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Fig. 1 Distribution of Liriomyza trifolii in Japan
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Fig. 2 Distribution of Liriomyza trifolii in the world.
(source: CAB crop protection compendium (1997) and personal communication)
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1 AMERTRAEL 2. BAEORBIZRROBEIC X
o 72%% (Table 16), 1HH (5H9H) ITHHAL7
BRI ORMAL AT L A LHERTE ed o272,
YIalb—va vEtHIZ2EHE (582 5H) IC8M
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1. RELREEHHE L OBR
FEBFREICBIT 250, JRBIUCEOREHHZ
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HUBPENETLY IS BoTWVBI EHFbho
Joo SO, 15C, 20C B X U25C D 3 HOEEHK;
EPORELRTEELOMBRZEML, REFH
LENMERE LR L (Table 2) 9, W, B
JUWORBERIZNENS0C, 89C, BV
10.1C, W2 S CORBHMIB T2 RBEN
1295C &g s iz,

2. HETHMICHBTHIN~LRHRE
HHFEHWICBT I~ I % Table 312" L
720 SI~S MBI AR ST o 72D V7 AD
650 T, MOENPS72DIFFINDITATHY, W~
SR IEE Y E CRARLFBEOR VYD 57

Table 1. Development time of eggs, larvae and pupae of Liriomyza trifolii on kidney bean, Phaseolus vulgaris,
at different constant temperatures with photoperiod of 16L-8D

Temperature (C) Development time (mean *+ SD days)

Egg Larva Pupa Total
15 7.6%0.7 (N=157)  10.521.0 (N=137) 30.0%1.3 (N=72) 48.1
20 4.310.5 (N=366) 5.9+0.6 (N=199) 14.4%0.6 (N=168) 24.6
25 3.140.2 (N=819) 4.0+0.2 (N=662)  9.710.5 (N=381) 16.8
30 25105 (N=1231)  4.0+0.3 (N=632)  7.0+0.1 (N=329) 13.5
35 2.240.4 (N=670) 4.010.4 (N=404) —2 - (N=404)

# No individuals emerge.

Table 2. Linear regression equations for developmental rate and temperature, lower threshold temperature for
development, and total effective temperature for eggs, larvae, and pupae of L.trifolii on kidney bean,
Phaseolus vulgaris

Lower threshold

Life stage Regression equation ® Total effective
temperature ('C) temperature (degree-days)
Egg Y =0.0191X-0.1531 (p<0.05) 8.0 52
Larva Y =0.0191X-0.1531 (p<0.05) 8.9 65
Pupa Y = 0.0191X-0.1531 (p<0.05) 10.1 143
Total Y =0.0191X-0.1531 (p<0.05) 9.5 257

® After data for 15, 20 and 25C. Y: developmental rate (day-1), X: temperature (C).



Table 3. Gombined egg and larval development time of L. trifolii on different host plants at constant temperature (25C)

with photoperiod of 16L-8D

Host plant Cultivar N Combined egg and larval
development time (meanSD days)

Kidney bean Keystone-sujinasi-edogawa 215 6.5+0.62
(Phaseolus vulgaris L.)
Pak-choi F+ Shanghai-pak-choi 179 7.0+0.79
(Brassica campestris L.(chinensis group)) '
Gerbera Lablinel 342 7.91+0.55
(Gerbera spp.)
Cherry tomato Carol7 600 7.910.52
(Lycopersicon esculentum Mill.)
Tomato Sunroad 233 8.31+0.71
(Lycopersicon esculentum Mill.)
Celery Cornell619 169 8.3£0.79
(Apium graveolens L.)
Melon PF70 130 8.7+0.73
(Cucumis melo L.)
Chrysanthemum Syuuho-no-chikara 237 9.7+0.82

(Chrysanthemun morifolium Ramat)

3. BHEEMWICBIT B EINE L MR R OFF 6
FHRERWICB T B BP0 I & s R o 77
¥t % Fig. 3ICR L7z, WTFhom®wTd, PLE1
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00EUT EShholz, =K, ARV, H—RTF,
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5% <, 500 ETH 5720
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AL 8EWICB T 2.5LE (I~ FOR), W
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Fig. 3 Survival rate of females of L.trifolii and daily egg production on different host plants.
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Fig. 4 Survival rate and daily egg production of L.trifolii femails on tomato at different temperatures.

Table 4. Female longevity and fecundity of L. trifolii on different host plants at 25°C with photoperiod of 16L-8D

Host plant ‘ Cultivar N Longevity Fecundity

(meanzSD days) (mean=*SD)

Tomato : Sunroad 15 3.8x1.1a* 54.7+29.4 a*

(Lycopersicon esculentum Mill.)

Cherry tomato Carol7 12 54+3.8a 75.6155.4 a

(Lycopersicon esculentum Mill.)

Melon PF70 23 6.913.0 ab 108.0+73.3 a

(Cucumis melo L.)

Gerbera Lablinel 13 12.9+2.6 b 156.41+53.1 a

(Gerbera spp.)

Celery Cornell619 14 7.412.4 ab 205.6+1079a

(Apium graveolens L.) b

Chrysanthemum Syuuho-no-chikara 12 275182 ¢ 208.81+94.7 a

(Chrysanthemun morifolium Ramat) ‘

Kidney bean Keystone-sujinasi-edogawa 14 15,770 b 540.31278.1b

(Phaseolus vulgaris L..)

Pak-choi F1 Shanghai-pak-choi 9 24.61+9.0 ¢ 637.71£230.6 b

(Brassica campestris L.(chinensis group))

* Values with the same letters are not significantly different at p=0.05 by Scheff's multiple range test.
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Table 5. Survival rate of larvae and pupae of L. trifolii fed on various crops with photoperiod of 16L-8D

Host plant Cultivar Hatchability (%) Pupation rate (%) Emergence rate (%)
Kidney bean Keystone-sujinasi — 97.8 a* 93.6 a*
(Phaseolus vulgaris L.) -edogawa (N=448) (N=438)
Pak-choi F1 Shanghai-pak-choi — 958 a 95.2a
(Brassica campestris L. (N=215) (N=206)
(chinensis group))
Tomato Sunroad 95.1 971 a 95.2a
(Lycopersicon esculentum Mill.) (N=143) (N=650) (N=500)
Cherry tomato Carol7 - 96.2 a 96.5a
(Lycopersicon esculentum Mill.) (N=342) (N=227)
Celery Cornell619 - 95.0 ab 828 b
(Apium graveolens L.) (N=318) (N=302)
Gerbera Lablinel - 82.0 bc 92.1 ab
(Gerbera spp.) (N=228) (N=152)
Chrysanthemum Syuuho-no-chikara — : 73.0 bc 954a
(Chrysanthemun morifolium Ramat) (N=370) (N=270)
Melon PF70 - 56.2 c 89.5 ab
(Cucumis melo L.) (N=475) (N=267)

* Values with the same letters are not significantly different at p=0.05 by Scheff's multiple range test using angular

transformation value.

Table 6. Survival rate of eggs, larvae and pupae of L. trifolii on tomato at different temperatures with photoperiod of 16L-8D

Temperature Hatchability (%)

Pupation rate (%) Mortality of larvae  Pupation rate (%)

Emergence rate (%)

(C) per day (%) per day (%)
15 93.8(N=145)n.s.  76.4(N=110)ab* 2.0 72.5(N=84) b* 1.1
20 99.2(N=123) 86.5(N=392) ab 19 90.8(N=339) a 0.7
25 95.1(N=143) 97.1(N=650) a 06 95.2(N=500) a 05
30 96.7(N=122) 68.5(N=295) b 9.5 82.6(N=202) ab 2.7

* Values with the same letters are not significantly different at p=0.05 by Scheff's multiple range test using angular

transformation value.

Table 7. Fecundity and Longevity of female of L.trifolii on tomato at different temperatures with photoperiod of 16L-8D.

Temperature (C) Fecundity,/female Fecundity,/female,/day  Longevity of female(days)
15 3.3+2.6° (N=15)a® 0.4 7.94+1.9% (N=15) a®
20 17.6£14.1 (N=12) a 3.5 51%1.0 (N=12) b
25 54.7429.4 (N=12) b 14.4 3.7%1.1 (N=12) be
30 15.1£10.3 (N=10) a 6.9 2.2+0.4 (N=10) ¢

? mean % S.D.

® Values with the same letters are not significantly different at p=0.05 by Scheff's multiple range test.
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Table 8. Relationships between temperatures ('C) and some parameters of L. trifolii on tomato

Parameter (Y)

Regression ( 15 = Temperature (X) = 30)

Coefficient of
correlation (1)

Mortality of larvae / day
Mortality of pupae / day
Fecundity / female / day

Longevity of female

Y= 0.000842X 2 - 0.0337X + 0.343
Y= 0.000258X 2 -0.0107X + 0.114
Y= 0.00327exp(0.385X)- 0.000458exp(0.450X)

Y=-0.366X+ 12.976

0.902
0.958
0.999

0.985

(2) fEHEFDETERE

FEEWNOBMAERBIEELRTENTA—F &
Table 9IZR ULizo —HARFEHHME b~ AR DE
C2008HTH 7 0%2478H & b Eholze 1R
DB VR EF U VYL BBRIE ST
B, FREh2218l, 27119Ch o720 —H, b
LA vi3EhZzhnes2l, 20138 Eh o7z, 1H 1M
V=D AHEREME (r) &, BdIBVWFEEDI
AV ATO2384% R L, HOEEWE AT Y
TO1429CTHh o770 EHIZ, 1 B2 BREREE (1)
X, 4 Y7 ATL269, A0V TLIATH 72,

E5IC, ThEITRBON:-F—yPOEEEN:
B 9 DR TR D %35 A — & % Tablel0ImR L
7oo —HACFHBIMIZRENR 251200 THL &
v, 15, 20, 25, 30C Tk ZhZN5585 29.13,
20.08, 14.27HTdh o 7z, MEHEEIF, 25C, 20T,
30C, 15COIRIZR <, $ic25CITHIT 2 MsmE L
2621%R L, 20T D614DK A ETH o0 K
M EARBINE (r) &, 25C T01607: BAMEERL
720 1 HEZ-DH5EMEE (1) dRBKIC25C TL174
L\ REZERL7 (Table 10)o

Table 9. Population growth of L. trifolii fed on various crops at constant temperature (25C) with photoperiod of 16L-8D

Host plant Cultivar Mean generation Net reproductive Intrinsic rate of  Reproductive
time (7) (days) rate (Ro) natural increase rate / day
: / day (1) (A)

Kidney bean Keystone-sujinasi 22.77 0.2384 0.2384 1.269

(Phaseolus vulgaris L.) edogawa

Pak-choi F1 Shanghai 24.71 0.2268 0.2268 1.255

(Brassica campestris L -pak-choi

(chinensis group))

Tomato Sunroad 20.08 0.1607 0.1607 1.174

(Lycopersicon esculentum Mill.)

Cherry tomato Carol7 20.85 0.1684 0.1684 1.183

(Lycopersicon esculentum Mill.)

Celery Cornell619 22.07 0.2008 0.2008 1.222

«(Apium graveolens L.)

Gerbera Lablinel 21.64 0.1866 0.1866 1.205

(Gerbera spp.)

Chrysanthemum Syuuho-no-chikara  24.78 0.1709 0.1709 1.186

(Chrysanthemum morifolium Ramat)

Melon PF70 23.60 0.1429 0.1429 1.154

(Cucumis melo L.)

Table 10. Population growth of L.trifolii fed on tomato at different temperatures with photoperiod of 16L-8D

Temperature ('C) Mean generation time Net reproductive Intrinsic rate of Reproductive
(T) (days) rate (Rb) natural increase / day (1) rate / day(A)
15 55.85 0.79 —0.0042 0.996
20 29.13 6.73 0.0655 1.068
25 20.08 25.21 0.1607 1.174
30 14.27 4.13 0.0995 1.105
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(3) EFLYIaL—Yalil&3Ena &R
EBRICBIT AHRBOMEICELD, AHIETHELR
72h2 bR2FFEE LB ED25C &M 5 Himgl

DEFERLERBROF— 72 LAY —fTHEFVOEK

ERIKTRIHT, b MBI LREEERED (S
—VERH L. H1HBCRLEL, 28X03H
EROMERH 1 5Bk (& HESO.33BL#R) A= b
TACRALZ LB L BB OBERBREOMT &
Fig. 5IZR L7z HAT—VEDHRDOILEFTDIZ-
E)L, AF—VHTHROELZ YT L A ERVET
B REB S5 — R LRSS IBRBIITHEM L 72,
SRR 1 - A5 100008, HRICEL, #4L
B S L 1B BRI L 2285, 54HBICH
100008 #RICE L 72,

RIS, EBEOIZFBICBITLERBRELY I 2V—
Vavick A EMEE OB o7 (Figh)o 2O
Tk, HRNOKROMEREL S, FHE20HHE T T
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Fig. 5 Density of L.trifolii on tomato at 25C predicted from the
simulation model.

