGRE L,

FE1E PRy FOEE
MHEBELUAE

1. A3+ >25=

ISAFH AT B L 2001 A FRE R AR STETIN
(B FAZ ) O b~ P BEEE L, FEBRER (25°C,
16L : 8D) TR\ TH ¥y (5 : WIEk) CTRIVEAE
LCWDEEREZ A L LT, "M 44 A7 B (§
i I A AR B AR &%),

2. BOGEVOEHTORER
BT R 2 FE M TAT W,
Lebiush-Mordechi (1996) O FiEIZHE~7z, T7206, B
By FCETICEFICHT 7o R U =2F LU FER (63
mm X 63 mm x 110 mm) O FMAZH NazFTT IOk
B (16~3788) Z AN (Fig.6), #\aa)F Y7 %%
195700 (EOENM) 2 RO (100 W) 2%
Z2DE20 em IZEE Lz, 4FEOBEWVORFHR R > K
(025 mm x 028 mm (N-5800), 0.38 mm x 0.38 mm
(PX-50), 0.55mm x 0.55mm (N-3230) 35X 0" 1.00 mm
x 093 mm (N-2220) : &1 Afbpk) #HERL, xHEE L
T 120 mm x 7.0 mm BAEWORF R > & (SH-25 : H
XS TAT vy TH) B LT, BBIIE R Y
MZ2WT 10 KIEfT- 7=, BETEREEN (25°C,
16L8D) |ZFFE L, 24 WEfit:, Béso B L O &N
aaFTT IREENEN AT, £, BESITERA
7210 BEO X Naat VT I OFE & o KIEZE K
IRFATEHEE T (SMZ-U: ==>) THIE LT,

Berlinger and

N

NN

LN

P -
110 mm Insect-proof screen

v / 63 mm

—>

63 mm

Fig. 6. The polyethylene box used to test insect-proof screens

without ventilation.

3. RO HHEHTDHER
HHIREEE L CRDH 5 &M THRERE 1T 72,100
SO Z NaaF VT IORBRE AN Yy —L (HRE 9
cm, X 2cm) ZEFEFR Y FCTERIZEDITHE LIDE
BAZ27 7 U V4 (80 cm x 80 cm x 200 cm) OD— 5 DD
A (@E32cem OEIEEFRYEELE (Fig 7).
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] ¥
32cm ] 1 20cm
= ¥ R
Screen an Gjlze

Fig. 7. The transparent acrylic box used to test insect-proof

screens with forced ventilation.

FNRaalTT Iy — LB S 5720 HE
WER (100 W) 23 v —L 5 60 cm FICERE L, 2
FEEOHEAEVWDORHRR Y &,

(N-2220: 2 A A4bak) 3 &£ T8 0.30 mm x 0.23 mm & 0.30
mm x 0.45 mm HEWD 1 51T O EIRE LR R
v BX-B:¥hk -7 RFTFvr) AL, RT
Bt R EME Lieho7e, RE (VPZ404201 @ 7
V2 ERE B 40 cm, B 84 m3/ min) & X Nam)
VI I LETATDON—EmET 7 VAR D—D
URICERE LTz, BURIIIRHH IR E CHE S D 3 B
(Level 1 : 0.49~0.73m/s, Level 2 : 1.41~1.63m/s ¥
F U Level 3 :2.29~238m/s) T2 KEIT~7-, #ERIL
RIB 26~29°C DENTIT - 1=, BT EEds THM L,
JRUHET (No.435: 7 A b—) THBEIL/Z, ¥ — LAk
& 30 DRIy v —LRNE Y —BHICHEI N Z N2
aFVT I OB ERZ T,

KRRy hOZARaa YT I OEBEROET2 T
BO @ B odTic Lo TR L, JRD 72T ORBE T
V% Tukey—Kramer HSD V£ CLELI AT, BOH D5
{47 Ci Student’s t-test Cr#s L7z, #atA#TIZIL IMPS
(SAS Institute, 2002) % V7=,

1.00 mm x 0.93 mm

R

1. BOLEVEGHTOHER

PFR v hE@im Li=Z a3 UT I OEEIE R
v METHEERZENRD bz (ANOVA, P<0.001 ;
Fig. 8), 025mmx 028 mm H-&V & 0.38 mm x 0.38 mm

HAWORF B~ M, 0.55mm x 0.55 mm HAVE 1.00
mm x 0.93 mm HEWILOREOP R v Mo
NaaF VI IPFROBBRIFRICD o7
(Tukey—Kramer HSD test, p <0.05 ; Fig. 8), fitikL7=4
Naa ) VT I OEEZ 0.87 £ 0.05 mm, HRMWENEE
0.28+£0.04 mm TH-o7=,

100 r
a a
S
1=} wn
=5 80 —I— B3
S 2 b
£ 3
g =
2 2 60 _I_
s 2
& =
L e
on @
s .2
tE 40
22
2=
S c
20 | ¢
0 g
0.25%0.28 0.38 X 0.38 0.55%0.55
1.00X093  12.0%X7.0

mesh size (mm)

Fig. 8. Transmission of whitefly adults through screens
of different mesh sizes without ventilation. The bars
represent standard error (SE), bars labeled with the
same letter are not significantly different (two-factor
ANOVA followed by Tukey—Kramer HSD test, p <
0.05) .

2. ROHBHEHTOHER

F—OFBA% v b CIERENREL 2> THiER Lz ¥
Naza}FoIZ I0ERIETEDLLRN -T2 (ANOVA, P
=0.212; Fig. 9), #xsBdxry MNHATIEa Y710
EIAITE 572 (ANOVA, P=0.003 ; Fig. 9), 0.30 mm x
0.23 mm/0.45 mm HA WO BRR > R Ei@E L4 a
27 2 OEIE1E 1.00 mm x 0.93 mm HAWORSHFR
v b ESRICHASERITD 220 572 (Student’s t-test, p <
0.05 ; Fig. 9),
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100 ¢ @0.3 mm » 0.23/0.45 mm
01.00 mm x 0.93 mm

Dcontrol (no screen)

80

60

40 F

Percentage transmission of
whiteflies through screes

0.49-0.73 1.41-1.63 2.29-2.38
wind velocity (m/s)

Fig. 9. Transmission of whitefly adults through screens of
different mesh sizes with forced ventilation. Capital letters
refer to significance of the difference between wind velocities
within each mesh size. Lower-case letters refer to significance
of the difference between mesh sizes within each wind
velocity (two-factor ANOVA followed by Student’s #-test, p <
0.05).

B

RS DKL TR, B LR O,
I DOREE, T AKZHORE: EAEMOEF IR E 728
A 5 %2 % (Bournet and Boulard, 2010), Z MD7=8HBhH
Fv NEBETLHHEG, BEVWETELETREL, »
D, FBHROBAEMINBFRR > b ERIRTHUNERH
Do

0.55 mmx 0.55 mm 3 L O1.0mm x 0.93 mm H &V & b
R, BORNWEHETICBWTHEILY Naa)F YT 2
OEBNV 27> =PI 025 mm x 028 mm HE (B
#0%) FLU038mm x 038 mm HAVY (0.9%) DFh
Bry FTho7 (Fig. 8), ZORERILIZNETOHE
L [FERECTH o 7= (Bethke et al., 1994 ; Bell and Baker, 2000 ;
W 5, 2005 ; KIFME, 2007), —75, 038 mm HA
WERFEE 0.30 mm x 0.23 mm/ 0.45 mm O H &V OB
MRy NEROHLGEETTRBRLLEZA, Y
102% (5.5~13.5%) DX "aaFT 7 IN@EBTHZ
EWRABMETe 5T (Fig. 9), LAEDZ &b, il
KURZEICRET DR > ME 038 mm BHEWIEY
EREROT b,

F2ff BEEXRHNATEFERTHEAED

7= IPM
MHEEIUVAZE
1. BF
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§H), 9 A 30 BIZEEH7Y 6 h— F (BkY47= v 2.8 §H)
EADOHF RO b~ b OBEIZH Y T,



BEREICET 23127 JEHOKRAHRE LT (IPM) (ST % 17

5. AEHE

= MEROD_EAL, AL L OVFALOE 1 HEEICEFA L
TepRaa b7 IR, 3 ERBLO 4 i LUF,
3~4 LT D) S L OWE s R A RA L,
MM -V EEE L LT, 4TADEI 2 (BEF8 KR 2o
WT 200449 A 16 H~11 A 25 HET5~14 BT
P Ulz, W s g 3~4 g3 o L THE
KaRDE, FAEAZLDOF AR aF VT I ORLHRE,
3~4 findh A KO A BB O SRR X D 21X
Student’s t-test (2> THEE L7z, FRBXOFHER =
L DFAERDFET 3~4 b & WFEN DL
Fisher’s exact test (2 J2 > CHulie U7z, HERHEHTIZIE IMPS
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Fig. 10. Illustration of (a) a tomato greenhouse with a
negative-pressure forced ventilation (NFV) system and (b) a
tomato greenhouse with natural ventilation (NV). The mesh
size 1 mm insect proof screen was spread on the roof and
side of greenhouse (a, b). The mesh size 0.4 mm insect proof
screen was spread on the intake duct and exhaust fan (a).
The ventilator operates between 6 o'clock and 18 o'clock

when it is over 25°C (a).
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e Uz, SEEHEATICIZ IMPS (SAS Institute, 2002) %
W e, FERFREEITR O XD IR LTz, FRFEEE 0 ¢
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FRE LKA 20 SRR TR, 6 R~ 18 FEO SRR B
10 A 2L OFHRIR AR LT,

BR

ZoRaaf VT I ORBEITRARRIRE, BARBK
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Fig. 11. Number of Bemisia tabaci adults per plant in the
greenhouse with a negative-pressure forced ventilation
(NFV) system and in the greenhouse with natural ventilation
(NV). The bars represent standard error (SE), and the
asterisks ( * ) indicate significant differences (Student’s
t-test, * p < 0.05). The arrows are indicated the days of
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Fig. 12. Number of Bemisia tabaci nymphs per plant in the
greenhouse with a negative-pressure forced ventilation (NFV)
system and in the greenhouse with natural ventilation (NV).
The bars represent standard error (SE), and the asterisks ( * )
indicate significant differences (Student’s #-test, * p < 0.05).

The arrows are indicated the days of parasitoids release.
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Fig. 13. (a) Number of parasitoids per plant and (b) rate of
parasitism in the greenhouse with a negative-pressure
forced ventilation (NFV) system and in the greenhouse
with natural ventilation (NV). The bars represent standard
error (SE), and the asterisks ( * ) indicate significant
differences ( * : Student’s #-test, p < 0.05; ** Fisher's exact
test, p < 0.01). The arrows are indicated the days of

parasitoids release.
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Fig. 14. Mean daytime (Am 6-Pm 6) temperatures every ten
days in the field, the greenhouse with negative-pressure forced
ventilation (NFV) system, and the greenhouse with natural
ventilation (NV).
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Table 4. The number of plants with various grades of black sooty disease in the greenhouse with negative-pressure forced

ventilation and in the greenhouse with natural ventilation

Greenhouse with natural ventilation

Greenhouse with negative-pressure forced ventilation

Grade Occurrence
Total .
1 2 3 lndEX
13 15 4 43 38.2
10 8 0 48 18.1*

Grade 0: no occurrence of black sooty disease, 1: black sooty disease on less than half a leaf, 2: black sooty disease

on halfa leaf, 3: black sooty disease on the whole leaf.