< MERRNO B ESREE, 210 HRBIZ2SC 2L
L CTMiyai and Hokyo (1992) ®DEFMIYETIEDT
BRI U720 BRM72 0 SREEEIEET B R & ERMEA X
CHEEL, FEOEHH Y — VITITERICHE RED
b (R 7~ VIEMAHBIRE, rs=081, p<0.05),
MEOBMCAHBERBO N e otz (Y4 vazy
YRR AR E, p>0.05). WETIX, BMEEMEAS
Y720 ORI TH S DI U CEIMEZKITICE
Wz N UVANOETHHTH 5720, FHEMEIZENME
D ECEDICERINZY, BECIAELZIRD
LT (T4 nvazy YHERIEMAKRE, p>005),
EH Ny — VICERBAASRED LN (RET< Y
NEAE AR AR S, rs=097, p<005). 47> Y BILE
AHERR L EIES L CEAL, BEOEH S —
XA RICHEPRD b (R 7= VIENAHBLRE,
rs=100, p<005), WMHDOHIZEEXEZEZD ORI
o7z (T4 vary YFeRENFIRE, p>005).
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Fig. 6 Density of L.trifolii larvae, pupae and empty mines per
plant predicted from the simulation model (solid lines) and those
observed on tomatoes in the greenhouse (dots).



2. 4 E®T
RANETYNLOFEFREICRITTREDHEIC
DWTE, 0CULTHE LSS, RiRICL2%E
PHFA SN, BCYUETEIMETE Loz R
b, AEOFRE BB IZ25~30C OHHICH 5 L B
bhb. $7, KHETHLPIE > BHEA
(9 : 80T, % :89C, Wi:101C) &, ThFT
B CHE SNRERR OF 169~138C, Hhm:
6.1~13.8C, U :8.6~136C) DO#if (Leibee,1984;
Miller and Isger,1985; Schuster and Patel, 1985;
Minkenberg,1988; Van Elferen and Yathom, 1989) I
AoTBY, RVETEEL CWAEABORE EHE
RN oERRE L RELVWERDbRS, —F, REH
MEFEHYORELHR 2T, FEEYICL - TR
PR~ S AL R DESA DTz, Zhid, P
PHEFERDCLIoTRERBVIRRZVI L
(Leibee, 1984; Minkenberg, 1988; Van Elferen and
Yathom, 1989) 75, EICHHUHEOZEHKBL T
2 LBbh5, JREIFEEWOMBEZEET HDT,
FERWOFFORBRT DE DB HEE L
lelE2bh%, B, AHAETE, WHHHRIZT
FEMMOLBIIHOPITTE Rho/zds, SNHREFE
BREFERPCIZEVRZVEER TV S
(Zoebisch and Schuster, 1987)
FERWANOERBIIOVTIE, b M TOEREK
1240~7918 (Parrella et al., 1983; Zoebisch and
Schuster, 1987; Minkenberg, 1988; Zoebisch et al.,
1992), ¥ 27 Ti279~298f (Parrella et al., 1983;
Parrella, 1984), &NV —Tlid212~406f8 (Parrella et
al, 1983; Leibee, 1984) & ST, FEHMIC L -
THENBHRLRDL ZEPBESINTVD, KIFFETH
TSN B D BN O & KERL, FEEWICL -
TENBDPRRLI LD OO TEMNT O
2, WHCIEBEDRVT V5 VI 4 TN L D
THENTEDBHORNITRY, FEEWITK - TIZEHN
BIC10f5D LoZDH 5 2 LARB I NIz, EIPHS
FEMYOXEBLZTAEAL LTI, MaRIUIER
BR2EOREICHL, BAMIBEBERETLI LMD,
HER B O A FFREINIC & o T OREE SV F EMEWIC
Lo TRER %720 L BEOREEEDENHENRLEE
TEHTREL TSI LBEZOND, B, TN
L, MERROFEHFEIFFREWICI o TRELR
BRBHBZEDERIZDZH->TWHEREDNS,
AEOIIENICEAAT NG -0, EAEHSEL
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AVTHIEZRT L RBERTERL, MERIZERL
7B AR (Minkenberg, 1988; Zoebisch et al,
1984; Zoebisch and Schuster, 1987). FAETHRAEL
TWBEIAINET YNZFREDOSMEREIAHTH -
725, ARFFRICLY, 25CTOSMEFIFBLY LR
{, OB TCERH L LTI5~30C O#H TIHREDY
BREILALRWC EFHLN R 72, FHELN
72 b= FTO5LEIZ, Minkenberg (1988) D#y
WL BT77~88% R B &L RRE» o 7245, Zoebisch
et al. (1984) OMEHFIZ & 595.7%DH % I Zoebisch
and Schuster (1987) D& L 5935% L IFIZF L
HCTHolzo REDSEEIZ, FEMEYW (Zoebisch et
al., 1984; Zoebisch and Schuster, 1987) RiRE
(Minkenberg, 1988) OFBIIIZL AL ZITRWVE K
hTWwaBDT, FFATHLNSMERERPEOE
EARHFRMMICBVTEENE BN,

BERTIE, FEOREMELCHEY LR 2B S
SRR MRS LALEME SRR C O BEELRE
HWEibZ & (Faeth, 1986; Potter and Kimmerer,
1986; Auerbach and Alberts, 1992, Marino et al, 1993)
P, IANEZYNLIZOVT HEMENCBITZE
CERE LTHFFHPOMEELHME (James et al,
1987; K& B, 1995) HFKRELBEEGTHLEZONS,
ARFR CHR L F 2 ORI X - TIERICH
0% DEVHR LRIz, BEEWOF TS VF v
A, FTrvHA, P b, IZbYMBITELVY
— TP B%IUEE L, ShbofEpidiymic

Lo THELAFETHY, —KH, H—F, 7T

RRE L AFITHARS LRRIFHETIE AL, Auvid
EHIEP o2 D EFNIZEHBELRFEMD & 1X
W R BV, AT Y TORERPMEVEEIZOW T,
ENICYRBORCRZ B MO POMEWED 5
WITAEFICBAELES ORME EHHEE LTS5
HNDE2PBEBRETIAHETH S, 2L,

- Minkenberg and Ottenheim (1990) % #5355 & 912,

FA—HMOFEMPTIEDOR T — VRBEGHENY
HPORTRCHET 2720, SHELNHERIE,
LFLHBEE G REREOLEN R EETIIEWE
Bbhz, BE, RDHLEORLP 22X 1 ¥ TR,
SHEBR LD L D EHCEVATF—YOWiE5 2
2BA I ERIZ S S I o 72 ONED, RER)
o T, AR TRA-FEEDIOWMLEL, HLF
THHLBRELET LIEYHRORRAEDOEETHY,
BRI Ao 72 D B LB OBE IR L 2 T
HRH 5,
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ABEOWNNLFIFERDOEBELZ T 2w
(Zoebisch et al, 1984; Zoebisch and Schuster, 1987)
LENTVSEA, AR THFEEWHOEIZDS 2
572 THIFEHIZFEEDONIBIIV LD THIEMY D
Bz wEEbh, FMLRILLARE
(Keularts and Lindquist, 1989) DOHEBDHIFKEWE
Bbhd, SROEBRTIIEBEIIREICREL 2o
7o hs, BT E L TERED o720

M4 DOFEEWIC BT MR ok T, —iit
RGP I FEEWEOEZ 4 HURE NS P o7z
A%, WG TIIFEMEWIC X o T LoZEND
o7 3L, NWEAEME (r) &, RREDA
YHE VA LREMED A T VL TRELED DED A
BNIze THOTERND, TANETYNZREERD
KXo THAMEBIPRESRLLZEFHHLE
NN BRSO K ENIEFEREDZ 50
L, WHBOBVIHCIA Y Py ABIUOF V7Y
YA, EV)—BLOFT -G, F7BLU03I=t~
F, =k, ATV YDEDDFN—FIIHTON5S,
B, AuUTIE IS OEPEIZ1080EE b
F OSATRICHRTHL RIS W00, HBD L)
IR DME N 7230 IR RE OB I3 L <
BROBEVHRE B o7, #oT, A0 VIEAEDOUEHE
CE o THFETR W TH B 2 L AVRE S hizas,
CHEEHREOA T VEHTIE, SANEFYNATL
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bryoniae (Vi3, 1988ab) THEINMELZ-TW5

CLREMITVEEEDbRG, 72, BHTIRI=

P PEREPMTPEDIAINETIANZIPRHELR
TWEIICH 555, AN BREMBEIEOF I
BMEZR L7 EhD, WHEOEBENDERO—DE
WwR 9o

LIAHT, REFERICL24WWPBRIERLLS
N72 b= ML, RANETZYNZOREREIMENFE
B D—oTHoHZ LB L, — I, FROH
SHEBES) DR F XMW O S EWIIBBRIZBES TH S
Z & (Waage and Hassell, 1982) %5, b~ Mgk
WHBBRICE L 2B E VWi & ). —H, WEEOR
WEIFEWMTHETF V5 V4 R4 VX v A TR,
ERLSN - FEEO—MTHHNESY IS
Dacnusa sibirica® ¥ % (25C T r =0.163:
Minkenberg, 1990) &V 3 HFETHEANET YN
IOHEEDOF R DD, RAROADHH
LY ANETYNZEERHOMIAZIHL L9 &
T5E, b ERBROBRAEIZHATEDR

PR TLENDY, BRI A FOHED»SERB
THhWEEZbND, COEA, FELIVDELITH
EOBE A H .7 © X 25F Diglyphus isaea (25C
T r =0273 : Minkenberg, 1989) 7 ERIDOKi % EA
55, EHPGRZEMTZ2LESRTI LS, T
NIZLTHF VT v H A4 R4 Vv A TR, HiE
DV b= PR EICHARS EEYWRIEEEEE 25
Rl L, Th O OMEW TIZEWRIBIERO &I
A EFHEELWEEZONS, '
BEFERENC BT TIREORE TIX, WL L b
1215C DR EA230C DBRSA TEVWET LA S
hi=ZLhd, REOLHRRPEFIC L - TiE20~25C D
REWIEFIIFEE Z 2 bz, $72, HYS720%)
WMECHRL HY- ) HRCREZRD, ThHDT R
—FLRELOMBRERILAL S, Boh-HE
Hi#RA 520~25CAEICHR D H 472 Y ETROK IR
EREH L EIRBEINZ, T2, HRERPOHY
72 ) SR TS R/MEZ R TIREZX202C, RIS
H 472 D TR OR/MEIR210C & & o7z #EoT,
21C R DIRESFEOL M S & WO EF TR D
HERRELZEZOND, —F, 1MdA) OERE
1X25C 2% D% <, 15CITBIT 5 I HD T %
Polze TIT, IMEL AN ERKE OBFR, S
"BoONARBRELY, HYEL)ENBEIRKE 251
BI1X279C Loz $Eo T, AMIZE - TEPICE
SUFELIREIZ28CHIR L EZ DND, 7z, MRS
D TIRE & RILH§ % @2 T, 30CH
BiRFEATRDLTH2BLEMTH 72, BEIZLS
&, BEHOMKHR M MIBWTIE, ANEFYN
IOREY— 7 ZHEETHrOEL, F-HROELRY
Rz ARV, Zhiz, pidoL ) CERLGTE
MR OF NI o /272D THH 9o

KIC, EARBEOMAEDICRIZTTREOME T,
W BERBEME (r) 1325C TOMA0.1607 L B D H
{, 2WT30C, 20C, 15CHMEIIEL Y, 15C
TRAEADBEE Rolze 2O LD, AREDRHLE
H325C R DORESRGORICRDEL %Y, 30CH
BERACEELABT I LB LL, BiHch
FERABERETH 7T~ HOBRERICRG LA
BRETL, LAPOBERIBOTEIERL: (B3
E - Fig. 8)o &9 LB CTORENENY — VI,
ARBFFETEERIICH 5 21T U722 WRRE 1 B2 iR
DEEPSHEMTOND, 3B, Minkenberg
(1988) X, 25CICBIF A P b2 HFLEELLEED
AEONKERMNES r =012542 HEHELTHY,
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RN LB olelzd b Bbhb, i, £HERODE
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RANEZYNLIE, 1990 SO TRAEDMHRE
hiz (W, 1992 ; Sasakawa, 1993) #, VirgiEHh72
T BALH S 7 & oAt B ARSI b 45 AiEE IR
L, ZENEERL o TWwb, AEOFAILKIL,
FEMEWTH B —R T Iz EOEFH D E I HE
LEABWARERIEL L 2ABREVEEZ SRT
w3 (B3, 1993). LA L, #EECHERTZH
RO COMIERD DT A A THREREDO
RVHIRIC AR L, €0 1ERITIZRASIC
WARL7zZend (UhD, 1992), BHROBEHHE
CEoTHHMBAMKRLIEEZONDE, ZOTL
1Z, AEORHITERRTI00mP LBEHT L L h
5HMEEN D (Van de Vrie and Dirkse, 1982)o

LIAT, AHEOBREICBIT 2RENEICOVT
1%, AHSA992)R A S(1993)4%, FICHERFIEEY
CHETAHEEH L D00, FINCBTZBEORE
HEZOWTEAWHTH 5, T/, RN TORER
oSS DRABBIRERICE-oTWD EZEZ BN
20T, FEOBITOFEEHHMZMS 2 & iEBhka
RKEBEECTHD, €T, HIMIBIT R L&
BEHE L OBHHEEN Y -V 2BBT52012, 2
EEICh o THRRBNORRW R ANES Y ST
BAERIBICB W CABEORAENR 2R,

F/, RANEZYNTRBOEH L BE S HRO
ERICHT MR L, BVECBTsH08
BABOERIINT TARHTH S, BEMICETS
NY ARNDBEROBABIE K EZE Z 585G, 5L
R THROEREZHOMIILTBLLERDY, &
Bz, O EZWELMZT S i, Jones and
Parrella (1986) d W35 & 912, FEHIUHLEMEE
 BOSKREROFHR, T VT Ty TOBIE
GREHFTORER ECLERERE L%, €2 T,
FERBIZBOWTHREPILZRE L TV AR OABIZ, #
BOBBHELN Ty 72REBEL, S ANES YN
HOBEHEROEREWEL
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(2) BEOBFH- B BB HEOERE

1. SRS

P, 19954E 6 H28H A5 7 A26B AT, =
ANEZYNTOFEFEHIRT D 5 IR/ EAR R RET
DBHIEHTIT o 72 (REY RIEFig 7)o O,
Fig. 7TOHMISR L2 ==y 2R (Hifk#10a)
DFATRERANETYNINBERLTED, NI A
DEFHOUBERUEILOBA ) ITRBERKLTY
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Table 11. Environmental conditions around yellow sticky traps for capturing L. trifolii adults

Trap number Environmental condition Notes
1 Near the chrysanthemum field
2 Near the chrysanthemum field Traps were placed
3 Near the chrysanthemum field around the same field.
4 Near the chrysanthemum field
5 Near the chrysanthemum field
6 Chrysanthemum greenhouse The greenhouse located near

the field for Nos. 1~5.

7 Near the field of chrysanthemum and peony
Near the chrysanthemum field
Near the field of peony, common cockscomb The trap was located near
and etc. , gerbera greenhouses.
10 Near the field of chrysanthemum and
watermelon
. Y T :
: ! E melon
! taro ! sw<-|3|et potato ! (light)
; (null) ! (null) !

______________________________________

050505050

mushroom melon ‘ melon
(null) (light) (light)

Fig. 7 Map showing the arrangement of the yellow sticky traps in fields. Closed and open circles indicate the
traps placed horizontally and vertically, respectively. Numerals between the circles indicate the distance
(m) between the traps. Solid rectangles indicate greenhouses and dashed rectangles indicate open fields.
The abundance of L.trifolii is in parentheses.
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Fig. 8 Seasonal occurrence of L.trifolii adults captured
by yellow sticky traps in chrysanthemum fields.
Arrows indicate the first capture in 1994.

Table 12. Leafminers and parasitoids emerged from the larvae collected in fields at the beginning of their occurrence.

No. of emerged individuals

Collection date Crop Liriomyza trifolii ~ Other leafminer species * Parasitoids
6 May 1994 Chrysanthemum 1 12 2
4 Garden pea 0 5 94
17 May Chrysanthemum ‘ 1 2 0
6 June Egg plant 4 0 0
” Tomato | 1 0 » 0
27 June Water melon 8 0 5

# Chromatomyia horticola (Goureau) was the most dominant species. .
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Fig. 9 Number of adults of L.trifolii captured by yellow sticky traps placed vertically in row near severely
infested greeenhouse. The values at the right of each bar indicate the percentage of the number of adults
captured by each trap to the total adults captured by all traps.
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Fig. 10 Number of adults of L.trifolii captured by yellow sticky traps placed horizontally in row east of severely
infested greenhouse. The values at the right of each bar indicate the percentage of the number of adults
captured by each trap to the total adults captured by all traps.
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Fig. 11 Number of adults of L.frifolii captured by yellow sticky traps placed horizontally in row west of severely
infested greenhouse. The values at the right of each bar indicate the percentage of the number of adults
captured by each trap to the total adults captured by all traps.
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Fig. 12 Sex tario of adults captured by yellow sticky traps

placed vertically in row.
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Fig. 14 Relationship between number of adults captured by yellow sticky traps and their sex tario. A
significant correlation was found by Spearman's rank correlation test (rs=0.31,p=0.01) using data with

more than 9 adults.
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Fig. 15 Seasonal occurrence of L.trifolii on tomatoes in

experimental green house. A:Mean number of

adults captured per trap per day, B:Mean number of
larvae per plant, C:Mean number of pupae per tray

per day. D:Mean number of mines per plant.
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Fig. 16 Seasonal increase of effective accumulative temperature (EAT) and the peaks of adult occurrence of

L.trifolii in the experimental greenhouse.
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(2) HEHBE NS vy TICL3RAFHRB LR TE
& DRR v

HERE Ny TRHVEES Y VT BEICES
THROFERZFNTAZEZEELT, b7
WX BB BB E SREE L OBIRICOWTIRET L
720

INEING ZICBITHEB b T v TIT K BBRRFERR
LYHMEELOBRTIE, BCHRETTHOITMIE
FAARED - HmAEIZK 8 H (Table 3) THo
72o THEDEICHYEY bT v TR O HFEREE
Z0 1 AEBOML T2 Gl e OBRERE LK
B, WEOMIZIEr: =040 (p<001) OHEELRIENH
BRIRARD bz, 512, RAEMMZERY (9
A~101) &&RM (11A~1R) ehycehzh
DEREATHL L, BRI =038 (p>005) &

1.5

BELABERIIED Shid o727 KR TiEr =
0.76 (p<0.01) & & D EVWHELZEOHBEERIRD
bhiz (Fig 17).

RIS, ABOBFNTACBILZHEHENT v T
KX BZREFBREE Z0 1 ERBOYREE & OBk
% Table 13127 L720 $IREEORERBAD R VD
T, T TREBO/MNINT 20 L9 CRIEY & KR
PRS2 VTEF— 7 2RAC L THR- 720 2D
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BOEL Y K EOMIIE, TERE DBTOEH
BiBR /N 2128 \WTidr? =064 (p<005) (GEFHED) &
r*=095 (p<0.001) (EAK) DOFELIEDHBEBEF
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Fig. 17 Relationship between the number of adults captured per yellow sticky trap per day (X) and the

number of larvae per plant (Y) of L.trifolii on tomatoe
was counted 1 week after adult trapping. A: Date i

S in experimental greenhouse. The number of larvae
n Sep.and Oct. @: Date in Dec. and Nov.

Table 13. Relationship between the number of adults captured by yellow sticky traps per day
(X) and the number of larvae per leaf (Y) of L. trifolii on tomatoes in four commercial

greenhouses, represented by the equatio

n log(Y+1)=A+Blog(X+1)

Location Host plant Control method N A B &
Shimizu 1 Tomato Chemical 9 —0.002 0.08 0.95 sk ©
Shimizu 2 Tomato Biological® 9 0.16 0.40 0.30 n.s.
Hamaoka 1 Cherry tomato Chemical 8 —0.008 0.14 0.64 *
Hamaoka 2 Cherry tomato Biological 8 0.14 0.20 0.36 n.s.

# Number of observations. The number of larvae was counted

1 week after adult counting.

® n.s.: Not significant; %,k %:%: Significant at p<0.05, 0.01, 0.001, respectively .

¢ Number of larvae including larvae killed by parasitoid attack.
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A, MINTZATE T vy 7% Y) DRBRME
BELZ0 1 BERBEORS ) B L OMICEr? =
093 (p<0.001) DAHELZIEDOHBBERIRD N2
(Fig. 18)0 %7z, BRNIADBNTH RREHFHR
Bezo 1l BEBOEL VLB L OB, =
068 (p<0.05) ~096 (p<001) DAELIEDHEHE
RS SNz (Table 14)0

25 -
2 -
log(Y+1) = 0.87log(X+1)+0.44
T 15 22093 (p<0.001)
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Fig. 18 Relationship between cumulative number of adults captured per yellow sticky trap (X) and number of
mines per plant (Y) of L.trifolii on tomatoes in experimental greenhouse. The number of larvae was

counted 1 week after adult trapping.

Table 14. Relationship between the cumulative number of adults captured by yellow sticky traps
(X) and the number of mines per leaf (Y) of L. trifolii on tomatoes in four commercial
greenhouses, represented by the equation log(Y+1)=A+Blog(X+1)

Location Host plant Control method N A B 5
Shimizu 1 Tomato Chemical 9 0.0003 0.19 0.77 %% °
Shimizu 2 Tomato Biological® 9 —0.14 0.46 0.93 k%
Hamaoka 1 Cherry tométo Chemical 8 —0.03 0.27 0.96 %
Hamaoka 2 Cherry tomato Biological 8 0.22 0.29 0.68 *

# Number of observations. The number of mines was counted 1 week after adult counting.
® n.s.: Not significant; 3%, %s:x:: Significant at p<0.05, 0.01, 0.001, respectively .
¢ Number of larvae including larvae killed by parasitoid attack.
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(4) /NBING RICH T BIEBESHREE & ORER
WhLAZHOEE=YY Y IHEICLST, 20
BOYROFERLMEETHLERELT, Wk
ZOBRDOYMERE L OBBRERE Lz, W ToXkit
AW E ORNTIZRE B X O ASIb 2720, &
BEZMRIT & o TIlE & RIRE) R AR & DRI
2~ SHMDOBMENELLLEZ LNBDT, WE
BAZBEEZOMENS0, 1, 2, 3, 4:8HE%
DYHMEE L OBIRE ZNEIRE Lo £ORE,
FIBEA (BRI 0) TR =037 (p<005) DHEER
EOMHBABRNED bh/zd, TRU/NOKRETIR
HELHEEIZED SNed 572 (Table 15),
(5) /NBING ZUZH T B b L1 OFEESE
HROERME T v 7 I2onTiE, RROMHE
EORRY AESZEIRTERTH L7220, P70
FRMF P EENET AL REETH S, —F, W
P LAV, AEOLRITEELS 5 ERNCEN
POBRBLTETL, BLRZOTIRECRL0E
LR s, ZoBILOBUTRER T TICEILB
W B EL22BoRMICIZIZFE LwEZ2ohd, #E
2T, ZOWILOBEMKFHE LS OWME L T DRI
MUANET LR BT 22 ThLAICES
WAL TOWMOMERPHETE D, £IT, FHE
B LA %Y E, 2OBILORED S OMmE
TEHO>TP LA 2WEREZHEML, ZORKREL
%Fig 10R L7ze 72, M M OTFHEROERE
P TR LI, ZOME, BEKZION LA

REMED363%% R LI, COBRBAIETL, &
L& CTHEORBZ k072118 LK, 5~
8% THB L7 72721, 1NATHWICTES S HEE
BEL:D, ZOROBOWERIER L2 o7,

—F, FHEHIITITERGCHEML, 11 MO0

DERICZ3TH o720 22T, R (Y) &F
BWEHR (X) LoMIZE, Y=-244X+878, ri=
066 (p<005) DEBLADOHEBZRIFED S,
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Fig. 19 Seasonal change in capture of L.trifolii pupae in trays
(solid line) and the number of leaves per plant (dashed line)

on tomatoes in experimental greenhouse.

Table 15. Relationship between the number of pupae in trays per day (X) and the number of larvae per plant (Y)
of L. trifolii on tomatoes in experimental greenhouse, represented by the equation log(Y+1)=A+Blog(X+1)

Time interval® N A B P
0 14 0.27 2.31 0.37*°
1 week 13 0.47 —0.36 0.01 n.s.
2 weeks 12 0.57 —1.07 0.08 n.s.
3 weeks 11 0.35 1.69 0.20 n.s.
4 weeks 10 0.24 1.95 0.39 n.s.

2 Period from day of pupal counting to day of larval counting.

® Number of observations.

° n.s.: Not significant ; *: Significant at p<0.05,respectively.
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Fig. 20 Inter-plant distribution of L.trifolii larvae on the tomato plant cultivated in experimental greenhouse in
relation to the position of leaves. Arrows indicate the top leaf level in the experimental greenhouse.
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Fig. 21 Inter-plant distribution of empty mines of L.trifolii on the tomato plant cultivated in relation to the
position of leaves in the experimental greenhouse. Arrows indicate the top leaf level. Cross marks
ingicate pinched leaves.
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Fig.22 Relationships between mean crowding
()?) and mean density ()_() for the number of
larvae and empty mines of L.trifolii per tomato
plant in the experimental greenhouse.