Occurrence index= {[(number of grade 3 plants x 3) + (number of grade 2 plants x 2) + (number of grade 1 plants)] +

(total number of plants x 3)} x 100

Asterisks (*) idicate signifficant difference (Chi-square test, p <0.05).
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Fig. 15. (a) Layout of the positive - pressure forced — ventilation (PFV) system: a tomato greenhouse with PFV. (b) Layout

of the NV system: a tomato greenhouse with natural ventilation (NV). Air intakes were fitted with (c) L — shaped covers in
Trial 1 and (d) an intake box in Trial 2. Numbers 1 — 6 indicate the locations of sticky traps.
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Fig. 16. Mean numbers of (a — ¢) whiteflies adults and (d — f) thrips trapped in the (a, d) field, (b, ¢) NV — 1, and (c, f) PFV
in Trial 1. Bars indicate SEM. V: Application of insecticide
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Fig. 17. Severity of damage to tomato plants by (a, b) thrips and (c, d) Lirtomyza sativae as a function of location in
the (a, ¢) PFV -1 and (b, d) NV -1 in Trial 1.
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Fig. 18. Hourly temperatures on 18 August 2006.
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Fig. 19. Mean numbers of (a-c) whiteflies and (d-f) thrips trapped in the (a, d) field, (b, ) NV-2, and (c, f) PFV-2 in Trial 2.

Bars indicate SEM
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BALRLTV, —F, BERBRHEHRIIER A IREDRK
H AR LHT 2O ERDORAFRBERL Y Dl
& ST % (Berlinger and Lebiush-Mordechi, 1996 ; 31,
2007), Z D72, FEir 1 O BARERIERE—1 TIE TYLCV
DOIRBERTEED 9 H & 11 2D B2 03, iffils
IRZE—1 TIX TYLCV OIREE TR TERIZA DAL o T,
IO L LBERBHIHRKIEEO 27T 7 IFHDEA
IR RIIE N EB N D,

E5 2 CIEAREIRE —2 T U7 IO B
MR2 N L7 (Fig. 19¢), L L, BACIT 10 Hi%
LIS L TV RN 2 v (Fig 192), 27973
HOBEIMITTIEAL TWEZa YT IFENEENT
Wi L7270 E R bNnD, SLED L5, BERTRE
PRIBEDOBAPLRITEm N b DD aF VT IFDE
ANIFERI T e B2 NS, 22T, H4EIIB
WTIRA LT3 2 7 ISR DB RIC OV TRE

DM e 0.4 mm x 0.2 mm HAWAMEH L2, &
HIKIBZE TIINE S VAR HORAZZRICPIE T
7= (Fig. 17¢,d)e ZOHEMEL LT, Py hOBEW

(0.4 mm x 0.2 mm) 23E 27 U ST ORKBTHIE (0.64
mm) (Bethke and Paine, 1991) LV /hEWebEEZ S
na,

—7, EHBKIEETIET I v~ RICLAHENA
SRR ANE B S -7 (Fig. 17a,b), 7HFIU~
DOIFEROEIX 0.19 mm T (Bethke and Paine, 1991), B
HEXy FOBAV 04 mm x 02 mm LW/ NS0, X
v hETORITTREALIZEZSZDND, ZOZ LixZE
K[KOBY AIUTT VI U~ DOFERKE Do &
bH bbb,
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BA4E FERIZKDHEMAIRGER

F Y A RFNTON T 2002 O IPM AR
BT (F2E), £/, PATYYaFIZonTLHE
PRI & BEHIRR T ICBWT (B3 E) ZhEnBhkR%
REBRF LD, TZODREIF+HHTHoT, ZOFREK
LT, IO FAEBDOITHRORE L E I EIERS
Y (Ambetal, 2009), FIHT DZFEHIT L > T
SNAEPENELN 2T REE L E X BN D, — T,
FEBRRRE L FEINRED BN T T 2 U A Y Y T3 H
JelpFEe L LCTHA SN, I —1y S Ciasic
L>o%H 5 (Huddketal, 2003 ; Stansly etal., 2005), &
IC, ARETIHELDIZZNS 3N EDFHITHE LT
WHOPEE LT GB1ED, RIZ, FFavhAYva
ANFOEIMTENTFE L SFHHNTWD A (Foltyn and
Gerling, 1985 ; Drost et al., 2000 ; Hudak et al., 2003 ; Ardeh
etal, 2005), Wb A A XA T BEXNZFE LD
DTHY, fhoaFT 7 IFHEIOWTIL, EYIRZ
L7z < D 0#iss (Heinz and Parrella, 1994 ; Greenberg
etal., 2002) CHE MRS BT L < FEIRT 2 & L7245 (Amo
etal, 2009) ZFRWCEHELWERIEAHI- G, &2
T, \LHiTIEA LY aF U TIEARSF AL TB L
NAFEZAT QD 1 fin~4 lipsh RUT KT D AFEDFEIIT
BOE N LT,

Fr oYY anFIERCA Y atFYIIo,
NI aANFEFF 2,V anFiiyaar
VIIDFEAEREL L TESHMBNTNDER, WTho#
At Aoy af oI It dNaabvI IoRFIC
%495 (Greenbergetal., 2000 ; Kajita, 2000), = D7
O, EEEOFESE FRHIHET 5 HFELRALNT
5% (Heinz and Nelson, 1996), ¥+ CTlidH o7 v
NRFLFFavhAYYanF, bE0EArvYy Yy
TANRF LRI Y aRFOREGHIBGE SN TEY,
S, ENTHZ ) LIZIRGAIDEAIND EEX BN
b, ZOE, BEEROFEREATET S Z L HNE
Lo TL 5, FI T, HBIHTIIA LYY anss
PRI aAnRFRBIOTF 2 U DA VY anFE2Es
BT B0 /L TF T Ly 7 XA PCR EEZBFE LT,

2T IFHOBFRITE RAEGIEOREIC L D EEL
{ZpoTWHH (1 E), BBANTERARE UTBBRED
DEOOESTHD, F, BEFETII= YT IMA
DS OFERGFAET B0, AL AT 2% B4
ZHON LD L TR LERNH L, HBAIDOKHEIZ

%t D BT OWTIL IOBC (EEA EEMEm I,
FriRE) RS T Y (ilxiE, Hassan and Van de
Veire, 2005), EHNTH AL VY a SF|(Z@ED /)
SWVFRHBADRE STV D (18FF, 20060), L, F
F 2P AAY Y ANF LRI asFIoxd 58 Hm
RIOEBITTAS DN TR, £, MAEMBEED~ A
a4 —)V® (Lecanicillium muscarium), ’>—H% L v 7 ®

( Lecanicillium longisporum) ., RH = H— K ES®

(Beauveria bassiana) 7¢ & HEEFRINTNDD, Zih
D B B R R IR B X AR DR T~ D ATReE D B 5
FIT, HARCIIMRREEE O & H 3% A & A
WRIR DTN D RO A R LTz,

E18 A2oYvvanF, 4/ 5V
NFBEEUFFaoh4 VY anFoOrEE
ROHE

MEBLUHE

1. HEBREELEY

FRAA R ERARBARFZEATY (FRRARAE E ) o 2 oI
ETHRBRAEIT o 72, | RO BRI EFIEZE (3.6 m x 28 m)
OWNERE AT AFIZLY 3 >OFREEX (3.6 m x 9.3 m)
W, RBRRKICEFEROF Y Yy anSF, Ry
VX aARTFEBIRTFF 2 U hA Y 2T &R x R
L, TNENEF X, EERBLIUEM X E Lz, ZOiR
FIARY I—RxA NIRRT, M RE &
BT TNb 7y a2 TABBARIC L 2R EIT o7,
B 1 BORRAY T 2EE (82 m x 72 m) FxHEKX
L, FERTHKE L) o7, TOREBT S 2T
NEREAR Ol 2R RE T, BEBHEARIC & 551 78U
B CHBRREIT T, MIREITEPEE N 25°CLL L THA
THLEIICERE LT,

HEBRNTIRD 3 EUT o7z, FER 0 20053 H 14 A
~8 A3 H, #ERER : 200645 H 20 H~7 A 26 H,
EZERBR:20044E6 H 10 B~8 H 4 A, BEEZRBR L YE
AEETIE, WX b~ b (B R E—2) 13e
v 77— WO BIRFERE O~ K (FIE 150 cm, £EH
30 cm) (2200543 H 11 BB X TR2006 45 A 19 A
16 Bi%& 2 FNZER L, *HBRIX Tl 24 Bk% 3 FICER L
2o BZERBROFERX T 2004 4E 6 A 10 HIZ b~ b (5
f o T AHCRER) ARy b (B 18cm, S 20cm)
IZHE 2, 16 R > b % 2 52~ (FIE 150 cm, A 40 cm),
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SHRRIX. T 24 ¥k 3 FNCIE 72 (FIIE 150 cm, KRS 40

cm),

2. AN\ FT5=

NAFZAT B (F R RGN EEARE) 2t
L7 U v—L (B 9cm, X 2em) NIZANTZ AN
T3S VT AKX L HIRIK O PR E LR L
Too ZNaaF VT IO A & AR Table 5
R LTz,

3. F&E®

EPREIRE L TEBEEINTWNWDETFFa A Yo
NF (RIS, PRI Y anT (TS — RS,
YR by T®) BLOA LYY anF (A b
Uo7® YR58 pvI—h— FeiE Lz, <
2= — RifEd 5 £ ClERsE 8C, BET) THA
MRE L, SRR CRYS-0 27— RERREO h~
FOEIEZRY T, £FHBR 4B LT, ~I—h—
ROFKE A & FAMO KRR Table 5 IR LT, A v
VY aARFIIE RNt UT INCFET ALY

AP VI IR ELEDLEINTWVWDL D
(Enkegaard, 1993 ; Huetal,, 2003), #IE#HERTILl—
NY7-0) O~ I =3 2 fEEDY Y37 VR L7z,

4. RERE

b= MED AL, HrE KO OEBOSEE
W) 3R [CoONWTE AT T YT IO, 3
~4 fingh 3, a4 sh B A NS TR A R LT
WEHS 6 W% E CHERE L-, WFEh s
3~4 R B TR L CHAER L RO, HlBrX 8tk L
RBX 1280 b~ &R Lz, IBENOEEIR, BA
LV (TR—T72S: 747 v KT 1) HiREFLORFS
1.5 m |[Z3% & L CHIE L, Table 5 IR O E,
HIEB I OEHRIEE R L, BAEL®IWEIZL
7= (B 15em, B3 20ecm) MNICH A L, BesldilE
KDI=DT N IFEEEES, BRLEII TH7R0 -7,