Iwao and Kuno (1971) IZXhiE, BEHREICH
WT—EDHEBED (BEERE FHEE) TPy
FEEOHEME 25 72D ILEREAR ¢ 13,

g= ((a+1) /x+p-1) /D* t%% (a,
Bidm—- mEVFROBRBOHEEME) ., 22T ORD
B, KITRDaB IO OMEICHKT S BEREOL
028 L0 BT 5 LERA FHAHE) %Fig 23
ISR L7z

Larvae

Empty mines

Number of necessary plants to be sampled

Fig.23 Number of necessary tomato plants to be
sampled to estimate the mean density of
L.trifolii with a fixed level of precision in terms
of D ( D: magnifude of standard error relative
to mean density).
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WERHTOANEZ Y NTOREERICIEELRD
DHEVRAEE - P3BOLNIz, 22T, HabIy
TIZE BRBFERBOE — 7 MoAFHRERRE, &K
o 1iRY ) oFMREER L ZIZFE Lozt
o, ThHREHROBEL -7 2RLTRE LR
bihd, Tz, AEOEROFEMTI I MTIIH4LH
EHNCEHMROBELRY)PD R Lo7HHEER
Bhd, HoT, FRBOWHRER b~ bTIE, B4E
HEOLOBSLEINRERED S 3 ~4 HRZEHET
HLIEME NG,

HOliE b o v 73REORRINES 2 HERIRL
THY, BEWUROEH Y -V 2RBTLFREL
TEHFARMENHVEWRZ LI, LarL, FREIE
BROMEHEEDIRIEL LTHHTE 20 L) iCD
W, RROHENBEEOREIRNETH L L2 D,
HNBETHLEBNT v 712 & ZRBFBRE L M)
BETHIHYUEBEELOBRIRF SN TE L
(Schuster and Beck, 1981; Frijters et al. , 1986)o &
DRER, B TIIREFRBEHREE L OBICEA
BELRHABERERDONEVWEENTBEY (Schuster
and Beck, 1981; Frijters et al. , 1986), #HfafiE b+
YL BESS ) VT HEIREROEERN IR
FRELTOATMENTWVS (Parrella and Jones,
1985), —%, WAEOMEREIEE, HSRERE RS
FHE:, BRKOG L ENHRKROZNE IZRE S EBbh,
) LBRBREORBVN T v TOFERDEIE
FTHILBZEZONEOT, BHTORBRIBRIED
PRI —BIC B TE R e Bbhi, 2T,
AW TIE, BPEDHER b= MIBIT 2 R BFERE
LYmE, BRBFERBEBILHE OBRERE LM
B, REFRMEDEBOMIIZELOX B S b0
D, FHITE > CIABRZEOMBIBRAIRED iz,
7z, MEINY 2B CRIRINREL A TH
BREBIZEY 572 (Fig. 17) %, TO#EHE LTI,
25CICBIT LRI 4 HTH S Z L » bR
ISR SRR (W7 H) XDELSRD, B
2 EOLHGRAERICAREALCLE )Mk ThrI L
MWEZ bNiz, ¥/, Table 1IBITRLZXHIT, &Y
BB % 4T o TWANY 2 TIRA B LMHBERERIZRD 5
Nipdroleds, TOHERHELTE, F4EBOFEED
EEISHRER B L CIODEPREL o727
DEBbNL, YEDXHIT, FHCI o TIIRBHE
BB EGREEL OMICHE R ZIEOMHBEBRIEED O

ML BB, T
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Nz o, Babsy 72 HWTEZEROE=
YU TF—= RO ROMKEELHETHI LI
BLTFLOIAMETEVEEZ DR,

—7F, BREBRERFBREEBILEEOMICE, wih
DFEBTOEBLRIEOMHBAMBEIRD LN, BT T
v P BMEROHERITETH S S LARRSR
720 TOHFBEICEINZE, Bl ITERRKELZBLEBIC
FoTRETHE, V9 v 7L BRMBREE AT
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7272, MHEBOBFBEROBEEX ZEINT AFTESD
XBHRLN, SEELNBRRMEL O AEE
DHDTHAHUWEEIE L, BRAOLEES KON
TANOBAIZMERD L EBbhb, dold, —
o BREFETIE, BECER L EERW LR TRE
BREFEIZERALTHY, H—1y ARNOREEHAOE
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BEE L THEBRB L FHLE L oKX EFARTEBITIE,
CNBHEFA—NY RAZR- TEENIGERTSZ LD
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ANEZYAIORE IR RS BEICRIZ
TEENIZ - X )T (Kotze and Dennill, 1996), #%
FHREFEREBBRPRZRAATHLDOT, BT
59 7k B EHRKERZRET 20121, 51,
b3 N CTOR LB ERT 24T ) LERDS 9o

Johnson & (1980) i, = ANEZ Y NTONEHRE
Liriomyza sativaeDE R BWERER L LT RICH
Wiz b LA NOETIER M 2 5EEREL, &T
R E BEs R L OMICEE L IEOHBEBR
AT, —F, Frijtersd (1986) OHETIIHE
LHBEBERIZEDONT, COMHEZ, WAEHNFO
HMOBEMEIER L2720 LTW5, RFETIZ,
FUANOETHEE S RFEE L ORICHER KD H
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MOER L DNT ¥ 2 THLNZRHT EOMBE O
1AM EOREEL & - 7256
IZi%, Frijters® (1986) DOMEFBRICH B HEE
RIEBD LN o2 eh 0, LA 2R
HOBEFHCHETLZ L IZRHETHS 5, Fig. 19
WRL7A2K91T, ABFFECHMA LN VA4 OffiEsR
BRESEFHLAD, T LA DY A XH20%30
em&/NEICH B 720, HWEROARIZE Do EH
DR L BWEEOBKIC LY, LR8P 5B L7225
WO M ARNOETHREES N0 BbN 5,
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ZOZ XX, WERLFEHEREOBICEELADM
HBRARD LN LR LIENTIONE I o
T, BRETE, WML Z2HVEE=S) VT HE
i, BENEORRERL CBEDORCTREND 57
b, HROMIEEDOHEICH NS Z LIZRREET
b5 ID, FOEEYED D L) R UFOAN I L EHE
BFERL LCRFHMERED S EBbNb, 2B, B

LA DY A4 XL HEELOBRIZE=SY VI
BB EOED» S5 BRET LBV H 5.

RIZ, SR EFBLOEHGMICEL TiL, ROk
PSR DL T RZES & LI A 108 - Tl
SERS, RANEZYNZOBREBIZERL 20
D OECEICIRYEIRET, RALELFATE
B PRI n, BEICLDE MY FTRE
WEI L EEOBERRED S OB AE v, BE
ZY ANEF Y ST B OFHR BN E R S
(Quiring et al, 1992), EA 5 D5 WY IZHERK B DIE
BEHETHIE (WhH, BME) »5, BHEOEER
WED DO DS LV EINHFHT OBIUHLEL T
WwWheEZOND, T, HMELFEILOKRESMIZE
Ao ERL, RETHRBEEZSD&EN Do
S, MERRBUI RSN ERE R 3 F 2RISR
EWTHILERLTEBY, COHBALLTNT AN
DOWREERLIRES M OMR ) 2SR RO BMATEIHEL
TWbILREZ b,

HEREZ 723 72O LD ELERRITOWTIE,
HERED=030%54, P IEHRY) FHEE]
U RO BRI L E R RAAREUL, SR T2635,
ZOFHILTIZ2066, D=02TIE, FHWTH.38k, 22
DEILTII63R L FIH E N (Fig 23). #-T, H
BRI BT P BRRL ECHERBEZ03ICREL
7235, 13MM72 0 25KREEE 2 AT IS, L
EHCHEREIMELVEELOND, kB, 4H
D/NBING Z BT B RARRBII300k & BE L7228,
SOMRRAEDLE, WMBEN1, 5, 108 KRO%GE
DRI T 20028, 021, 020 %0, HWKFER
2RV T02~030RBEIRER SN T,

LZAHT, MY FOBICHFETIMINEROTREH
FEFICH LT, Yano (1983) ¥+ v 3¥varys3ix
5 ICKuno (1976) DL BEMMBEICETE, k-#
E-/PEOIBRIMBEZRATVS, IANETYN
TiX, AF TV IFHRE LEFA ABKREL, E
W) OFEFEIRL TR 2, HPEROFER
REEDEZPIRNEELONS, £, BRIHF
AL, FEOERE L HEILEERTO—RLTHFAE

PHEATE, BILSTEIIRET S &9 hEEERZ
BFIZEHRBEL BRI RT WV, 29 Lz &b, 4H,
INBING ATER L7z & 9 GAREAL TOREMBIC X
ZEEREIWENICTSWRETH L, LY HEE
PERENLBLCTORELE X 2HEI1TIE, Yano
(1983) PR L7k ) ZEET -3 NERZRMLE L
LBRMBEDSBERETILEEIHS ). £,
Schuster and Beck (1992) i, b= M OBEEDILH
3N FTNG L LTI EHER L PHEE L OH
BRAREHCINETZYNNZHOBEREEZIREL T
Wb, ESERDLLEEICIE, 9 LIFEBESR
ERHCAIEEREELANTHS ).
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RANEF YN, Y VHRARELATA
FRl% EOBEOBBANH T 2 EMEEEZ A LT
BY (RS, 1992), FUMEBREEOED
AN T 2REEDETOREIHRINTNS
ZrR (BED, 1994), AREL AL FAICL S
U=V YAPRRETHI LS (RS, 1993,
1996), LB L 2B IEBENZ Vo

—Fh, AU FREI -1 v NORFRBERE T,
A RERICH L CRENICKEAE SN KBEH
ZHES7-1PM (RAEEREH) HMsBEIh, K
{ERLTW2S (Van Lenteren, 1995), 19764124
SVYFIIRALZEENE ANEZYNT (Van
Frankenhuyzen and Van de Bund, 1979) i LT3,
4 #L.7 & A 23F Diglyphus isaea (Walker) &
£V 2% 25F Dacnusa sibirica Telenga® 2 O %
D984 DIRE, FICHIR BRI 2 R X
hTwa (Ravensberg, 1992 ; Van Lenteren, 1995)

BAETD, IANETIYNZLREN,D 2EED
19924124 7 Y DA LA 2T e X anFL
NEZY) avaANFEHEE Wz b= b ToRETRER
(B4 B, 1993; /MNEDS, 1993) HEHES TR,
Zhe 2EOFEE R R I 2B REBRASERA D
NT&7 (BEDS, 1995; H£RES, 1996 ; WIS,
1996 5 FO, 1997) 2%, A HFTT7 LA ANFOALEH
WielREIRIhE Thv, BAE, BPETHRRESNT
WAREL, Tho 2HORHEBEM TH 2, BiRL
FFIELTwar L 8Nb 4 7 X a%F (Malais
and Ravensberg, 1992 ; Minkenberg, 1989) Hifid
EMDREEBEDSNTWEDOT, RKEEMIZE S
FBENHGEE2D OPCLOFHE L TBLRLERD 5,
T7:, TRETOREICE, THFERIHEENIE
AL, BB TERLPMELETE R o270
2, FAEBROBRAMENPZ-ZVLEVWERADLD S
(FHS, 1995), ZD7=0, FAEBOMFAMEL EH
WCEHMli S 5 720123 2B OFERF PR L 248
RERZATH) LBEFD 5,

ZIT, AT, BRI IOITANESYN
IIZHT B4 T b A I NF HBRENC & 5 BR%D
R2WLPCTHEEDIR, FEBEORAREC Y
ADRHBREDHBIIOVTORE L
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BRI 3 HATV, FRBICBT S b oFE
BMELIANEFINZBITAFZTAINFOD
WA 13 Table 1612 £ D TR L
(1) kR

RERIZIX, A FVAPOLWMAShI A TR A
NFEBRE 2, ZUSIZRART S R R
ERBEH AL, FERLHUA ([ FY %%
5 HERi%) ORBZRBICH V. &8, AL
FHREOVLEOLEREL ORIEAHTH 5708, FEk
DHEHAFR P VOROECIZBEREZ RART LT =
VEPBO[FTTHY, BPHEELRRICBITS
FEAEBDELERIIVTNSB%UE L HH o7,

HEELTRECHS LY ANESY ST,
199148 12 JARTH TIREE L - AR RAE R (W
W, 1992) ZHW, '

(2) FHBOMEAREE & AR

PR L 7= F AL, REK2508E (HHEIZIEIE1)
B1IRBMVIZHAShZ-EFTHY, BETEIER1
NTRAZTI R MVEMATHERTEPBEESINTY
5, BRIBIZBT 2B D 7 AW IZ—BIZ500nd
~1000TH B EBS, 1 ADRIC1H R
T 5 L —RBIORFAREEIZRR050~0.258, m & R b,
22T, SHEORBTIE, B TOBHAEZBELT,
1 Bl OB AEEE12040~0.2758 (#E0.20~0.1358,/'nd
72130.19~01388 #k) & L7z (Table 16),

F/z, -0y 8T 1 ARBRET3 ~ 4 BEodk
BEBERTHL NS () AVF 4 ARBE),
BAE BB 1 Cld 5, REA3TIR3MEE Lizo
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Table 16. Cultivation conditions and release of parasitoids in the tomato greenhouses tested.

Trial 1 Trial 2 Trial 3
Release Control Release Control Release Control
(Cultivation condition)
Tomato cultivar Sunroad 2 Carol 7 ° - Sunroad -
Date of planting 6 Jan.1996 - 8 May 1995 - 28 May 1997 +«
Area of greenhouse 60 m - 25 m - 60 m -
Mesh size of ventilator of greenhouse (side/top) 2 2mm/2 mm - 2mm/2 mm - 0.4 mm/0.8 mm +«
Average of daily mean temperature (ts.d.) 21.6+£23°C 22.9%2.1 — 23.2+t26  28.112.0 27.9+1.8
(Release of insects) ) :
Release of D. isaea 30 Mar., 4 Apr. — 10 May - 28 Jun. — 20Jun., 3Jul. —
‘ 12, 19, 26 Apr. (8 times weekly) 10 Jul.
No. of D. isaea females released /plant  0.13 - 0.19 - 0.15 -
Release of L. trifolii 25 Feb. - 9,25,29 May + 16 Jun. -
No. of L. trifolii females released / plant 0.5 B 0.5 - 0.5 -
No. of larvae of L. trifolii / plant 2.9 15.7 0. ~ 0 -

at the first time of release of parasitoids

% the same as left.
® cherry tomato.
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Fig.24 Number of L.trifolii larvae per leaf on tomato plants in trials 1,2 and 3 (mean*SE). Closed circles with
solid line indicate data in greenhouse where Diglyphus isaea was released, open circles with dashed line
indicate data in control greenhouse. Arrows show the timing of parasitoid releases.
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Fig.25 Mortality of L.trifolii larvae on tomato plants in trials 1,2 and 3. The symbols are the same as for Fig.24.
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Fig.26 Number of empty mines per leaf on tomato
plants in trials 1,2 and 3 (mean=SE). The
symbols are the same as for Fig.24.
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Fig.28 Number of adults of L.trifolii and its parasitoid
D.isaea caught by yellow sticky traps in Trial 3. The
symbols are the same as for Fig.24.