5. fRatfEMT
ZomaafyT I, ik, #EEES R X
Ot Ura s, s, RBRFE, a8

Table 5. Releas schedule of whitefly parasitoids and Bemisia tabaci in greenhouses

No. of Parasitoids release B. tabaci release Averege . Tomato variety
Trial Compartment temperature in and
(season) (Parastoid) Trad Number of Dat b Dt greenhouse (°C) lanted dats
Seaso rade name cards® ate Number ate (Min.-Max.) planted date
EF ‘
(Encarsia f ) EN-STRIP®  2(3.1) 20.6(8.9-39.6)
ncarsngormosa 2005, 2005
U (remoconseremicas) FRCAL® 208) 4ARL2LANL, 623 O 20.9(7.3404)  Momotaro-York
orin) re moce% 1;5[ eremicus ) 28 Apl., 13 May o Mar.,
‘ 2(3.1 721.7(11.2-42.! 2 11 Mar.
(Eretmocerus mundus ) BMIPAR 3D 55 5 Apl. U ) 005, a
Control - - (Control) 22.5(9.3-41.7)
EF T i 2062) 26.0(17.3-42.1)
(Encarsig ]Z:‘ormosa ) Uyaparari ’ 2006, R
2 . ERCAL® 2(3.8) 8 Jun., 15 Jun,, 26.3(17.1-42.7) Momotaro-York
(Eretmocerus eremicus ) 2006,
(carly EM 22 Jun,, 28 Jun. 7.6 20 May
summer) (Eretmocerus mundus) BMIPAR® 2(3.1) 25.6(17.1-40.2) 2006, 19 May
Control - - 25.7(17.0-40.4)
EF R
(Encarsia for ) EN-STRIP 2(3.1) 29.9(20.6-44.2)
carsia formosa 2004,
24 Jun,, 1 Jul.
(Eret LE cus) Sabaku-top”  2(3.8) 8 Jullml 6 J:l] 10 2004, 29.8(21.3-44.0) House-Momotaro
(summer) (ETe mocegﬁ[ eremicus - - 10 Jun.
(Eretmocerus mundus ) BMIPAR® 2(3.1) 29.5(21.1-43.7) 2004, 8 Jun.
Control - - 30.2(21.9-43.7)

* Per single release. Numbers in parentheses indicate number of parasitoids released per plant.

® per single release. Number indicate number of B. fabaci released per plant.
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Z BRI EUERE RO ZAT o 720 BARRIE D BT
DOFER, PR & HERE, WE L BRICHEEENR
LAV, 2 0D 7= 5 D Tukey-Kramer HSD test (& &
DRI L RBREE, RELZBEOAEEL IR LT,
ARBRRE R OFFHRNTIZIZ IMP5 (SAS Institute, 2002) % F
VW2,

R

1. HFHR

XD N3 2T I g B IERERBRAE 3 8 &
6 TN L7= (Fig. 20 a), shdEL 5B E 74
L7 6 BICIZAaE L (kX472 v 543 58) (Fig. 20 b),
FAESE A LZEFRE EERCldZ " aa) Vo Ik
M DORE 2N <, SiiTEEeMITMm L7 (Fig.
20a, b), EM XIZ 3 & 6 X Naa) T I pihisk
RN L (Fig. 20 a), 6 ICHA (R4 7- 0 34.5 58)
Lot (Fig.20b), WINDOROPE AL BT &
A EHEIMET, 6 T OFFASRIL 15.8~27.3%I2 72 o 7= (Fig.
20¢),

2. MEHER

KIBX DX a3} 0T I A IR 3 18 H>
DAL, 6BITHRMS=Y 14.188E 720 (Fig.21a), b
HUEE 6 I 28 UIKY 72V 35,658 & 72> 7= (Fig. 21b),
FEEE B LXK TIE, 3 aath YT IphKT 3
LR RXIZ B~ 72 < (Fig. 21a), $hihdkid 3 i8I
BRERSTD, 0%V LTz (Fig.21b), #EFAES
BETDTMTHEML, RAEMMT ORROFAERIT
20.5~42.2% (Fig.21¢c) Th-o7=,

3. EFHE

PSP A i b A AN ALY QLY (R vl
% 2 ELBRIEEINL, 6 EICENZIUESTZ D 102.1 §H,
6598 L 72 ~7- (Fig.22a,b), EF X & EM X T34 =2
:+y§ 2 OARE, ShiEE 2~4 SEIZEM L= 6

WZiXB L= (Fig. 22 a,b), EE XK TIE# Naa)F v
\EJZE%I THRL, SHEITRERRK (RE72 463 80) &72
» (Fig.22a), $hiiX 3@, 4 BTN L= 5H, 6
W2 U7z (Fig. 22b), #F AL BEITRECHINL,
6 WV T A AR 69.6~89.2%2 72 > 7= (Fig.22¢),

4. fREHARAT

3 FEFRABOERBRKICB T 5432207 Ik
e, Shidg, WAL B LU AR A i L7
BITESYBONTORE R % Table 6 1R LTz, 433 aF Y7

AR SR, R &R EEIH CHEICE
v, SHRBIIREEIC L W ERICRE o, %ﬁ%ﬁl:@&
NazafPT I BB RICEERICD o T
(Tukey — Kramer HSD test, p<0.05), #/322}+ Y7 3
RBEIIEZ, 5, NERBROIETHEILZ) -7
<0.05), EF X & EE XKD X "aa)t YT Jgihiiid, xf
FRIZLE~AREICD 22 < (p<0.05), EF KiX EM Kk~
HE\D D o0 (p<0.05), PIERBROZ Naa)y
7 I, BEEAER, EERABRICIESHRISD )
o7 (p<005), WEENDRE L FERT, FAEGORE
CHEBRZETR, R LR cRRIC R,
o7z, BFERBR L OERBROW A B L FERIT
BZHRBRICIE~NE BRI 5 72 (Tukey — Kramer HSD test,
p<0.05),

BT

A A R L7-EFIX & EEKI3Z 82 a1 Y T Ik

B LGB E BRI RIS RN & D

(Fig.20a,b,21 a,b,22a,b), A VY ¥ a/)F L4
7YX anxFIINTNOEEH G ¥ a3+ VT I Ok
WIHFIATE S EEZ DD, EM RiIFNaaFv I3
DRCRBUISRKIC AT EIZD o728 (Fig. 20 a,
21a,22a), ShRBUIHRX & B ERZEDTD HiLied o
7z (Fig.20b,21b,22b), FFREROFHKIRIT 21.7C,
HIERIRIL 112CTH -7 (Table 5), FF 2 A V¥
aANFOFEERT 200CLLTFTIHETT%729 (Qiuet al,,
2004), BEEOKIRILT F 2 U H A V¥ aFORRIEE)
WIHE ot EBEZBND, —F, FERIT25CLUET
XV &£<HFEL (Qiuetal, 2004), A VY a S
I 30CLLETHIEBIAFRETH D (IaF:, 1995), Lan
L, #\aah U7 IOMEESE (Ro) 1X25CHRbE
<, PHIHEREER (1) 1 30°CTL Y &V (Yang and Chi,
2006), BEZFHRBROFHIFIRIZ 30°CT (Table 5), HEFH
BROWREN BRI, FERITE BICERLMEICHAE
BITE ST, FEMOMIEN Z N0 aFT5 I O
FEITBUN DD 72 T A REME N B 2 b b,

INHDI END, FEEDOYIEOBREIT TR
OFAEEFA L CHLBRIIFTETH L0, FELES
WEBAREIRNEL Y, ZEINCE D KRE S BRD NS

(278 o 7, FAEMDFR AT HOWTIRE 5 ETELET 5,
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Weeks after parasitoids first release
Fig. 20. Mean number of Bemisia. tabci (a) adults and (b) nymphs and (c) parasitoids and the parasitism rate in spring
trial. The lines indicated the number of B. fabci adults and nymphs and parasitized B. tabaci nymphs and the bars
indicated the parasitism rate. The arrows indicated the parasitoids released days. The bars represent standard error (SE).
EF, EE and EM indicate Encarusia formosa, Eretomocerus eremicus and Eretomocerus mundus, respectively
Early summer trial
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Weeks after parasitoids first release

Fig. 21. Mean number of Bemisia tabci (a) adults and (b) nymphs and (c) parasitoids and the parasitism rate in early summer
trial. The lines indicated the number of B. tabci adults and nymphs and parasitized B. tabaci nymphs and the bars indicated the

parasitism rate. The arrows indicated the parasitoids released days. The bars represent standard error (SE). EF, EE and EM

indicate Encarusia formosa, Evetomoceru eremicus and Eretomocerus mundus, respectively
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Fig. 22. Mean number of Bemisia tabci (a) adults and (b) nymphs and (c) parasitoids and the parasitism rate in summer trial. The
lines indicated the number of B. tabci adults and nymphs and parasitized B. fabaci nymphs and the bars indicated the parasitism rate.
The arrows indicated the parasitoids released days. The bars represent standard error (SE). EF, EE and EM indicate Encarusia

formosa, Eretomocerus eremicus and Eretomocerus mundus, respectively

Table 6. Repeated mesesured ANOVA tables for comparison of effectiveness three whitefly parasitoids on Bemisa tabaci adults,
nymphs, parasitized whitefly nymphs and parasitism rates

Variable / Source of variance d.f SS F value P
Number of B. tabaci adults per plant
The species of parasitoids 3 4.723 15.808 <0.0001
Week & random effects 5 0.779 1.564 0.184
Season & random effects 2 10.406 52.242 <0.0001
Erro 61 6.075
Number of B. tabaci nymphs per plant
The species of parasitoids 3 2.165 9.608 <0.0001
Week & random effects 5 1.564 4.165 0.003
Season & random effects 2 3.383 22.517 <0.0001
Erro 61 4.582
Number of parasitized whitefly nymphs per plant
The species of parasitoids 2 0.029 0.228 0.798
Week & random effects 5 6.076 18.944 <0.0001
Season & random effects 2 13.420 104.597 <0.0001
Erro 44 2.826
Parasitism rates”
The species of parasitoids 253.028 2.028 0.144
Week & random effects 5 8306.620 26.636 <0.0001
Season & random effects 2 8441.770 67.673 <0.0001
Erro 44 2744367

a) Parasitism rates was angular transformed followed by repeated measured ANOVA.
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F28 FFaoA4AYVIANFOERTEH
MHRRUAEE

1. OFPS38

2006 FICEFHHRE EEHORNA v F TIEEN L
FLIANAaFOTFTINS FEALTQLELTID F~
MEENLOEE LAY a -V I I B0, 44
A 7B (FHi R A EE IR 28U, A
FHAT BIISMEX DX ¥~ (0 GIFK), A A
A TQITA 7 v (W F—RA h 3 U LITF)ID,
FrvvaFrIAFAny G REA T UFER)
TENENFAE LT, b~ b (@b PkRERE—2) @
IINBE 24 BUTIRIARRERE (ONA R FR > 7 A®, 1000 EAFR)
ZMZ TR LTEBAREAR R 2V (4T A%, 10 cm
x25cmx5cm) (ZHL, FERNZ20~30BHD )T T 3
R B AHE L, fE7—Y (18cm x 44 cm % 35 cm)
WNT2 BREMER L7, 2CoarY T JMERAREZERY &
&, AP YT IFEOINFEIN ST N ERMOEE 7 —
JIKBL, bLshmzEBicfiit Lz, £/, & C
OFEY) & 2 -7 JFIEREN (25°C, 47%RH,
16L8D) THIB L7z, 2V 7 IS HEmIERORE S
NBHETL7= (Table 7).