Table 17. Number of individuals emerged from larvae or mines of L. trifolii on the tomato leaves collected in the greenhouses.

Trial 1 Trial 2 Trial 3
Collected date 2 May 10 May 6 June 6 July 28 July
Species Release Control Release Control Release Control Release Control Release Control
Diglyphus isaea 45 0 24 1 3 0 1 0 39 15
Indigenous parasitoids * 0 0 0 0 5 0 12 0 0 0
L. trifolii (host) 7 25 2 46 13 23 2 31 2 2
% parasitism ® 865 0 923 2.1 389 0 8.7 0 95.1 88.2

# Neochrysocharis formosa was dominant species.

® Number of parasitoids emerged / total number of parasitoids and L. trifolii emerged X 100.
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Table 18. Contact toxicity of some insecticides and acaricides to adults of Diglyphus isaea and Dacnusa sibirica

% corrected mortality °

Insecticide and acaricide (Formulation, %Al) Dilution ® Dacnusa sibirica Dacnusa sibirica

Organophosphate
Acephate (W, 50) X1,000 100.0 100.0
Dichlorvos (E, 50) X1,000 100.0 100.0
Isoxathion (E, 50) X1,000 100.0 100.0
Malathion (E, 50) X1,000 100.0 100.0
Methidathion (E, 40) X1,000 100.0 100.0
Naled (E, 50) X1,000 100.0 100.0
Pirimiphos-methyl (E, 45) X1,000 100.0 100.0
Pyrazophos (E, 27.5) X500 100.0 -

Synthetic pyrethroid X1,000 1000 = 100.0
Ethofenprox (E, 20) X4,000 100.0 100.0
Flivalinate (W, 20)

Nereistoxin analog X1,000 100.0 100.0
Cartap (S, 50) X1,000 100.0 100.0
Thiocyclam (W, 50)

Carbamate X1,000 100.0 100.0
Ethiofencarb (E, 50) X1,000 100.0 - 100.0
Methomyl (W, 45) X2,000 91.7 100.0
Pirimicarb (W, 48)

Chloronicotinyl X1,000 . 100.0 31.0
Imidacloprid (W, 10) X1,000 100.0 100.0
Nitenpyram (W, 10) X2,000 70.8 5.6
Acetamiprid (W, 20)

Insect growth regulator (IGR) X1,000 0.0 3.3
Buprofezin (W, 25) X2,000 0.0 3.3
Chlorfluazuron (E, 5) X4,000 0.0 0.0
Flufenoxuron (E, 10) X1,000 6.7 0.0
Pyriproxyfen (E, 10) X2,00 33 10.0
Teflubenzuron (E, 5)

Acaricides X1,500 - 20.0 46.7
Bromopropylate (E, 45) X2,000 486.7 86.7
Dicofol (E, 40) X1,000 ‘ 63.3 46.7
Fenbutatin oxide (W, 25) X1,000 100.0 100.0
Fenpyroximate (F, 5) X1,500 83.3 100.0
Milbemectin (E, 1) X1,500 72.0 82.6
Propargite (E, 30) X1,000 75.9 73.3
Pyridaben (F, 20) - X2,000 0.0 0.0
Hexythiazox (W, 10)

Others X2,000 100.0 100.0
Emamectin benzoate (E, 1) X1,000 100.0 100.0
Chlorphenapyr (F, 10) » X1,000 0.0 0.0
Bacillus thuringiensis (W, 10) X3,000 0.0 © 0.0
Pymetrozine (W, 25) X100 0.0 ' 111

Sodium oleate (L, 20)

* E: Emulsifiable concentrate, W: Wettable powder, S: Water-soluble powder, F: Flowable, L: Liquid
formulation, G: Granule

® Materials were solute in acetone.

¢ Corrected by method of Abbott (1925). Control mortalities were from 0% to 16.7%.



Table 19. Contact toxicity of some fungicides to adults of Diglyphus isaea and Dacnusa sibirica
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% corrected mortality °

Fungicide (Formulation, %Al) Dilution ° Diglyphus isaea Dacnusa sibirica

Captan (W, 80) X800 75.3 51.3
Zineb (W, 72) X400 53.3 33.3
Diethofencarb+Procymidone (W, 12) X2,000 29.4
Copper sulfate (W, 58) X500 23.3 23.3
Sulfur (W, 52) X500 22.4 48.7
Difenoconazole (W, 10) X2,000 18.8 —
Potassium hydrogen carbonate (W, 80) X X1,000 16.7 6.7
Mancozeb (W, 75) ' X400 16.7 23.3
Triflumizole (W, 30) X2,000 16.7 0
Anilazine (W, 50) X600 13.3 10
Triadimefon (W, 5) X1,000 6.7 79.1
Benomyl (W, 50) X1,000 6.7 6.7
Chlorothalonil (W, 40) X1,000 6.7 0
Iprodione (W, 50) X1,000 3.3 0
Procymidone (W, 50) X1,000 0 6.7
Triforine (E, 15) X1,000 0 .
Polyoxins (E, 10) X1,000 0 33
Chinomethionat (W, 25) X1,500 0 30

@ See Table 18.
® Materials were solute in acetone.

¢ Corrected by method of Abbott (1925). Control mortalities were from 0% to 16.7%.
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Fig.29 Residual contact toxicity of some insecticides on tomato leaves in greenhouse to adults of leafminer
parasitoids, Diglyphus isaea and Dacnusa sibirica, Closed circles with solid line indicate D.isaea, open
circles with broken line indicate D.sibirica. Formulation in parentheses, see Table 18.
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Table 20. Effects of some pesticides on mature larvae of Diglyphus isaea

Pesticide ( Formulation, %Al) @ Dilution ° % emergence =SD(Total number of mature larvae tested)
Insecticide and acaricide
Methomy! (W, 45) X1,000 2.6 3.6 **° (37)
Ethofenprox (E, 20) X1,000 26.9 +5.7 * (43)
Thiocyclam (W, 50) X1,000 30.5 +5.3 % (58)
Pyriproxyfen (E, 10) X1,000 43.0 +18.5 (57)
Pyridaben (F, 20) X1,000 68.1 5.2 (70)
Fenbutatin oxide (W, 25) X1,000 80.8 =144 (65)
Flufenoxuron (E, 10) X4,000 77.3 £10.2 (38)
Teflubenzuron (E, 5) X2,000 80.5+11.5 (50)
Bacillus thuringiensis (W, 10) X1,000 84.51+15.6 (53)
Imidacloprid (W, 10) X1,000 849 +12.4 (61)
Hexythiazox (W, 10) X2,000 86.1 X104 (43)
Buprofezin (W, 25) X1,000 92.3 +10.1 (35)
Sodium oleate (L, 20) X100 97.4 +3.6 (65)
Pymetrozine (W, 25) X3,000 91.1X£74 (51)
Fungicide
Benomyl (W, 50) X1,000 90.9 £12.9 (38)
Chinomethionat (W, 25) X1,500 89.1 £10.5 (32)
Zineb (W, 72) X400 97.6 £3.3 (35)
Captan (W, 80) X800 100 %0 (45)
Mancozeb (W, 75) X400 98.7 £1.9 (51)
Water (control) 86.5 16.3 (48)

% See Table 18.
® Materials were solute in water.

¢ Asterisks mean significant difference (p<0.01 = **, p<0.05 = *) between treatments and control by one-way

ANOVA using angular transformation value.
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Table 21. Effects of some pesticides on attack behavior of adults of Diglyphus isaea ‘against larvae of Liriomyza trifolii

Pesticide ( Formulation, %Al) 2 Dilution® % killed hosts =s.d. (Total number of hosts)
Insecticide and acaricide

Ethofenprox (E, 20) X1,000 11.4 4.4 %%k © (52)
Imidacloprid (W, 10) X1,000 20.4 9.4 %% (72)
Pirimicarb (W, 48) X1,000 16.3 12,1k (136)
Pymetrozine (W, 25) X8,000 45.7 £14.0%% (161)
Teflubenzuron (E, 5) X2,000 81.8 £18.3 (257)
Fenbutatin oxide (W, 25) X1,000 92.1 4.7 (139)

Bacillus thuringiens (W, 10) X1,000 93.2 8.0 (197)
Sodium oleate (L, 20) X100 94.7 7.5 (186)
Buprofezin (W, 25) X1,000 95.6 3.3 . (2186)
Pyridaben (F, 20) X1,000 99.1 +1.3 (191)
Pyriproxyfen (E, 10) X1,000 98.9 0.8 (201)
Flufenoxuron (E, 10) X4,000 100 %0 (202)
Hexythiazox (W, 10) X2,000 100 +0 (101)

Fungicide

Chinomethionat (W, 25) X1,500 99.6 +0.5 (222)
Captan (W, 80) X800 100 +0 (164)
Zineb (W, 72) X40 100 0 (194)
Benomyl (W, 50) X1,000 100 *0 (175)
Water (control) 97.8 2.2 (194)

® See Table 18.

® Materials were solute in water. :

¢ Asterisks mean significant difference (p<0.001 = ***, p<0.01 = **) between treatments and control by
one-way ANOVA using angular transformation value.

Table 22. Effects of some insecticides on parasitism of Dacnusa sibirica against Liriomyza trifolii

Insecticide ( Formulation, %Al) # Dilution ® % parasitism Fs.d. (Total number of emerged insects)

Ethofenprox (E, 20) X1,000 1.9 +2.6 %% ° (75)
Pirimicarb (W, 48) X1,000 4.2 159 % (108)
Fenbutatin oxide (W, 25) X1,000 70.0 =28 (26)
Imidacloprid (W, 10) X1,000 86.6 8.3 (47)
Pyriproxyfen (E, 10) X1,000 93.9 8.6 (60)

Bacillus thuringiensis (W, 10) X1,000 944179 (31)
Hexythiazox (W, 10) X2,000 94.1 1.9 (59)
Pymetrozine (W, 25) X3,000 97.4 £36 (21)
Buprofezin (W, 25) X1,000 100 %0 (22)
Sodium oleate (L, 20) X100 100 £0 (24)
Water (control) 89.3 +9.1 (29)

? See Table 18.

® Materials were solute in water.

¢ Asterisks mean significant difference (p<0.01 = %) between treatments and control by one-way ANOVA
using angular transformation value.
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Fig.30 Effect of Imidacloprid 1G on attack behavior of D.isaea against L.trifolii on tomato. 2 g per plant applied
to planting hole. Closed circles with solid line indicate treatmeﬁt, open circles with broken line indicate
control, n.s. means insignificant difference (p<0.05) between treatment and control by one-way ANOVA
using angular transformation value.

(5) RAFRBEICLS | GRADAHYIFTEX/NF  Table 23ITR L7
RMOEFICRITTEE L= iXbuprofezin, teflubenzuron, flufenoxuron
IGREABRBHAFZ A7 AANFORERBIC B X UpyriproxyfenT, ZNZN50.7, 544, 61.6,
WEL 725G ORBEREROPLFE (=FLEPE 618%THY, WIFhdHRD544% L DEZBO LN
B (FEBEPER+RCFEHRE) x100) 2 Zdol (p>005),

Table 23. Effects of IGR insecticides on progeny of Diglyphus isaea adults

Insecticide ( Formulation,%Al) 2 Dilution® % parasitism ®+s.d. (Total number of hosts killed)
Buprofezin (W, 25) ' X1,000 50.7 6.0 (165) n.s. ¢
Teflubenzuron (E, 5) X2,000 54.4 +10.2 (189) n.s.
Flufenoxuron (E, 10) X4,000 61.6 9.2 | (189) n.s.
Pyriproxyfen (E, 10) : X1,000 61.8 £6.3 (95) n.s.

Water (control) 54.4 422 1 (281)

® See Table 18.

® Materials were solute in water.