2. FFaOAhAYNANTF

AR L LTIRGESNTWA T Fa A Y an
F (RIN—®) DI —I— KD~ I —DET DI
> THZ A% (DA 10 mm, A 21 mm, &S 45

mm) I 1 71— FE AR, fEIREN (25°C, 47% RH,
16L8D) (ZEEPUL Lok A MEA LTz, U T AE DRE
& B COFAMROT & L CTgE A 5~8 172,
FEDNRRERILE DB OFEIMTENI S EL 52 5729 (van
Alphen and Jervis, 1996), FEIRARRERDAZSR U7z iERk
(1~2 B 2RI U7, B3 EE% 18-
WTa U7 IO R 1 HAEE S, BBRoZONC
FLOWEARICH LW Y7 ISR E 5 27,

3. /EAE

TGO M A/ NS H—F 28 (i 6 mm, &
S30mm) (2 1TETHOAN, FAN=maF VT IETA
Yy arY 7 Iofk (L, 26, 3, 4 ATk
K4 e i) oS i 1 BN HFE LT b~ FOFER (1em
x5cm) RIZH—F WENLFERERB L., EITE
ZHICEEATE 2 L9 ICARORE (RS 10 cm, HE 2
mm) (ZA Y Fg =T~ LY s LEER] R
ARy F:a=y) TaroI I\ENBOHFEL TV
WIER ZHEE LT, W/EMOEIMTENE, CCD AT

(IC-A digital CCD : Leica, Solms, Germany) & DVD L
a—4— (DMR-EH73V : /3 Y = v 7)) & 723K
PAMEE (MZ125 : Leica, Solms, Germany) “CHkHE L7z,
FEKN aF T IFm» o TREER L2t 128
W72 pEIMTE) (Fig. 23) (206> TITEN T DAk F ARk L
7

FAERNEIVTEIO | £72132 O (Fig.23), 2+

Table 7. The body sizes of tested nymphal instars of the Bemisia tabaci B and Q biotypes and of Trialeurodes vaporariorum

. . No. of whiteflies Mean length Mean width
Whitefly species Stage
tested (mm) £+ SE (mm) £+ SE
first 6 0.26 +£0.01 0.14 £0.02
second 14 0.30£0.01 0.18£0.03
Bemisia tabaci )
) third 17 0.50+0.02 0.31+0.05
B biotype
carly fourth 17 0.61 +£0.02 0.38 +£0.06
late fourth 6 0.68+0.02 0.44 +£0.05
first 17 0.25+0.004 0.15+0.01
second 23 0.32+0.01 0.19+£0.03
Bemisia tabaci
) third 20 0.47+0.02 0.28 £0.07
Q biotype
carly fourth 11 0.63+0.03 0.41+0.08
late fourth 11 0.65+0.02 0.41+£0.07
first 5 0.24 +£0.00 0.12+0.03
second 8 0.41+0.03 0.20+0.04
Trialeurodes
) third 30 0.56 +0.01 0.32+£0.07
vaporariorum
early fourth 13 0.71£0.01 0.40+£0.04
late fourth 5 0.73+0.03 0.48+0.18




30 LB TR JE T ISR RS 5 9 &
T IE SEENT A IIREIN AR L LT L, HE 4. oM

e SFEIMTEND 3 ITHEATZYATE (Fig. 23) HEZ=T
ANFELIZEHIE LT, EIUTEIO 1 226 4133RD &
T AT 2 ek L=, () F7Iv 7 aF
T IFESNHO_LIZDIXY B Y 2 LR Sl T
FUT7IEMLATE, Q) Fu—v s aFUIIE
DOIRO FIZEIVE 2 AT 5 1= OFEFRITE, (3) BEYH :
PEINE 2R AN Lk U CIRER EET TE), (4) ~—F 07
BHTa YT ISR OF OIS E M ATE), FEK
MEBRIZEIF L2 Z Eida o7 JFMYBOTICEINL
7O KV EERR LTz, FEOZITANRT 3) OEIi%
ST LB s RIS Uiz 2 AN TR LT
BH U7z, $BRIIEES (25 °C, 47% RH, 16L8D)
WTH ~ 7z, 2B 1 BEICK LT YT I EShH 15
Ehz, a7 YT IFYROERIT 5 BEND 30 BHOFFAE
A LT,

Walking

\
Encountering a host

A 4

l (Drumming time)
1 Ascending the host
and turning
drumming the host
with antennae

v

Rejection

(Time spent searching

Tota for an oviposition site )

handling
time

\

2 Probing to insert ovipositor
under the host —

y (Oviposition time)

3 Laying an egg
under the host

v (Marking time)

4 Withdrawing the ovipositor
— | and drumming the dorsal part —¥
of the host with hind legs

6 Walking
away

A

5 Preening the
antennae and legs

v

Fig. 23. The sequence of behaviors shown by an
Eretmocerus mundus female while searching for and after

encountering whitefly nymphs.

FEOWMBIZITANEL NI reTm—vr 7%
DHFRFDEGRIIR AT ¢ v VT Ea@mtr e Aniz, =
VAT 4 v VBRI ORER, FEOZTANEEIT
HEER L FFRHOMCEEREEN LN XL, H
A “RIREEIT - T-#1Z, Ryan’s test (2L 25 ZEHE %
1Tolz, FEimEFELER L L TEITERMZ 2 ER D
RO LY R LT, B FEOR—HH], R il
DI TENRER D FEg 1% Tukey - Kramer HSD test F 7213
Student’s #test ME & V2, ARG ROMEMEITICIL
JMP5 (SAS Institute, 2002) % U 7=,

RS

FF 2T HA VY anNFOFEOZIT ANEIIFED
B THEBERET -T2 (VAT 4 v 7 ERS
Br: x2=0313, df=2, p=0.855; Fig.24), ZFEOHHH]
THEILR -7 (0 PRATF 4 v ZEIRBDIT : x2=
22.599, df=4, p=0.0002), A FZ AT B (A _F
WE, x2=4.674, df=4, p=0322) &A v vary
T3 (WA ZFERE, x2=2353, df=3, p=0.503) ©
FEOWMBEI TITEERZT Do Tm, "M FH4A47Q
THHFEOMBCTHEREICRARY (W1 ZFRE, 2=
13.514, df=4, p=0.009), 4 EZHOLHROZITF AR
IR NE RBITE) > 72 (Ryan’s test, p<0.05) (Fig.
24), Fiz, Ay aFTT IO 4tk RICIE
JEL7eh o7 (Fig. 24), 728, £TOHFAEEON 14 A
B 4.7%) BAEARNT 4 —F 4 7 (FEERER) %
177,

FFa2aUNA Y aANTFREEELETT THNELINZ
T FERII T - SRR SNE, FTI v
JHOFFEGRIFEOME CHRBICRE 20 (1
VAT 4 v VBRI 12 =34.664, df=4, p<0.0001),
FEOFRE CIFBERREN ol (@Y AT v 7 [H
JEOMT : x2=1.240, df=2, p=0.538) (Table8), A
Y aFTT I AR T OERIIE TR IS
BIZH LT (Table 8), & CORED 2 #ipLL DS Iz}
TOHHRFHEERII T I 7 %I n - 7 %o
FFMED T (Table 8), 72— » V%D EFIELERIC
FEOHGEFRIIM T & bIZEB Lol (BVRT o
v 7 BRI AT x2=6.656, df=4, p=0.155, %
I X2 = 1367, df = 2, p = 0.505 ; Table 8),

FF 2TV aANFIA Y aFTT I 4
BHIDOGH BRI LT KT I 73 Th7 o7z (Fig. 25
a), TNLISNOREIZH 5 KT 2 v FREITFEOmmIC
Bb & HEEORM TN > 725 (ANOVA :F 2, 161
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123€E4 L4
B. tabaci
B biotype

123 E4L4
B. tabaci
Q biotype

12 3EL4
T. vaporariorum

Host stage

Fig. 24. The acceptance rates with Wald 95 percent
confidence interval of Eretmocerus mundus for different
nymphal instars of the Bemisia tabaci B and Q biotypes
and of Trialeurodes vaporariorum. Bars labeled with
different letters differ significantly among nymphal instars
of the same host species (Ryan’s test for multiple
comparisons, p < 0.05). There were no significant
differences in B. tabaci B biotypes and 7. vaporariorum
(Ryan’s test for multiple comparisons, p > 0.05). The
numbers of parasitoids tested are shown in Table 7. E4 and
L4 indicate the early and late fourth instar stages,
respectively.

=0.270, p=0.764), TED#H TITHERIZE R T (F4,
161 =5.009, p=0.0024 ; Fig.252a), A A XA 7 QD 4

RO RIZR T2 R T I R, 1l e 3 e
I EE~FEITE D o 72 (Tukey - Kramer HSD test, p <
0.05 ; ANOVA : F4,68=3.337, p=0.015 ; Fig.25a),

Te—CrRMEFEOMB TAEREZIT L

(ANOVA : F2,161=0.051, p=0.950), FEDOEETH
Bl o7 (F3,161=14.145,p<0.001 ; Fig. 25b), /3
A A Z A 7B D 4 EEES IR 5 7 r— e SR
W1, 2 ik £ O3 s RIS LA IS E ) o 72 (Tukey
- Kramer HSD test : ANOVA : F4,55=6.511, p=0.0002 ;
Fig. 25b), /S A X A 7" Q D 4 DRI & % HIHh Bi%t
UC, 1, 2, 3 #gh UL ~E EICE D - 72 (Tukey
- Kramer HSD test, P<0.05; ANOVA : F4,68=13.886, p
<0.001 ; Fig.25b),

PEIRIRFR I L& E OB CHERZEILA LN T

(ANOVA : F2, 161 =1.548, p=0216), FEOMmE i
BERENL LN (F3,161=2.7626, p=0.044 ; Fig. 25
Co A AZAT B OEIRERIE, 2 5L 3 Hinshdutl
4 IR CHEEICE ) o (D L ICEHFEOM
fti] C Tukey - Kramer HSD test "L, p<0.05 ; ANOVA :
F4,55=3381, P=0.015; Fig.25¢),

=X IITENIA VY U T I TR SN
Motz (Fig. 25d), v —% v ZBMZE 0@ THEE
775X 72 o 728 (ANOVA:F 2, 161 = 0.009, p=0.991),
FEEOBWB CHEICE 2 >72 (F 4, 161 = 5.006, p =

Table 8. The host rejection rates by Eretmocerus mundus for different nymphal instars of the Bemisia tabaci B and Q biotypes
and of Trialeurodes vaporariorum after completion of the drumming and probing behaviors

Host rejection
No. of . L
. . rate after No. of probing Host rejection rate after
Host species Host stage parasitoids . . .
drumming parasitoids probing (%)
tested
(%)
first 22 91a 20 15.0a
Bemisia tabaci second 24 333a 16 63a
crisia fbact third 2 1822 18 22a
B biotype
early fourth 20 300a 14 214a
late fourth 8 50.0 a 4 25.0a
first 27 370 26 269a
o ) second 29 24.1 ab 22 13.6a
Be:”s“’ tabaci third 23 130b 20 50a
Q biotype carly fourth 17 17.6 ab 14 143a
late fourth 15 533a 7 429a
first 16 12.5b 14 143 a
Tvialeurod second 13 46.2 ab 7 Oa
raeuroaes third 30 467 ab 16 0a
vaporariorum
early fourth 13 38.5ab 8 125a
late fourth 5 100 a 0 —

Values followed by different letters differ significantly among the host stages within a host species or biotype (logistic

regression analysis followed by Ryan’s test, p < 0.05).
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0.0024), A A X AT BT HY—F 7ML 3 1998), FFavhA Y ¥ aFoOEIMTENL, §Ek, 3
SRR bR <, 1A R b -7z (Tukey - DI BT =AY (Foltyn and Gerling, 1985 ; Headrick

Kramer’s HSD test, p <0.05 ; ANOVA : F4,55=3.243, p=
0.0185 : Fig.25d), A A XA 7 QIZxtTH~—F 7
BRI F EORM CHERRZEN 2o 7- (ANOVA : F 4,
68=1.615, p=0.181),
INAFEZALTQENAFTEATBOD1IREBLOA A
HAT QLAY aF VT IO IMORIEINRR 4
NLHE, WTINAAA T EA T QBAFEITEL, Toff
CIXPEIR U 7o B AR M DA PE DRI L %7 E OFE R T2 372
< (ANOVA : F2,161=0.472, p=0.625), ZHEOHMT
ITHEEICENH -T2 (ANOVA : F 2, 161 = 17297, p <
0.0001) , 4= COFEDOF RSN HIZKIT 5 HAFEIRRFHE 23 <
7257 (Tukey-Kramer HSD test, p<0.05; /XA F %A 7
BF 4,55=7820, p<0.00l, "AAHZAFQF 4,68 =
17.556, p<0.001, A>3V =255 3 F3,38=3.005, p
=0.042 ; Fig.25¢),

EZ=
FAMOREIYTEN I £ - FIEF T 5 (Vinson,

100 Drumming time

80
60
40 Aa Aa Aa Aa Aa
20 a Ab
0

Drumming time (s)

Z 1000 Searching time (b)
.g 800
Aa
o0
E 600 Aa Aa
g 400
[-™ Aa
200 Ab Ab Ab Aa A
0 | ey 1
—~
< 1000 Oviposition time
E 800
é 600
. Aab
-§ 400 Ab. Aa Aa Aa Aa Aa
K 200 Aab Ab Aa AaAa AaAa
& 0 I“‘I—l—l*ftl O e i I e il B
123 B4 1 23EI14 123EIL4
B. [ah.aci B. tabaci 1. vaporariorum
B biotype Q biotype
Host stage

Total handling time (s)

Marking time ()

etal., 1996), Ardehetal. (2005) I% 5 DIZHI4 LTV 5,
AMFFETIE Ardeh et al. (2005) (285 Miffic ié#f
OT7ua—Err] & IHFEICEIDIEST, ZOEI
filfAIZ X VRS OITENIRAREIC T A 2 2:75>l%ﬁfz§>
ST s, [Ta—vr 7] OOE>OITEIE LT,
F7=, [FEINE DR & FEIN) ICOUWTUE, A FEIN
BAEFAN L CODRHINGE A2 (TR S &AL, BEIRRRICIT
NEET 2 B S 7RV R FMBIER ST 7D, TREDNAE Dffi N
& TRERR] (o0, TREPRE OIEA) 1T [Te—e )
IZEWDTZ, 96T, ARFFETIE, [RIIv7), [T a—
vr s, TR BEON [~—F%2 7] 04202050
THREL,

FF2THAY X aANTOHEELE L THNNaaFTT
ATV aFUIILVBELCNDHEEZLR T
b, Tl z2IE, ZaarvT TR AHAERITA
vYaFUIIivE<, BEERLEW D R, HiRo%
FHIMGELS, fhoFmbRENEMEINLTND

(Heinz and Parrella, 1994 ; Greenberg et al., 2002),
20 Marking time (1)
Aa
15
10 ABa
Aa Aa | Aa
5 Aa Aab Aa
Ab Aa AaAaBa Aa
0 1 1
1000 Total handlmg time )
800
600
Ab
400 ABb Aab
Ab Ab Bb Ab B
200 ABb
0
123 FE14 12 3 F414 12 3 E414
B. tabaci B. tabaci T. vaporariorum
B biotype Q biotype
Host stage

Fig. 25. Time required for behavioral events. (a) drumming time, (b) probing time, (c) oviposition time, (d) marking
time, and (e) total handling time of Eretmocerus mundus on different nymphal instars of the Bemisia tabaci B and Q
biotypes and of Trialeurodes vaporariorum. Values are means + S.E. Bars labeled with different capital letters differ
significantly among host species or biotypes; bars labeled with different lowercase letters differ significantly among
host stages, except for the late fourth instars, within a species or biotype (two-factor ANOVA followed by the
Tukey-Kramer HSD, or the Student’s #-test for L4, p < 0.05). E4 and L4 indicate the early and late fourth instar

stages, respectively.
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Greenberg etal. (2002) & # /a2 T7 JIHT %4
RIIA Y aF T IO 34 %T, BEELH Naa
FTTTID I%II L TA Y aryT I T
199% Ch oz Lt LT\, —F, FAEMRIZEINR
BRI & DB B0 H AP EEE IR T E 5 581213%F
EMeDFARNFEICL YRR ENHEINTND
73 (Cornell and Pimentel, 1978 ; van Alphen and Vet, 1986),
ARBCIIE RNaafroIIeF v yarvT Iof
TEHAERICHERZITGED Do T7- (Fig.24), 2D
JRIANE, AR CIAEEINARRBR OB 1 BHIC 1 @Rk =
FTUT IR EMER L2720, BIROSHNRL, Th
FTOHE L BB DERVBEONTZONE LIV,

FFaThAIYanNFIIE " aaf 7 IO 4
HIZKT HHFAEFD RN ERE STV DHD (Urbaneja
and Stansly, 2004 ; Qiu et al., 2004), AFBRTH 4 fintk
HOFEDOFARIIIEIRN HICEA~NFEIKL (Fig 24),
INFETORE LR UFMFRTH T,

Table 8 (TR LI HEHBERERD L, FF 20Ul
YaANFFEICRT IV TR LT a L e L
TRITFAMNDNEI DL TV D LS IZAZ D, ET,
TN B 5 A &Il L= S S I EIM TE A B D
WZHIEL TWD, FAEDOEIMTENIFEDORKE S (Salt,
1958) AL DY » 7 A[4y DEL Y (Muratori et al., 2006)
DERELTNDEBZLNTNDN, TOFEMITRET
H5,

FHELEREZO KT I I LEINE T £ CTOREIN
BERIIWVTIUSIN TS 4 Hnghih (288~522 7)) 23 b
&<, 1~3shh (96~231 F)) Il TRI 2~ 5B R
Motz (Fig.25e), S AX A7 B & Q Tldd4 o7 1
— B TR 1~3 g izt~ R (Fig. 25 ¢), £k
HHRIZH, 4 B RIFEICEZ L TND I Ehn, #F
FEELEORMIH, T, FTF a2V Tasso
PEONRE IS L, AN THH72% (Gerling etal., 1998),
T LRV IREICEAT 2 Z e 3R E b 5

(Ardehetal., 2005), ZD7=th, 71—t 7RI
mu, HMEIIRERIIRL RolotEZ OND,

% < OFEITLRFAELERT 5= DEIEROFEIC
— 27 %2155 (Vinson, 1998 ; Nufio and Papaj, 2001),
FF 2T AA Y a T OEGEITEINEOFE L %M T

M RI7IVTOBEIZ~—27 %2175 (Ardeh et al,,
2005), Buckner and Jones (2005) 1%, Z OAbZEWEILE

AR DNGENE 12 13RI D RERIDIRD B 53 S iz A
FIKET V7 2 L JEE (additional lipids) DEEW TH
HERELTND, KAFETIE, ~—F 2 7178010331
FHATBENRAAZAT Q THEINTN, Ay

o U7 I IS ) o7 (Fig 25d), Z OEE
OB OFERIC OV ISR OBRF EREB TV,
PEDEBY, FFauhfyYannFiig aar)
CIINAFEAT B, NMAZATQELVOA LY
AFTTIDOWTNGLFET LA, Elnshh X v EES
MAGfie 2 ENRH GRS T,

FE3H DNAT—h—ZRAEFLEEOHA
ik
MHEBELUVAE

EEER L LTIRFB SN TND AL Y anF,
PRI aARTFEIOTF T2 AV vanFrzHn
72 (Table 9), FHAEKD~ I —H— K&~ I —DED D&
Yo THT A% (ANER 10 mm, AR 21 mm, &S 45
mm) PIZ 17— F& AN, HEIREAN (25°C, 47% RH,
16L8D) THAFL, PIUL Loz 1 KT 0.5mL <
A7 aFa—THIANT8OCTRIF L, 72d, 3
I ANTFRBIOTFF2UDA v anFiL, REFIC
SESIHICREIZ L 0 MEER R 21T > 7, 72, ;R & L C,
TH )= NVRIBRIFE LA R aa YT O 4 XA
TBBLUQ RLVA LY aF T I g A= (Table
9,

7' A ~—ORFHIEBEE RS T — & N— R
INTND Y ARY —L RNA Es K (DNA) Ok
BB % Tl T o7, W7 —Z 3 FFav i1V v =
X F D 18SIDNA  7» & 58SIDNA @ fH #§

(AF273631-AF273636) B L N4 v Y ¥ anso
Internal Transcribed Spacer 1 (ITS1) fEk% & ¢e, 18SrDNA
D 3REEN S 5.8SIDNA D 5 R uHIZ 23T T O FE

(AY615782- AY615783) Th 5,

&4 = & 12 Wizard® Genomic DNA Purification Kit (7" 12
AH) 12 LY DNA I ATV, FREEIIZS 5 72 DNA
13 Tris-EDTA (10mM-0.1mM, pH 8.0) ¥&i& I fE L T,
LIt D PCR BT HEA L7z,

PCR il 1 KEd 729 dNTP 0.2umol/mL, 4577 A
47 2 DNAO.5SuL, ExTaq (¥ 71 7)
02unit, BIORFM N> 77 —1075D | B 5T, &
10uL DK+ T1T > 72, PCR KISIZIE iCycler h——~+
NYATT7— (A FT v R) ZHW, 94C3 55014,
94°C30 7, 55°C30 %, 72°C60 BDH A 7 /L% 35 [alig b
WL T=#%, 72°CT 10 s3ffREF L7z, I8 L7- DNA Wi fv
X TAE FEERF D 1.5%7 Ha—A7 v BT 100V T
40 HEEXIKE (T CTHlL, =F VLT a~v A K
RIRCYeBA%, UV B T CAY RRY — U B LT,
R¥, B LT=7 T4 ~—COMIEHRIZHL D, IDNA

~— 0.2umol/mL,
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Table 9. Strains of whitefly parasitoids and whiteflies used for this study

No. of

Species Strain* Supplier females No. of males
Encarsia formosa Tsuya-Top Agrisect 16
En-Strip Arysta LifeScience 16
Tsuyakobachi EF30  Syngenta 16
Eretmocerus remicus Sabaku-Top Agrisect 12 12
Er-Card Arysta LifeScience 8
Eretmocerus mundus Bemipar Arysta LifeScience 8
Trialeurodes vaporariorum g**
Bemisia tabaci B-type g**
Q-type g**

* For parasitoid wasps, strain names are commercial names.