° % parasitism : No. of adults of D. isaea emerged / (no. of adults of D. isaea emerged + no. of dead larvae of
L. trifoli))>}<100 ‘

4n.s.: No significant difference (p>0.05) between treatments and control by one-way ANOVA using angular
transformation value.
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6. 4 EE

VAR, BRAETHREIHICKBEEN OEANR SN
T b Mid, BERATOMEY L, A EAHSORE
UL OBRBEND L, TOTRTUIDOWT, Kl
BT 5 B2 M 2 DIXEETIZ D 55,
HAREORVEA, Ho5VWIESHREASRAENLH
FEHNITOWTCIE, BAINLIKBEMIIHT2EE:
HoOPLORF L TBULEFH L, L2AHT, BF
ETH WA E N2 ANE T YN ZORREE
BAGFITEAINFENESY IANFIIHT S
BEOBBIIOVTRE, ThETIIWL 220#HEs
»% (Beitia et al, 1991, 1992 ; Helyer et al, 1992
£ARD, 1993), LaL, Ihdoiikix, ®IE
TREHEEOS L WEHMZH-> Tz, Flgl
REBRADEBEWN TGO AL 7B 2 HE IS
LrFoTwa, 22T, AWRETIE, chbd 20
FABIHT 5 BREOHEBIIOVT, BHNRABIZL -
ThEA D O 3l L 720

HEEY Y, h—nN—=2x—1, FRELVRAUAL FBX
U3 I 4R MFY Y ROFEBFPERBANOWTI,
AL 720 Th oA b FAEBERELHRB L OF4
TENCHT BB A LNz, B v R0k
BRUEBRBHOFANL, BHCBTIIAINESY
NIDTEFEERECAELREBEE525Z LD
PoTHBY (FEHED, 1996), KR THE- 7z 2 HEEF
AN L TCOBODTHEGHEB LS 25 EH S
ENzo F72, K% EHBFICHEZ RUELEED,
 ft3R L 7=acephated & Ufosthiazate T, MRV ERH{E
HAE1 - AU ERRL, R0 RKBEEAT LA
FRHLI W e N (Fig 29). CD LD
2, TERICRB sz S 2 BoNH ARG
ik cRBER 2R THEBE LT, FEEIERO
I 2 S L3 H %2 & A SR BT 5 2
EdFEZoNZ, LIL, UHRZE=—VTY—N
LTEREZT - IRBRETD, FROBRBIERIGED S
hizZk (UMD, RER) »5, FH OB HHY
HRICREL TEORMICLARL, FEENSIh
WCHEMT A0 EEZONRE, WTHhIZLTY, 1
Y U EOFERINER AN, Kz HHT 2858
BARICITEA E LTHARDZWEBDbNS, v
ImidaclopridicREE N5 7 ww =3 F = VR W
# GENDS, 1994) %, F#Y Vi CBEOZRBHNIC
BEVPET LAFWH L THARMTHY, 775
AVE, 2PV IFLLEOYAEHBRPBEAERER

N L ORRICRCEREELZ A L (P9, 1993 3
NS, 1994) 26, KFAHEhODH 5B, 72, K
WIS T 2 BB RI/AE L, FAFRCBNT
TERBREEHR L -REBRERCDEAIA TS
(RA, 1995), L& L, imidacloprid/kKFi#lix+ > ¥
VYUY aNFITH T AR (b, 1996), F7-
SRIOREETI ANEST YN OFERE 2 /IS5
FREERANHRL, FFETHITIHEEHD A
bR, b= MEREECTREE AV 2 RABIBRACRICHLA
ALl 3L WEEbhs, —J, MAIAEL
imidacloprid A i3 A4 e Bk BT 4 2 BB IE &
CROLNT, FM2OUEERN 3 ERERT S L
FEFB~NOFBLRDON L B olze ThHDH
BhS, MY MEBE T ANEZY NS AR FH
T 5413, imidaclopridiiflZz &7 uu=—aF=n
SRRH 2 B WSS 2 H B+ VT IFAOB
BRORPODERANLEZ NG,

I G RABRBANTMICHE P ER L RIS
LREARBCEHL, EEGRELHEETS (A -
9, 1997). ¥72, FF VARMERIL, RiUCE
BESELLETENNOSMEPBESINLIEH D
LA imohTws (Frl - &%, 1997), 2T,
RANEZYNZOFEEICH LTHRBEOERTD
2L % 1 GRABREHF 5 H IOV TMARH
R, AL Tho#ld, [ 7exransFoi

BMORBHFIIH L CIRIFEACHERRADONED

o7 X2, AT R INFOMBERIZT GRA
ZEL-REBRTIE, FEBROENCIVECLLF
FERHUTF AR ORI A S BRI IZERT 2
ZEMD, BBEINBCYRIEFEAREBIICL S
RELEZOND, 22T, MERRZUELLEHO
WEERTTETENMIREHEICL > THRET
i, ERShinzldBTHhRETmES LS
72, FUL L2548 LT OBy ROAE I
THRMBEOHGIELBIIHRTEL LB LELON
2705 ALV ThoEA TCOAEBREIRDSNT,
RROEFITH T H2HBEIRAD ONE ol D
2, FETHICRIZTEELALRLZNI LD, —
DT GRANT, S ANETYNZFEBRIINTSLE
BOSoBERAILWR B, 28, buprofezinllow
TiZ, SEORBRTIIFEBRER, B L OFELT
HIIRITTHEIEBDOLNTHRV, 927
LA I AF ORI L CIRETORE (BIMER) 2
HbHEEIN (Beitia et al, 1991), TNEFY O~
INFHEHIZH L CHDHENROLNE LT HHED



bb (BARD, 1993) 72, PEFNVEVEEY
B Td %pyriproxyfen (EZME - H1ill, 1987) 122w
T, A% 72 8FEHUTH T 555V RLLE
TERDRD DN, CANF AR AVIIHTIEE
ZRBIRVD OO kI, 1993), Ay vyyva
23FEncarsia  formosalZxy3 5 FMLBHE (4, 1996 ;
Liu and Stansly, 1997) &FMLERBOPOAHE (Liu
and Stansly, 1997) RH A4 T &V OFEMBIZHT S
HELKE (Mendeletal, 1994) »HEEh T2,

BN LI, IGRAZBETIANESY N
FHEIHNTEAELRLBIS L, REVRERD
HFICHARATRE L b5 %5, R § 2%4ek
ZHERT 5720121, SIS RBETORIENSLE
Thbo B, NEFY) AINFOFAEFECRIT
THEEBIIOWT, YANEZYNZIIH L CILHEE
YR ® % Aflufenoxuron (FEH S, 1992) ZEDNY
VANT 2 2 VRFERILEWE, SHAT - - FE®ED
PUGIT & 2 38l 5 3 TR BB EAEDNIZ L A EHERTE
BV DIITE Zdrolze SHLDEHDNESY
ARINFOFETHICRIZTTHELZARL DI
&, FABEERICEELHH L CENOFELHED
DR TR ELEV,

Sodium oleateld, ¥ ¥V Y¥aANFRFY HTY
Folp EORBEIHEODZWI EFHL %o
Tw5 (BHES, 1995; #, 1996). AW TH- 7=
RANETZYNZHEABE2FIZONTD, Bl s
AHz7erans) BLOFETHICNT IEE
BRDOLNT, RKBEEMAGDLETHEATLII LI
WiETH2, 72721, AFERROZEROWHME
Bl EHEZRD, BAE, BEMREDL L ORING
BiIZEAERY (REHD, 1995) OT, MANIHEN
3 LBRAGEIERONE I,

Pymetrozineld, ¥ HEHRIN L CRki{T8 %
ELBIES LR LR (Kayser et al, 1994 ;
Harrewijn and Kayser, 1997) #4%% Y, {flioofm#lic
WLCEREORELLERIHLTOIER
(Fluckiger et al, 1992) TF* ¥ ¥ v ¥ 2,35 (Senn
et al, 1994; #K, 1996; #AH, 1996) <N NFN
F (Senn et al, 1994) T A2 EELEEL LWV

P OBEVBRARCTORBHE LTHEShTY

Bo RANEFYNTEFEBEIZONTD, REBIT
DRIHT 2 RIS BO ST, NEFY T
TINFDFEEFTH~NOBEDAONE D5 T 7272
L, A4 7 e XanNFOFETHITTE2ETOR
BHRZD S, SHEA FIT L X INFHFEk
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WEREZ T 2HEGD Y, RORMIAE LM%
PRPIICER Y AA P2 72D ZH OF OB A HEMRH 2R H
Lz7zotE2 605, LAL, SHEORBIEHNO
HERTRTVWENERICI2DDTHY, BENT
ToAMKDOERTRIEEIADR TR (UM,

19993), D &P Sbpymetrozined I G R & [

ICRABDBARRICHEAART B E Bbh b,

B T#HIZ2oW T, Helyer et al. (1992) *°Beitia et
al. (1992) T TICHMELTwB LI, 2MHF4ER
DELHRB L OHHITHT 2 BB ED ST (Table
18, 20), F7-5EBIOREBRTHANHIITTLHEDR
D HNhh o7z (Table 21, 22), #-7T, BTHIL,
BrEHEROBRTELE LT, REPBRERICHAZ
LT LREH LB,

Y =HNTOW T, FOMFIC X o TRBICHT
SEBEMICIESDERA LN, WEBBH LA
T& Afenpyroximate, milbemectini3 X Upyridaben®
3HNZ,  FEHIR50% DL b & FA M AR BETEIX
RPE s o7z (Table 18)o Pyridabenid, b~ h#i%
TRIF VI IFOBREHL LTHVLRTVS
B, BAERL (1993) OE LIS, ¥ ANESY
NIFAWEIIN T 2RBERS DY, FRERIBIHED
R, M MTHEBRZEATLIHACIBEALICLS
WHIEEZ DD, 72721, RIS —XT R TH
T, SANEZYNTOLEFERHEICTT LE
B (RS, 1996) & ShTHY, S8 b
RMRFEIHICBIIRFADVEL RS —H,
bromopropylate, dicofol 3 & Ufenbutatin oxideid,
fenpyroximateZz & HERFHT L Wik 5y = #IC RS &
FAEEII T AREIREEL, AV VY YT anFRR
xR EMIE S 1 HEmy G4, 1988) &
5, RANEZYNRIEEBRIINTLEFDE L
PHEHE B, & 5IT, dicofol & fenbutatin oxide Ti,
AH L7 X NFOI (Beitia et al, 1991) &)l
(Beitia et al, 1992) 12X 2BEEHIRD LNT,
AWFZE T b fenbutatin oxidelZ2WTiE, 47k X
IONFHHICHT BB L 2 MO FAETEIH
THRBIRDONL Doz #oT, dicofol &
fenbutatin oxideld, RECEAERM ¥ 2i3F5E¥DOR T
— VDI FE RS RO CIIERATRE Ebh b,
% 72, hexythiazoxiZ2OWTiZ, A7 A INF
DYY (Beitia et al, 1991) B LUl (Beitia et al,
1992) 12 b WEOL W EATTIHE ShTO B2,
AEFFETHRE, FuB L OFETEHICRITTHER
R oNhdrolze RHINT ZHHOWRPLLRDFE
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BFRMHETAEH QUES, 1987) HBHsIENH I
GRED—HEEEZZ bh, KBOFY A7V ¥ =1Tht
THEEL R (ILHES, 1987). fEoT, AHIIK
EUBREROBTONT X ROFE L L CH AME
BdHs), '
BHEACOVWTIE, BRUANHRS LBTTHFEE
BB 2B MAEMIZE {, ZhidHelyer et al
(1992) %4 K5 (1993) O#E, H5VIIREHA
R2FNDF 3 I X ANFITH T B HEERATE
(1988) DOFELFEBTH o720 T F2captan® X 912,
BB R R BEE O B 7] D S R H AT
BHICRITT BT LB o hh ol TDZ
Ehn, REHAOBAICEL CX, KB~0OLEZD
FOEBLAELTCHEIVERDRS, 72751, captan
BAHZTERXINF NEFY AT EHITH
MBI AG0% LA 725 72D T, KoE A OwHf I
YR BULENHA I, T72, triadimefonTix, /NEF
YavwanF ity L TCoOABRIEMAIRD ONzD
T, IVEZ ) AINT 2 BAFOERF OFAIIIER
BLERDHS I,

BB E R e LERBEM I, RAE
THHB AR EACEZONDDOH D, D7D,
KB (1996) DB L7z X 51T, BB HEAkH
HREEE LT, BELOMAICLZHBROMKRIERK
W3 5 REOEF M RSB IHIR S N B LE)
bHbo * Y IYYXANFIINT HREOPE IOV
i3, I0BC/WPRSDU —% ¥ 7 7 M—7 2k %8s
(Franz et al, 1980 ; Hassan et al, 1983 ; 1987 ;
1988 ; 1991; 1994) ZixL®, BAEETLWE
(1988), #iF (1994, 1996) B X U#k (1996) DHE:
BHY, WHOIFEALOEHOEENH LI R
TVWBHDT, 5#iE, 9 LMMOREICET 508
F—F LRANET YNZFEBICHT 2 HBT—5
2T HbET, BRERRICRHTLEANTERT S
VEFD B, Mk#HRE b= MTlE, RFRETTANE
FUYNZHFAEIIHNT BB N EBHLPITR
o 7zflufenoxurone €M I G R & pymetrozine3 X U°B
TH#%F4kE LT, Z0u=aF = VRORAOTEH
S % M AR A PERAR A O BRI S b
ROERAMEEZOND, T, WREE I TR
BRBELTELERELTVERIMINFNFIZHT S
REWDBFICANIREBRAEROBBIH TOMR
HALEL RS9,
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BT AR CGERTER G 2 G L 2-RBAPiBRA R

DB IZHE

7. 1 #%

1]

BSEBETERREDEIE W L (Malais and
Ravensberg, 1992 ; Minkenberg, 1989) # & HH
TOMAICHEL TS EEZONLLFTATIN
FDOIANETYNZIINT BB BRFIRERE Lz,
TOHR, BEZILALEA LT MNEERER
FIZBWTE, BRBICIANETYAZOBEELN
il R R T By

RIZ, BOETIE, SANEFYNTOFEBEAL Y
L7 A INFENESY IRINFICHT AR
HOKEERR, WEEHITERY VHPAERE LR
v A VAl EOFEBIREBR AN L TREZEROR
WZERHLPIT U, —RRICEERY TIIRA W
FHIINT 2R ESHEKICHA SN 0T, F4
BE RV -AYHREZHBICER I €520
&, SANEZYNZPAOERINEDERLC, &
AT HEERIHEEOSLZ VI GRAZREZMAAR
REDIBREREBEL, TOEMEZHBLITHICE
WTHREES 3 LB D 5o

ZFCT, AETRE, FE6ETERLLETANESY
NLEFEEIIH U THEO DR EIREREH L5
BETRVWEENHMREEAE LA P T7exans
EEORBEMN L 2MAGDELHBRAROEZAE
%, Mgk b~ bOBMITHITBVTHRIEL 72,

7. 2 MBETE

(1) #R&

BB, A7 v FhomAShIzAYT T
NFENEZY) avINF O 2 BEORBEM 2 Hv
2o SNHIRAFH, LELICHMBRICHRE S,
%%Lﬂ%&lEuWG&E(i7/ﬁﬁé55%)
4 H R L.