** Sex were not identified.

D 288 ok A HEE T 2RANR S I A4 ~v—

(D3-4046F 13 L. UV D3-4413R ; Gillespie et al., 2005, Table
10) % fAV 72 PCR 12 & > C DNA fliH &Rl L7z, £z,
5 BV HEIE DNA TR 28 ITS1 88350 & 5 i 57
O, ALY ansnF (AN yTCBLITY Y
ko 7®), AT YanF (Al — RO LA
7 Ry 7®) KR 1 BRSO, FFavhAYran
F (NI R=R) D2 {EROEEIE DNA Wi O ARG
Z IR IETHRE LTz, EREPCR SR TAaE30pL
DR T CTHINE 24T - 72#%, MinElute PCR purification
kit (F7 7)) ZAWTHRLIZbOZ##HE L, PCR
THWE 79 A4 ~—%fH L T BigDye® Terminator v3.1
Cycle Sequencing Kit (77T A R/NA AV AT K R) (1T
FVYA TN =T 2 AREEAT 2T, TEEES| OB
FEICIZ ABI PRISM® 3100 Y =17 4 v 7 7 F 74 #—

(TFFA4 AL F AT LX) ZHWE, S50 T-1E
HEFNIEBE RS T — & N—2ZB Wit s s
BLAST (2 X W B DI 217 - 72,

fmR

DNA ZlH L7293 X COEEIZEW T, D3-4046F 1
JO'D3-4413R %V 72 PCRIZ & » CTHENRED D R T
i, ZOZ LMD, DNA I CE L EEZ LN,
Y 3T D 235bp OFEKAHIE S5 L H I
it L7= 7 F A ~— (BfF 38 L O EfR ; Fig. 26, Table 10)
IZ& % PCR DS, A0 o a"F e (I8 E Y
#J 250bp DOIGMEWT A FER S T2y, FF 2T A4 V¥
aNF, YR anFBLINa ) UT IFATEHEL
HIENERTERhoT, FF a2 AV vannsFo
527bp ZHEIET 5 L OITRFI LT T A ~v— (EmF B &

UVEmR ; Fig. 26, Table 10) (&% PCRICE ST, FF
2T AT ANFEB IO AT Y 2 A F O TR
500bp @ PCR FEM) DYEIR TR TE, FI BN RIX
PRI anFoIFd BRRENT, —FH, Ty
VY anFE LN YT JHECITIEED IS LN
Rhoiz,

F Y aRFTILEF & ER B L OEF & EmR
IZE > TR BN 2 TEHOMEIE DNA Wi &, 7>
YanFLFFaUuhAY¥aFTiLEmF & ER (I

EmF
EfF

18S 5.8b

S <

EmR

Fig. 26. Schematic diagram of primers designed on the
sequences of ribosomal RNA gene in this study. White and
black arrows indicate the primers designed on the
sequences of Encarsia formosa and Eretmocerus mundus,
respectively.
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Table 10. Primers of whitefly parasitoids used in this study

Name Sequence (5°-3)

EfF CCTTCTCGTTTTGCACTTGG
EfR TCGACGAGTTCATTGATGTGA
EmF AACGTATGCGGATAACAACG
EmR GCAATTAGCTGCGTTCTTCA
D3-4046F * GACCCGTCTTGAAACACGGA
D3-4413R * TCGGAAGGAACCAGCTACTA

* Gillespie et al. (2005)
X o TR LN OIEEESN O 21T > 70, ZORE
B, AoV anFgnbELES] (AB662969—
AB662972) 1X, & HITEEEND AL 2 ¥ a R F OES)
(AY615782 & L < 1T AY615783) & 99%7>5 100% 2Kk
Lz, TF 2004V YanFoids (AB662975,
AB662976) (ZBEFNDOFF 27 1A Y ¥ a xF OELF|
(AY878190) & 99%—F L1z, £/, 37X anF
DOEFNE Z I E CEBEEEST — & N—R B ST
TWRhoTedy, 4G LIRS (AB662975,
AB662976) % Er warrae Naumann and Schmidt & 98%—
B L, Zo0Z&nD, FOHIVZHEIE DNA W77
A~—%FH LI TSI RO L O TH D LR T T2,
#it L4507 T4 ~—D5H 3> (EfF, EmF B
JUEmR) %AW HIE T, 3 Y v anFa2Tmnb
G R NS bz (Fig 27), $£7-, 3 TER CHYfERT A
ENRERD (v a3F54)300~400bp, P37

M 1 2 3 4 5 6 7 8

Fig. 27. Electrophoregram of amplified fragments for three
parasitoid wasps of whitefly by multiplex polymerase
chain reaction using three primers EfF, EmF and EmR.
Lanes are: M: 100bp ladder molecular weight marker; 1-2:
Encarsia formosa; 3-4: Eretmocerus eremicus; 5-6:
Eretmocerus mundus; 7: Trialeurodes vaporariorum; 8: no

DNA template.

VX 2 RFH 600~T00bp, FF =T HA YV aNFH

500bp), S FE~—H—L LT 100bp 7 ¥ —~—H—%
NG Z LIS kY, BIRCKBIAEChH -7z, $7z, =2
T I B IIIBIENT A SRR SR o 72 (Fig. 27),

EE

rDNA SEIRIC 1R R B H O 2R AV D 7 < S EEFIHS &
ARFF STV DB & AR L < SBUIRH N A S 7258
WREENTWD Z b, EHROFERE - FEAEROM
HrZ L <HWBI TS (Ardeh et al., 2005 ; Heraty et al.,
2007;Ji et al. 2003 ; Vickerman et al., 2004 ; Yara and Kunimi,
2009) , ARHFFETIL, 2D D> BERDEZ L IS Internal
Transcribed Spacer 1 (ITS1) FESROIEIES A fEATT 5 2
LIZE o EREREZRHT 2 2 LI TR LT,
REIZRY, ooy ansF, 37 YvanFis
LOFTFaUNAFYaFERBETTHINT DT LHH]
&7 olz, AU CITIRMNE CAEMEIE - L TEED
b 3EOHERGRE LR, ENTEa YT IFHED
TEFAEN L ML TRY (HRE, 1980 ; Kajita,
2000 ; /NED, 1992), tAEKizFIM L7-F RBhERASK
HHATWD, %L, AFEEZLVRRIE, 1EF
G & DT FANEOBRBENIIFE S D,

WA CIE b2 KU T DNA @ PCR-RFLP (2L
Encarsia BOFRNENRARE SN TS (Monti et al.,
2005), Z OFEIHIREEROE DT DI # & =2 2 P
D0, GIBE A3 7R G B IR IS R 2 72 2 =
LD D, —FH, AFETHELZATF T Ly 7 X
PCR {£1% 1 [El0> PCR i C 3 fliZ& RIRFICHRAITE 5 2
&6 Montietal., (2005) OFEL VENLTND,

F48 BHEALWEMEEOLE
MHEBELUAEE

1. FERBICHT 5FRFDOZE

(1) FZBRH

P~ MIBEDOH L BHND S H 24 A2 el Lz
(Table 11, 12),

(2) &H4E

EYREEL L TRGE SN TCWDETTFa v A Yran
F (NI BRI YR AT (A — )
BLOA LYY anst (mrzx ) v 7®) w3
— = FEMHR L, I —F— FIERRE ChEE
(8C) WTHRE LT, BilIE~I—h— FZEREN
(25°C, 16L8D) ZfEL, Pk L7z 2~3 Al
7.
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(3) FEHEDOT I—IZXT HFBFIDZE

I (2006) OIFIEICHEL CTHE L, T70bb, %
% 2 RS (400~5000 f5) (IR TAHARL,
~3I—Hh— K (fifFkk 80~100 ) % 10 PRNRIE L 7=,
B L L3O~ I —h— FEMER Uz, s
ke L, ~—7— NidiRER, ==& 410
kgL, vry—U (E9cm, %X 2cm) ITAR,
1EIRZRN (25°C, 16L8D) T 2 HMI#EE Lz, Ik s
MU A IR EARBEMSE (SHZ-U: = =) T Tz,
AN Z L2 Abbott (1925) DOMFIEX THARREFHEL,
R 10BC O F 7 (Hassan, 1992 ; Amano and Haseeb,
2001) 1ZHEESE 4 BTz Loyl 1 BEEER 30%
DITF, BN, Loyl 2 30~79%, NI
H5), LU 3 (80~99%, FREEICEENRHD), L
4 (99%LAE, FEFIZEENDH D).

(4) BEBOBRIIHT HFRFIDEE

BRI RS UNEBD, 1998 ; 133, 2006) TiT-o77,
Tihbb, H&BHEZTE R (99.5%) ICHED LR
EELX L, Z?0.1 ml %% (0PN S.4mm, £ 11.7 mm,
B 35mm) (CEA LR, EAKFEICEESETH
EICHEEZ Eolz, Tk, BROIEID 5%D%E % YL
AHZFERZAH (S mm X 5 mm) ZEEE L TANT,
BidH72 0 10 HOFAER R E AR, BRON %) 1 1
A=A TEW, HEIREN (25°C, 16L8D) ([ZHiE L7,
A Z L E A 6 AT OMEA L7, ALEE 24 RERRALL,
AAF g, FEC A PR FEARBEMEE (SHZ-U: == )
T CH %, Abbott (1925) DOFIER CHRFELHE L1,
FEED I0BC DFHliFEUEIZ ED X 4 BERRIC /31T 7,

2. BERBICHT IMEMBREDEE

(1) WEMERE

3 FEEOMAEMBEE (A aF =%, N=F Ly s®
BLORF=H— N ES®) L7z, ARG ®EITE
Nz, 3.0 x 10° spores / g, 5.0 x 108 spores / g, 33 L 2.1
x 10" spores / ml T %, B WA RIKITHE DIREEICHE
BKTHRMLTHER L. (v A 22 =AUV —4
Ly 7% 1000 &, A% =7'— K ES®I 500 ),