(2) #REE/NEEERETICSH 2 RbER

A, #RRNERERITEEOI= P PER

DB A (BE7 4 VAEY) 28 (FHH1la

L#5a) Tiioe 1M (W5a) BREBHAK,

I 1B (Flla) EABBREE L, WRBNY ZAD
HWEICKH 1B EVORRBZRE L7 (REBZEE
XE) o 19954 8 A26H I 1 EEPATEHIDOI = b=

M (RE D 2 a) 460Bk% KIIXIC, 1080%k % AT
KICERL, 244N TE Lz, BHfEEAR ETRT
OERREMIHEYBRRNFT, BEXNATHLIYE
BESIRMIZCIZREL TiTo 720 RBLHBOREI,
FEIC L Y BROUB CHEAT - 72

1995%E 9 A20H, 9 A27H, 10A 4 HEU10A11H
DFHAE, AHFLTCRAANFENEFY ITINTF
DR H 525088 (£5008H,102) % REUKEAX DNy
A DIZIFHOTBE L 72,

IANEZYNIER EFEILOBEREIL 2 BAEH
fB, HERHENS vy FIC L B FERBOFALT 1 E
MR CT, EME®%O9IA P LBRE2ARUET
ol AMEHEIETIE, FEREROBEBESL
D=03123%E L= & OB ERERBUISHEE TH
D, RKRETERNY ALEPS2BH (RBK) 7213
24k (BITX) %% 7% MR CRtl L Ciidkz
BE L. &6, ThHREROTEEICERL:H
EIZoWT, BTEN,S, 5, 10, 158H & 5 #ifrH
RTEELZRACRERLZERE L2, BR4-)ORE
ERIIFEFBHETAIC Lo THmMLA2, —F
TEALLTEIBEERIE S 2720, AEHRO%
PS5~ 6 BELIZIZTETH o7

il L HFILORETE, AEE LOTTOELE,
HERIZR ANVE 7 Y NI QAL RAED 5N BT
(UIF, EfFLHHR), PERICECH R FRD 5 h AL
(BLF, BEHH), EFFLERCYHURIERTER
Witkfl, O3B/ THZ, K44 DR TR
B (BEFYBRB+ R 2R L

Lz, 72721, T TORCHRIZBES T IIEE

CEA LBt R 2 ~3HoRBHOMR L
L, WO CHEOREDRHICEC LA BEbhsE
AELF 25 Ozl WERRR, WHRTOEFEDORIAE
/NS REERIIECTHRIZIZED Lo BB,
HOREZRCERICED LD o Did, FEBOEF
FARBERRRREEO D 5 FHIC L Y BT L EE
BENICRORE - BEL, TOLDYHRBTHE LI
L EDICBREETLAZLEPEIONLZDT
Hb, RUBHBBRBOAETE, KEMEII YT
[HORIVER®] (%25 x #10cm) 2 &KX 6 30, B

F18mOMEICHRNICHFICHL, Thok 1EH
HRCEILL TS ANE S Y STl & SRR O
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FHRBE RN,

FEBOME L ZOFERIIOVTIE, BENLR
WKHREPLIANETYNIYHOFELNEE S
VFBIZA0~50BEREL, TS ERBRKEZRVAER
#125ecm D ER10emD T 5 AF v 7 BEEDOHIANT
#125C OERBPNCH 3BEMBGEL, RLL R0
BERERR B, FAEBOFEIE, /A (199)
o7z,

KRPAE, MXEHEFEMELTI MIBII2E
B Rt o TR OB L ORI AR 2 B
Bizo RKEUREIX T, AL 6 = CTHagITd
HWBPHBRV W EPHLNE R oTWAL 3
yruZy FhH F6F) 2 g HEFEHKRY M
BAi L7z E5IAF T AQANFENETY OY
INFIHEBORWINT 2 ) 7 A HRTTa7
YV VHIZED T GRAIL B THI 7% & B ES: hH
((B6E) ORPLBRNLEH28HA L. T/,
KEMBFAR TIEIAN—Y —7aF V5 IFEL LT
F ¥ Y X 2,5F Encarsia formosa Gahan (&> X
Y v 7®) ®420080 102, ¥ ANEZYNZREE
RN B Lize —%, WATRRR O B4 0%
R & VA BB O B O BATICHE © 720 BRBH
B F9Y VRA L EIZBRVWTHK & e B
T, TRCORMBAFHELRRIT o720 B, K
BRI ITREF -y u M2 RB LT, 1EBECE
WCRIRZ HE Lz
(3) BEEFKTICH T2 RMHR

A, FEEEKTIEO b= FBROF T A
F2H (LDCHMEWNSa) TITo/. 1 HIEREIK
X, b9 1HUIETHBRRE L, WREB T 2O
BN I mEAEVORRBEEZRE L (RBICER
). 19954 7 A29H 4 1 (BB RO M~ bl
(. RBEE 25) sI2tke&RKICEmL, 144
MTE Lz, BEEERETRTOBEEMIHYE
RIATV, BEFILAPE LY REKRH12CICRE
LCirorz. REBLUBOBMIZ, FEICLYERD
HIWCHEEAT - 720

RBOBENIFAE 9 HI13H, 9 H20H, 9 H27TH R
U107 4 HoFH 4 BTV, BIECEERET & F UBEEE
T2HEOFERZBH L, '

AR, EMERZO 8 A L2 512H A T,
ER CORBREFRBOBETIANET Y NNZOF
EHR L FAEROBEERAE L, 2L, BATS
9 INOFBINL, TANEZYNTORRAR, F4
BIZOVWTEAE LD 572,

BHEAE, WREDFEAMELTIMNIBITEE
JEH AL HL I HE > CRAOHE E ZOMH R L T
DA, REBEAR CIINAOFE Ry MLEI D
T, BRI 2HBORNI EHBEL TS
T7a7 I VHIEBTHRIZE (6% ZRERD
FEAERKIIS UCHEEHMA L, 727220, mXEd,
K@K 1 » AR TIKRY, ENHXEXF
TR L L CRBUCH T 2 EBOBVWARY LA 4
FHIRH =N A= 14 (B6FE) @Al $7,
RKBURFAR ClZaFrvyg Ige LTty yyyya
NF (VAP v 7 ®) %42008H,10a, % A/VE
FYNZRKEEFBEY (4H) E5C11A1 I
ELEHBER Lze — 5, BATRIBRX o 8 3 H4] 0 EIR
LA B ORI, BHMOBETIIR - BB,
BREHNCOWTE, BHINSRY #— 82— 1A 1],
ARETTPNHARTEHE MY 73V —VHEH1 H,
VR DB L ORAIC K Y WRICEA Shiz
T OEHNHA T Y BRIT - 720
7. 3 #R
(1) $hRBEE ESHRETRDERE

ERFHT & 1B KT ICBIT B ANE S YN OEES)
HOBEHER 2 Fig. 31 EBRICR L7z, RT3 EE
W MABICHRRBEY -2 232 MRS SN, 10H31H
DY — 7 TIIRERSI X T EBITBRX O 2 o BE
THho2d, 12HI4B DY — 27 Tik# i KA X &
BATHIBRRE OB /20K TF L7z, AT T, BEY—
73E-&0) LadhoZb0n, REURFK CI11A
) CIREBESLIEIZRITV OB L, 11LA29HI—
RICBES LR Lz —F, BITPBRR TiX10AF
USRS TERBETHR L, 10AHHBREICOW
TIHETRBRE OB PR & 0 BRI KD - 720

RIZ, RANETYNZHRBCEROHER % Fig. 31
TBIR U7z, AT, KBS 9 A
TRAECTERRMTX & HIFF0%TH o 7275 Kk
X CIIRBOR SIS TN ER LT, 11A30HIKE
876%, BAFATIED 1 H11HICIZ974% & o720 —
¥, BABIRE TIE, 10A31H®193% L 12A14H®
56%%B\NT0%TH o720 AN T, FERBIE
D8 H 8 HTIRLTFIZION TH » 7248, KEURMAKX
TIRRBSAR O 9 A 6 A MBI ERRE LR LTI0
H 4 HITI3969% 2 L7288, 799%~958% L & 3
BL7z. —F, BATPHRX TiE, 10518H % T0%~
37.1% & RERFAR IZ AR TEA - 724%, 10A21H1C



HHEH L TEREROB VA v EFF VH (R
b, 1992) HEAE =L, EHOMRLBbLS
HMFETHFRBDHOLND L HIRY, HHBTHEIFIIA
15H12100% 2% L7z,

kB, ERITORBNY 2 TE, I ARRZHIRER
WABOC YL EZR L2028, HEHRRIZIA L
108 LA FET0CUETH o720 BEEZHIBL
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Fig.31 Seasonal changes in the density (£S.E.) and mortality of larvae of L.trifolii on tomato in greenhouses
with parasitoids release (closed circles) and in those only with chemical treatments (open circles). Arrows
indicate release of parasitoids, D.isaea and D.sibirica. Upper lined numbers in circles indicate pesticides
treatment in greenhouses with parasitoids release, and lower lined numbers in circles indicate pesticides
treatment in greehouse with chemical control. Numbers are as for in Table.25. Numbers with underline:

mean combined application.

(2) BABEO#E

Fig. 321238l EFEBIURTHRZEALE TN
TOEI) OBEHBER L ERIITIE, KUK
FXIZ11H 158262, L ¥ —2 2R LRI
CERL, RWHERO 1 A11HICIE33E ETho 7
DRI LT, BIAHBRE T LR 4
LT, 1ANBICERBBEARX X )% \W39E FETH
o 7ze WA T, REBEX T 9 H SRR m
BZRL, RRRAEROI2H 7 BICIZ138M ET
Hotze —K, BIHBRX TIE, 10718H D20MH, %
BY—ZIZZ0BBEA BRI L, B, MR D
RBHFAX TIE, 1~ 2 W ROKRTERMEIEL
7ABRIOBEILOFEYTE L, FRICHRBEE TRl
X /A EYEL 72,

(3) HEBHEE NS Y TICL3FRBOMRE

Fig. 33 (A, B) i%, WRABRICBIT2HEME T
59 FRBERENIZTANETYALRERORLE
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Fig.34 Seasonal changes in the composition of parasitoids species that emerged from L.trifolii larvae
collected in commercial greenhouses with parasitoids release. Numerals on the bars indicate total

number of emerged insects.
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Table 24. Sex ratio of Diglyphus isaea and Dacnusa sibirica emerged from L. trifolii
“larvae collected in the greenhouse with parasitoid release in Hamaoka.

Female sex ratio

Sampling date D isaea (n) D. sibirica (n)

18 Oct.1995 0.33 (6) 0 (5

31 Oct. 0.62(13) . 0.47(17)

15 Dec. 05 (8) 0.50(14)
30 Dec. 0.46(13) 0.67 (3)

14 Nov. 0.51(35) 0.39(23)

11 Jan.1996 0.46(24) - (0)
Total 0.49(99)n.s.® . 0.42(62)n.s.?

a

n.s.: No significant difference from 0.5 (p>0.05, y?test).

(5) FRHIWAFRBOEEL 20O

Table 25i2i%, BRI HICHA & W RMHA OFE
¥, EANRERROBAEEER Lz, BT, &
KT E HICKEE CI3FIC I G RAZ: & oBIRM I h
HogAish, BIFX TR
FRE VAT A FHIZG EIERRER BH S Bf S h
7o BB DOEAHAT EEUE, JERAT T
REBUREX A9 B CEATHBRE S 9 BERETH -
720 WA CIIRBUEAX D223 L TETHIBREK
12250 & KA X O Fase e b drolze 22T,
RANETYNLEFRO 2D OBAEEL, EREZ
RBBEARYE 7NV 7 2 7 20 H2BHRGEEE
HEHO 2 BEA L0 LT, BITHRR TR
HIZRANETYNIEEDP ERAL212A EAICT &
Zx—=bRIETNT 2 7 A0 YHIHGEME NET 4 E
B S7zo —%, WATHORBBSR Tlde 2 NE
FYNZICHT B RABA I —EDITbI i o720
HUT, BABBRR TR 77 2— MIRA VFHTF
F VHlR CEt6EIEAA S, WX E < ANESY
NI B B B0 RO X 0 5 A58 & s
Lotz
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Table 25. Frequency of application of insecticides in commercial tomato greenhouses.

Applied insecticide(Formulation,%Al)?