(2) H&#

A anF (AR TR LY s Y
YanF (A H—FK® OxI—h—FK (I— Y47~
D O~ I —# 80~100 8H) % mEEM (8°C) THH MR
HUMEH L,

(3) FEBROTI—IINT HIMEVEEDLE

~ I —H— RS MAEYRIEOIRICK 10 FPRNEE
L, &5KKEINTEE L2, v v—L (B9 cm,
RS 2 om) PICHE Uiz, RIRIX & U CHERIKE Vs,
LA ENZS&E 1 OFE—OFDO~ I —A— NafHL
T2 ¥ — L3N T 7 0V ATEE L, 6 HRERSRN

(25°C, 16L8D) (ZHFFE L7z, bEk & FEPHEk % AR
FEREFEMEE (SHZ-U : ==1v) Tz, ERZELM
L7z, SHUHEE Y 3 KETITo7-,

(4) BEBROKRICHT HMEMEREDELE

A& (BEEE9 cm) ZBIRAEWRBIROVEIRIZK 10 B[
REL, ROKEILNEE LB Y v — LRI,
VI == N1z AED LIZEE AT T 4 VA TU Y
—LOBEEFEE L, 7 ARERIEN (25°C, 16L8D) (Z
FHE L7z, xHRX & U CERIKE AW, PHEEk & 6T
bk, FECAHREE MIREREAMSE (SHZ-U : ==)
T TR EEHEBEOER EOSRE O EAHER LT,
v I—H— RIFE—OFOLOEFEHL, SO LE L 3
K117,

(5) #Ratoim

FEEOPLR EFPCRIIRE T ITATEL, FE
Y OTE & A RIEORED 2 EROSESHT 2 tid
BN EiTo7. ZRAMERAIRD bNEEIT,
ZENIIRE (Tukey-Kramer test) %17V, ZAEAEAHN
B LI o TG A LA E R O KHER O % &

(Tukey-Kramer test 3 X T Student’s
ttest) ZAToIZ, 7RI, T—H OATIZIET 2 B HEEH
2012 (SSRD) F7ziZJMP5 (SAS Institute, 2002) % >
7o

=R

1. FEBEOTI—IIXNT HBRBFNDEE
AR L 3 AR~ I — DRy
Table 11 (TR L7z, IGRAFID 4K (7 m7 = U Hl,
vawYyVRlL, AT ) 7 AR AIRBLOL T X
VED, FAFAR—REAL Bt Al, EX haYAlR
FOS A UHIT 3 EFEKIIKT L TETLL 1 Tho
7o ThT7xzrFuaw s 2HE, TET7z— MBI
2L 7 = F EAENT 3 O FAEEDONANTINIR LT
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BERZICKT 227V 7 IHOKRGHFNEREH (IPM) (BT DHF5E 39

LV Tholz, XA=aF /A RRFOT X7
UFRAlL, vaF7= A, o777 L F=Fo
B ASUH, EOMOFRLDOAY ) FHIB IO L
7 =BT NANL 3 EHFEKEDONNT NI LT LN
4 Thol,

2. HEBOKRBIZIHT HFBFIDOFE

R BFN ORI L 7= 3 mOFERR RO TRE
Table 12 (7R L7z, IGRAID 3 F| (a7 =T A,
INT )7 AR RIBLOLVT =X Al BLOY
A e AL 3 FEEFARICH L TETLL] Tho
7oo BtEIB LA A UENIH R T v asFt oy
VY anNFIH LT LUL 1 Thotz, IGRFIDT m—~
CUHENITFF 2 v A Y anF LAY ang
IR L TLL 1 Tholom, T vaFioxtL
TLNL2 Thole, *A=aF /A FRAl, G L
ZaA RRE, Y RAL F=HlB X OZOfmOR
WAl (7 a7 = ENAl, == A 7 F o BAETRER,
ZE Y FHBLOR M 72 BT R) Znind 37
FAEBIZH LT3 F2E v 4 Thoiz,

3. HEBDOTI—IIHNT HMEMEFEDEE
WA BRI L FAR~ I —OPLERE
Table 13 |Z/R L7z, ¥ I —REICHEADBIZE SN (Fig.
28), FAEMOIULRITHT D 2 EROSBIH ORER,
FEMOR CHERZELR>T20 (Fii6 = 1.580, p =
0.227), MAEMRER CIIERRE N H -T2 (F3 16 =
73382, p < 0.0001), FFAEME LA EIEROMEAEIER
IR bNeh o7z (F316=0.514, p=0.678), v 1 2 ¥
—APOIYEE (40.5~40.6%) &/3—H L 7ODOP LR
(55.1~56.2%) 3 LU (19.3~60.4%) [ITHERE
M7/ o7z (Tukey—Kramer HSD test, p < 0.05), ™4¥ =
H—F ES® OPULRIT~V A T Z—®, N—Z Ly I®
BLOSHRIZHAGEICE 272 (p<0.05),

4. FEBOBRICHT SHENEROTE

PRI DT WM D PRI T2 LTS % Table 14
WOR LT, SEC LICp O EICEARDBIZ S hiz (Fig.
29), FAMDOPULRIZOWT 2 BERIDOSESHT DOFEE,
FEBOFMLRIBIC L VABICR 2720 (Fus =
4.84, p=0.04), WEMRIER CIIABERET 2T

Table 13 Emergence rates of aphelinid species pupae follwing treatment with mycoinsecticides

Prasitoid species Product. No. of parasitoids mummy No. of emerged parasitoids ~ Emergence rate (%)
(Entomopathogenic fingus) tested
o®
Mycotal 81.746.1 32,720 40.6+4.62A
(L. muscarium )
Vertalec®
Encarsia formosa 87.7+7.1 47.7+£69 55.1484aA
(L. longisporum )
. ®
BotaniGard ES 873426 20406 23406 bA
(B. bassiana)
Water 797468 390426 49343548
(Control)
®
Mycotal 86.0+5.5 353469 405+6.1aA
(L. muscarium )
®
Eretmoserus evemicus Vertalec 81.3+4.38 453£09 56.2+4.0 aA
(L. longisporum )
. ®
BotaniGard ES 92.7+87 53434 52£29bA
(B. bassiana)
Water 790 1.5 477407 604+ 122A
(Control)

The different lower case letters refers to significance of the difference between entomopathogenic fingus within same parasitoid (two-factor
ANOVA foliwed by Tukey Kramer HSD test, p < 0.05). The different upper case letters refers to significance of the difference between
parasitoids within same entomopathogenic fingu (two-factor ANOVA foliwed by Student t test, p <0.05).
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IBITEF VT IFEOKRAENFRERER IPM) (12

B 205 41

Fig. 28. The pupae of Eretomocerus eremicus after

BotaniGardES® treatment.

(F316=031, p=0.82), ¥£7z, FLLERIZFHESMTITH
BB d o0 (Flis=1.69, p=021), MAED K
M CIIABREDRBD LIz (F36=33.68, p<0.01),

£, WAL WAEYEER TR EAERANRED b
B (F316=4.07,p=0.03), FEMLMAEMRIEDOETO
G R DZELRRELIT o2 T H, v A =2
B =DKoY aANF LR anF O
U (ZNEIL75.8%, 89.3%) , ¥ =7 — N ES®%AL
7L XDOF LYY aANRF LY AT T aRFO
FETH (ZNZEH 903 %, 79.0 %) 13/3—4 L v 7 O% 4L
HLIEA LYY anTOREE (292%) EXHRO
L (30.5%) IZHA~FEIZE )7 (Tukey-Kramer

HSD test, p<0.05) , MAEDIC I DL HELBMRE S
[Tolell A, v~ aZ—N°DF LYY anst
PRI DY anFOFRTHE (LNEN 75.8%, 89.3%),
RY=H—RESPHUHE L= L 2 DAY ans
LV RT X aNF O (ZIEN 90.3 %, 79.0 %)

Fig. 29. The adult of Eretomocerus eremicus after

Myctal® treatment.

BA—H Ly IR R B LA vy Y 3 A F O
£ (292%) LXK (30.5%) ITHAFREICE
-7~ (Tukey-Kramer HSD test, p<0.05),

B

& (1988) &4k (1996) 1377 m 7 =V A, Bt#l
BIOAA DA Y anFoit~I—(C
BTN EHRE L TRY, ARG FEFEOFBRETH-
oo F£o, ZTNHOEBENIF ARV anFLFFa
TAA A NFORH L I TR U TR N E W
ZEMHOLMNZ o7z (Table 11, 12) , ZAVE THENAR
ATHSTZIGRFND 7NV T =/ 7 20 Al T =X
VN 3 FRAAEMOR A L~ I =TT DN S D
ZERBH SN/ o7z (Table 11, 12), T/ AFAF— |
FIA Y anNFORBITIEE L EEEN N
%¢waém(ﬂ , 1988 ; #K, 1996), AFRERTILAL

XL TN A L bl (Table 11, 12), F£77,
Xﬁﬁﬂ?/4%ﬁ§ ARE L AE A RRABLOE
BV U RANIA Y Y anFophl v I —icxi L
THEND D LSS TWD2 (4, 1988; 4K, 1996),
AFABR T O RIROMR DT DAL (Table 11, 12) 2 &>
b, HEELHTE RV EEBZ LN,

BHBEMARE I Yy Yy ansF gy yy
ARFOI—ZERE LIS W EREINL TV
(Fransen and van Lenteren, 1993 ; Shipp etal., 2003), &
REBCTHL~ A afd— AL N—HF Ly IO T~ I — (T
YeL72holz (Table 13), LAvL, RZ=H—RKES® D
PUERIF~A 2 X — AP NN—H L v IO NFEIZ
< (Table 13), ¥ I—ICERLIELDEBEZBND,
ﬁyyvykzﬂ%k#ﬂﬁykzﬂ%@&a:ﬁ#é
B HBRFMSRRE ORI R ERE T CRE D (Faria
and Wraight, 2001 ; Ludwing and Oetting, 2001), A&k
Fr v —LVHOERERE T (95%RH) TIT7o72729,
Bl Lo om0t Ly,

DAL &5 125 A0 B B MR B & - THEF
EMRIC R & 7B e 52 DATREMEN D, A% AT
THEE, FERIIBOREWAIZEDROBERER
OREEREETHLIN, BEORESWAIZHERT 25E
I, ZORBEEH ST 50O TREJERTT 544
WD 5,



42 el R R IR ZERT RR B HR 55 9

$5FE

aFTT I, TYIUvE e DA O
AINERE, BUh, IRAME, mVETEER, B AR &
Wo L EBORHEE D, T OERICIHIREFEE
WOBEDRRE & 72 5 T 5 (Stansly and Naranjo, 2010),
FORKE U TR Al & R AEAG o7z IPM 23 E
Wit & 72> T % (Heinz et al., 2004 ; Stansly and Naranjo,
2010), IPM CIERFAIBEEFFAKYE (EIL) OB & fEx
O EMAEDED 2 & OEEMENER S, ERLER
KL LW BN Thois, 7oz, Frvyary
7 IO bv MO EITIE S 72 0 BB 25 55 (FIR
5 1979), #Naa3aF VT I0Aar TIHEHTZY R
50FH (JRME, 1997) L&h<Tnd, LavL, 295 Lizpt
KO IPM 13T TICRAEL TWAEREZMGELE LIZHO
ThY, HEERRICHILT DLWV BENHITINT L
Ly lixExewn, e xiE, TYLCV &N 5=
FTUZIHOBE, Z<bTORERTHIERENIZZA
LCLERIE, UANVAFNEIE LR (52 #),
D1, REHIEITBIT D IPM OREICY 7= - T,
FPTHEROEABIEREZFE LA ERERTHD, 22
T, AFETIE2 V7 IFDORABILER & LTl
KUATLEWH LI B3F), £0H 2T, IRENT
FELTLE oo F 27 VT L UTF AL v
TAEMIRERRE (B4 %) IoITITFE%ELHTED
A & B aunREH R AR L (B4 5), RET
%, THDOFFERREZFEIZ L TH LW IPM 2R L
v,

RENICERZRA SERVEEREEOFEAILR 05
~OFix Yy hORBETH D, BATORETIE 1.0 mm
HEWORFBRA Y hBBIRSITNAD, ZORFHRE Y
Tl TYLCV &% L7227 JFEMEBENITEA
LCLEID (2, a7V 7 IFEFEAIERN
KON BEVOBRy MRRETHD, AR
£-7T 038 mm HEWVWORTHRLR Y MIEVMRARIESR)
RBHDZEPHLNE RS (B3 E), LrL, B
Mo ORUE S EIRESNOKIRZEIC L > TG S 28]
17D B SRS IR.2 (Bournet and Boulard, 2010 ; /%3, 2015)
T, MR BEVORHRR Yy MEEBIEHFTITHED T
i« B & 72 09 (Sase and Christianson, 1990 ;
Montero et al, 1996 ; Muooz et al., 1999), ZDfER, 1E
MOEBICEEELY RITTZ L1225 (516, 1977 ; Diaz
and Fereres, 2007), —77, filifkid B ARMRIC L ~2Z2

REER

ROZHZHZD @ 9 2 (Ganguly and Ghosh, 2011), B
WhELHSH (Huetal, 2013), 29 L2 &b, i
HHSUIFFCB R v P2 RET DIR=EICEL TS
(Kittas and Katsoulas, 2005 ; Flores-Velazquez et al., 2014) ,
— A 7 R E R LR L AR E ORI HIREN
WICEBIAFANTE 2D, BERRABRKITZZRBIRED
BRI HAANH B 72D ERDR ATV N E EN TN D
(Berlinger and Lebiush-Mordechi, 1996 ; it, 2007) . [&
JFEFGRAI SR T B R KIREIT R TYLCV 0%
BEWNEWIRENDH S (Berlinger and Lebiush-Mordechi,
1996) . ARFFEICENT, BERGREFIHE S AT L (Hh
KR EA 0.8m, A 350 ni/m (400w), WRF U b
04 mm X 02 mm BHEDPHEER Y b, KE - MIZ Imm
BEDOB®EX Y MR TiX TYLCV ORATRD 5
T, SIHICENOREIFZAARES (RE - fIZ 1mm
HEDBHEX Y M RIE) OFIUTHAR2~3CELS 725
ZEWRbnote (B3E F3H), BEAEHHRmKITE
HORABGIE & KSR O O % FHeralii 2 7B
TV AT LEBZ BN,
WIZ, REPRIZEBALTLE - 72FRIZRT DR
RIZOWTERT D, ALY Yvans, yrry
ANF, FFavuhDA VY asFiinTnb # \aa)
VIIOEEFERTIEDL I ERHLMNI TN, F
AMEDOPBNRITITHIC L 0 ORRR o2 e vn (6
47 1 HH), WITBERD XS RRIRERE 2 b5,
WEIL WIThOFESREZFIHL T AL A Z AT BD
PiBRiZvleEE B X bivd, —F, BEFEINA A4 A4 7B
DYEFEZIN G E D 1= O AW OfRREA@E L £
LREND Y, EEOKIBIITHFASOBEIRICIRENER
REEHT A EBNNETHD, FEKI=TUTIIHE
HBASOFEDIZNC, ERIND T OREEROITE T
HDHRANT 4 =T 4 7 (FEEEERITE) 12X
B ARG 5, AR THR L2 3O Y ¥ a T
TH IO X ZITHIIHRE SN TS (Headrick et al.,
1995, 1996 ; van Lenteren et al., 1980), A4 2>V ¥
NFDRANT 4 —F 4 T OEIGIL20% & ks <,
FF 2T HA Y ANRFTIL T~%LHEEINTND
(van Lenteren et al., 1996 ; Urbaneja et al., 2007), AHf
RTIIER LT F 2 vV YansFosb 14 ik
(47%) DRANT =T 4 T PEESN (B4E
8 2 Hfi) . EEROIRZIZ I 2 ¥ a " FHOBERZIRIL



BEREICET 23127 JEHOKRAHRE LT (IPM) (ST % 43

FELRA N 4 =T 4 T OMBFOMRIZEL D HD L
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Summary

Studies on Integrated Pest Management (IPM) of Whitefly in

Greenhouses

Small insect pests, such as whiteflies, leafminers, and thrips, have been developing insecticide resistance. These
pests invaded from oversea and they have been causing extensive damage to ornamental and vegetable crops in
greenhouses (e.g., tomatoes), either by causing direct physical damage or through the transmission of plant viruses.
Among these insects, the whiteflies, Trialeurodes vaporariorum (Westwood) and Bemisia tabaci (Gennadius), are
serious pests that spread black sooty mold, which damages fruits, as well as transmitting fomato yellow leaf curl virus
(TYLCV) in tomatoes. The aim of this study was to develop a new integrated pest management (IPM) method that
combines intrusion prevention measures (forced air ventilation system) and biological control (parasitoids) to
prevent whiteflies from becoming established in greenhouses.

First, to identify the whitefly species in greenhouses that are used to produce major horticultural crops (e.g.,
tomato, melon, strawberry, showy prairie gentian, and poinsettia), the current viruliferous whitefly TYLCV status
and efficacy of conventional IPM methods was assessed in Shizuoka Prefecture, Japan. The initial findings showed
that the Bemisia tabaci B biotype occurred in 30 of 48 (63%) horticultural greenhouses. The percentage of the
TYLCYV viruliferous B. tabaci B biotype in 9 of 23 (39%) tomato greenhouses ranged from 56 to 100%. Conventional
IPM methods in 2002, such as combining the parasitoid, Encarsia formosa Gahan, with insecticides inhibited
whitefly species densities from August to June but failed to decrease whitefly species densities since June. In addition,
preventing the invasion of whiteflies in conventionally structured greenhouses was difficult because, although these
greenhouses have insect-proof screens on the roofs and sides, the mesh size of these nets was too course. It was
therefore considered that a greenhouse structure that is impervious to insect pests, combined with methods for
controlling insect pests that arise inside the greenhouse, are both important for developing IPM measures in
greenhouse cultivation.

Altering the greenhouse structure so that it is more impervious to insect pests essentially requires the extension
insect-proof screens. For example, significantly fewer B. tabaci B biotype individuals passed through a screen with a
mesh size of 0.38 x 0.38 mm (0.9%) compared to a conventional coarse-screened mesh size of 1.00 x 0.93 mm
(79.0%). The effect of combining a screen with a fine mesh and a forced ventilation system, employed to moderate
temperature increases in summer, was investigated. Because the inverse relationship that exists between the increased
efficacy of pest exclusion and the decrease in ventilation efficiency due to the small mesh size in naturally ventilated
greenhouses.

An IPM method combining a negative-pressure ventilation system and the parasitoid, Eretmocerus eremicus Rose
& Zolnerowich, showed that there was no reduction in the rate of parasitoid parasitism in a naturally ventilated

greenhouse. In addition, the findings showed that ventilation (wind speed: 1 to 2 m/s) had no effect on parasitoid
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exploratory behavior. In a positive-pressure, forced-ventilation greenhouse, there was a slight increase in the number
of whiteflies, but TYLCV did not occur. The temperature inside the greenhouse was 2 to 3°C lower than that of a
naturally ventilated control greenhouse, and a temperature moderating effect was observed in the greenhouse.

Biological control using parasitoids against whiteflies that were generated in the greenhouse was also studied. The
efficacy of three parasitoid, En. formosa, Er. eremicus, and Er. mundus, were compared by using simultaneous trials
in separate naturally ventilated greenhouses. The results showed that all of the parasitoids suppressed B. tabaci B
biotype to levels significantly below the levels observed in the control; however, the efficacy of each agent varied
depending on the season. Since E. mundus was expected to be the most efficient parasitoid for controlling B. tabaci,
the host-handling behavior of this parasitoid on B. tabaci B biotype, Q biotype, and 7. vaporariorum was compared.
The parasitoid oviposited on the first to forth instar nymphs of B. tabaci B biotype, Q biotype and T. vaporariorum
with markedly higher incidence of oviposition on the younger instar stages of B. fabaci B and Q biotypes. The total
handling time for this parasitoid when laying an egg on first to third instar nymphs (96 to 231 s) was shorter than the
handling time on fourth instar nymphs (288 to 522 s). Since parasitoids prefer to oviposit for host nymphs at different
stages of development. Thus, to control whitefly using several parasitoids simultaneously it is necessary to accurately
clarify the parasitoid parasitism rate and a multiplex PCR method capable of distinguishing between the three
parasitoids in a single PCR run was developed.

If whiteflies or other pests frequently occur in a greenhouse, then spraying with insecticides may occasionally be
necessary. However, for successful biocontrol of whiteflies by parasitoids, careful consideration needs to be given to
the pesticides that can be used in conjunction with specific parasitoids. The toxicity of 24 insecticides used for the
biological control of whiteflies was therefore evaluated for En. formosa, Er. eremicus, and Er. mundus using the
residual film method for adults and the dipping method for pupae. The results showed that mortality due to insect
growth regulators, Bacillus thuringiensis, pymetrozine, and sulfur was less than 30% for adults and pupae of all three
species, indicating that the parasitoids were not severely affected by these insecticides. Neonicotinoids, synthetic
pyrethroids, organophosphates, etc., were moderately to seriously harmful (> 92% mortality) to adult parasitoids.

In biological control experiments combining parasitoids and entomopathogenic fungi against whiteflies, the fungi
can infect the parasitoids and decrease the efficacy of the method. The effect of three microbial pesticides, Mycotal®,
Vertalec®, and BotaniGard ES®, on the parasitoids En. formosa and Er. eremicus was evaluated under laboratory
conditions. The results showed that while the microbial pesticides affected parasitoid adults, except for BotaniGard
ES®, they did not affect the emergence of parasitoids. Of the insecticides and microbial pesticides tested, those with
relatively minor effects could be used in combination with parasitoids.

These findings clearly show that the combination of a forced-ventilation greenhouse and an insect-proof screen
with a mesh size of 0.38 mm can prevent whitefly intrusion and suppress temperature increases. Thus, the use of
several parasitoids, or combining parasitoids and insecticides, is effective for combatting whiteflies in a greenhouse.
As a new IPM method, I propose using a forced ventilation system as the core control methodology for controlling
whiteflies in greenhouse horticulture, and combining this system with biological and chemical control methods, if

necessary.
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