Hamaoka Shimizu
No. Main target pest
Biological®  Chemical  Biological®  Chemical

Organophosphate

1 Acephate (W,50) Liriomyza trifolii 0 1 0 2

2 Dichlorvos (E,50) ‘Aphis gossypii 0 0 0 1

3 Isoxathion (E,50) Liriomyza trifolii 0 0 0
Carbamate

4 Methomyl (W,45) Spodoptera litura 0 1 3¢ 5

-Synthetic pyrethroid

5 Ethofenprox (E,20) Bemisia argentifolii 0 0 2f

6 Flivalinate (W,20) Spodoptera litura 0 0 0 1
7 Permethrin (E,20) Spodoptera litura 0 1 0 0
Insect growth regulator (IGR)
°*8 Buprofezin (W,25) Bemisia argentifolii 2 1 7 5
*9 Flufenoxuron (E,10) Liriomyza trifolii 2 3 0 2
*10 Pyriproxyfen (E,10) Bemisia argentifolii 1 0 0 0
11 Tebufenozide (F,20) Spodoptera litura 0 0 1 1
Others
*12 Bacillus thuringiensis (W,10) Spodoptera litura 2 0 8 0
*13 Chinomethionat (W,25) Aculops lycopersici 1 0 0 0
*14 Imidacloprid (G,1) Bemisia argentifolii 1° 1° 0 0
15 Pyridaben (F,20) Bemisia argentifolii 1 0 2
*16 Sodium oleate (L,20) Bemisia argentifolii 0 0 1 0

Total number of application (against L. trifolii) 9(2) 9(4) 22(0) - 25(6)

- 2 @: Granule, W: Wettable powder, E: Emulsifiable concentrate, F: Flowable, L: Liquid formulation.
® Biological: greenhouse with parasitoid release(Diglyphus isaea, Dacnusa sibirica and Encarsia formosa),
Chemical: greenhouse controlled by only chemical pesticides.
° Asterisks indicate safe pesticides for parasitoids, D. isaea and D. sibirica.

4 Applied by a month before release of parasitoids.
° Applied on soil in seedling pots before planting.

7. 4 EBE

BESE, ChITHBO I NI TIYITL
R AINFENETY AT F A RE % B
BAT > T3 A, REICH L THWEE DD 5% 1A
PEAAESNZY (UhED, 1993), AXy FMEAEh
TR A O F AT B BN L7 720,
BRI ANEZY NDIZ X BHEE T 51 EHH
T&hhol UDEDL, RER), €I T, AHRET
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AATET PM (RAWERER) 707 A% ST
BO-BBRERZRE L CETPBRE & OREZ T
720 '

ZORER, EFI T - 2388 TR, KEBEARIC

B 5% ANE F Y AL OB ERSR BT RE
LizizRRET, gLt LABITHRRICHE
LHBRMRIHER E NIz EHIT, YANET YN
WX B BIKEA U1/ 2ICEIR T A S LN TE
(Table 25)0 %72, ZFAEOMEEIIHEA L 2 I
BELEETHEBLTBY (Fig 34), ThooZ LH
5, FHRERAZE/RE L ANETYAAZORE
BRI EAMRE VLR ENE, 7225, ¥
WN—=Y—=T7aFIFITHTHIRBME LT VY
VX anF 2HEA LD OOBENFRRI 45 TR
{, 8B b= MY ¥ ¥ = Aculops Iycopersici
(Massee) S REBIHAR DAICREL -2 D, Th
SOBRO - OBMEBAHBLEL 7Y, HRIITE
A O RBA BT EITHRE EEETH - 72
(Table 25) '
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Studies on Population Ecology and Biological Control by
Parasitoids of Liriomyza trifolii (Burgess)

Akihito Ozawa

Summary

The American Serpentine Leafminer, Liriomyza trifolii
(Burgess), was first observed in 1990 at Hamamatsu in
Shizuoka Prefecture in Japan. The distribution of L.
trifolii has been spreading in Japan and this pest has
become one of the most difficult pests to -control on
many kinds of crops, such as tomato, celery, gerbera
and chrysanthemum. Since L. trifolii is an exotic insect,
its population ecology in Japan is unknown so far. But
it is known that the population of L. trifolii in Japan
has the strong pesticide resistance against many
insecticides by nature. And also, the introduction of
pollinating insects, Bombus terrestris, on tomato has
become popular as a labor-saving technique among
growers, so the applications of insecticides in tomato
greenhouses are restricted. These situations demand
the development of control methods that can
substitute for chemicals against L. trifolii, so these
studies deal with the population ecology of L. trifolii
and the biological control by the imported parasitoids,
Diglyphus isaea (Walker) and Dacnusa sibirica
Telenga, against L. trifoli,

1. The effects of temperature and host plants on the
population growth of L. trifolii were studied in the
laboratory. The estimated threshold temperature for
eggs, larval and pupal development on kidney bean
were 8.0, 8.9 and 10.1C, respectively. The total
effective temperature for all stages was 257 degree-
days. L. trifolii was reared at 25C on kidney bean, pak-
choi, tomato, cherry tomato, celery, gerbera,
chrysanthemum and melon, and at different
temperatures on tomato. The combined egg and larval
development time varied from 6.5 days on kidney
bean to 97 days on chrysanthemum. The fecundity of
female adults varied from 54.7 eggs on tomato to 637.7
eggs on pak-choi. The pupation rates at 25C varied
from 56.2% on melon to 97.8% on kidney bean and
were significantly different between crops. The adult
emergence rates varied from 82.8% on celery to 965%

on tomato. There were no large differences in the
mean generation time between crops. Large
differences in the net reproductive rate were found
between crops, ranging from 2521 on tomato to 27199
on pak-choi. The intrinsic rates of natural increase on
kidney bean, pak-choi, tomato, cherry tomato, celery,
gerbera, chrysanthemum and melon were 0.2384,
0.2268, 0.1607, 0.1684, 02008, 0.1866, 01709 and 01429,
respectively. The reproductive rates per day varied
from 1.269 on kidney bean to 1.154 on melon. The
hatchabilities on tomato were not significantly
different between different temperatures, but the
pupation rates and emergence rates were significant
different between temperatures. The female fecundity
varied from 3.3 at 15C to 294 at 25 C, and female
longevity was negatively correlated with temperature.
The mean generation times varied from 5585 at 15 C
to 1427 at 30C. The net reproductivé rate was 2521
at 25 ° C, and the intrinsic rates of natural increase at
15C, 20 C, 25 C and 30 C were -0.0042, 0.0655, 0.1607
and 0.0995, respectively. The population growth rate of
L. trifolii was highest at 25 C. And also, close
agreement between the density of L. trifolii predicted
from a simulation model including the parameters
elucidated in this study and the density observed on
cherry tomato in a greenhouse was obtained.

2. The dispersal and the seasonal prevalence of
occurrence of adults of L. trifolii in fields were studied
using yellow sticky traps. The capture of L. trifolii
adults on traps was observed from the end of
February to the middle of December, peaks of the
occurrence were observed on June or July. Yellow
sticky traps were placed horizontally .and vertically
near an eggplant greenhouse severely infested by L.
trifolii in order to investigate the dispersal of L. trifolii
adults. The number of adults captured by the traps
placed vertically 0.5 - 5.5 m above the ground
decreased with increased trap height. The number of
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adults captured by traps at 55 m above the ground
was from 0% to 0.2% of the total number of adults
captured by all vertical tréps. The number of adults
capvtured by traps placed horizontally from east to
west decreased with distance from the greenhouse.
The number of adults captured by traps at 48 m east
of the greenhouse was from 1.4% to 1.9% of the total
number of adults captured by all horizontal east traps.
The sex of adults captured by traps was biased to
males. The ratio of females was from 94% to 31.7% for
vertical traps, and was from 9.1% to 29.9% for
horizontal traps. Female ratio tended to decrease with
the number of captured adults. There was a
significant correlation between sex ratio and the
number of captured adults.

3. The efficiency of adult counts on yellow sticky
traps and pupal counts in trays to estimate the larval
occurrence of L. trifolii in tomato greenhouses were
evaluated based on the relationships between the
former counts and the number of larvae or mines
found on leaves, and between the latter counts and the
number of larvae found on leaves. A significant
correlation was found between the number of adults
per trap per day and the density of larvae 1 week
after trapping adults in an experimental greenhouse
and in commercial greenhouses controlled by
chemicals. No significant relationships were found in
commercial greenhouses where the leafminer was
controlled with parasitoids. A significant correlation

was found between the cumulative number of adults

per trap and the density of mines 1 week after -

trapping adults in all greenhouses. In an experimental
greenhouse, the number of pupae caught per tray per
day was significantly correlated with the number of
larvae per plant. However, it was not significantly
correlated with the number of lafvae 1, 2, 3 and 4
weeks after counting pupae. The capture rate of
emerged pupae changed from 36.3% to 50%, due to
the increased number of leaves per plant.
Consequently, it is suggested that the yellow sticky
trap is more reliable than the pupal tray for estimating
densities of larvae and mines of L. trifolii on tomatoes.
Spatial distribution of L. trifolii larvae and mines on
tomato were investigated. The center of larval

distribution in plants moved gradually from bottom

leaves to top leaves with the growth of tomato plants.
The distribution of both larvae and mines among
plants was clumped.

4, The effectiveness of biological control of L. trifolii
by the release of Diglyphus isaea (Walker) on
tomatoes was evaluated in greenhouses. Three
experiments were tried in spring (Trial 1), early
summer (Trial 2), and mid-summer (Trial 3). The

parasitoid release rates were 0.13 $per plant (5

~ releases) in Trial 1, 0.19 $pervplant (8 releases) in

Trial 2, and 015 % per plant (3 releases) in Trial 3. The
host release rates were 05 $per plant (1 release) in
Trial 1, 05 $per plant (3 releases) in Trial 2, and 05
¢ per plant (1 release) in Trial 3. The densities of
leafminer larvae in greenhouses where parasitoids
were released in trials 1, 2 and 3, were held below 1/4,
1/36, and 1/10 of the control larval density,
respectively. The mortalities of leafminer larvae
observed in trials 1, 2 and 3, increased by up to 94.1%,
984%, and 100%, respectively. The number of empty
mines in trials 1, 2 and 3, were 1.3 per leaf, 2.2 per leaf,
and 3.4 per leaf at the end of the experiment,
respectively. The number of fallen leafminer pupae in
trays under tomato plants in trials 1 and 2, and the
number of leafminer adults caught by yellow sticky
traps in Trial 3, were few compared to the controls.
The only parasitoid species emerging from L. trifolii
larvae in trials 1, and 3 was D. isaea, while the
indigenous parasitoid, Neochrysocharis formosa
(Westwood), was dominant in Trial 2. The maximum
percentage parasitisms based on the number of adult
parasitoids emerging from samples collected in the
release greenhouses in trials 1, 2, and 3, were 92.3%,
86.7%, and 95.1%, respectively. Consequently, it is
suggested that D. isaea is effective against L. trifolii on
tomato in greenhouses from spring through summer.
5. The effects of 28 insecticides, 8 acaricides and 18
fungicides on Diglyphus isaea and Dacnusa sibirica,
parasitoids of L. trifolii, were evaluated by laboratory
experiments to determine their toxicity to the adults
and larvae of these parasitoids, and their action on
parasitism. All tested organophosphate, synthetic
pyrethroid, nereistoxin analog and carbamate
insecticides were harmful to the adults and mature

larvae of D. isaea and the adults of D. sibirica, and also



prevented their parasitism of larvae of L. trifolii The
period of residual contact toxicity of granules of
acephate and fosthiazate applied in soil to adults of D.
isaea and D. sibirica was more than 6 weeks. Tested
Chloronicotinyl insecticides tested were moderately
harmful to the adults of the parasitoids, and
imidacloprid prevented parasitism by D. isaea.
Granules of imidacloprid applied in soil did not show
contact toxicity, and prevention of parasitism by D.
isaea was slight. Bromopropylate, dicofol and
fenbutatin oxide acaricides were slightly harmful to
the adult parasitoids, but fenbutatin oxide was safe to
larvae and parasitism by D. isaea. Hexythiazox,
Bacillus thuringiensis and sodium oleate were safe for
adults and larvae of D. isaea, and parasitism by the
two species of parasitoids. Growth regulator
insecticides, buprofezin, flufenoxuron, pyriproxyfen
and teflubenzuron, were safe for the adults, parasitism
by the two species of parasitoids and development of
progeny oviposited by adult D. isaea dibpéd in them.
Except pyriproxyfen, these IGR insecticides were safe
for larvae of D. isaca. Pymetrozine was safe for adults
of the two parasitoids, the larvae of D. isaea and
parasitism by D. sibirica, while it was slightly harmful
to parasitism by D. isaea. Most tested fungicides were
safe. Captan was moderately harmful td adults of the
two parasitoids, but was safe for larvae and parasitism
by the parasitoids. Thus, it is suggested that IGRs
(buprofezin, flufenoxuron, pyriproxyfen and
teflubenzuron), Bacillus thuringiensis, sodium oleate,
pymetrozine, some acaricides and most fungicides can
be combined with D. isaea and D. sibirica in L. trifolii
IPM programs.

6. The effectiveness of integrated control against L.
trifolii on tomatoes was evaluated in commercial
greenhouses. Experiments were conducted at 2
locations, Hamaoka and Shimizu in Shizuoka
Prefecture, from summer to winter in 1995. D. isaea
and D. sibirica, were released 4 times weekly from
September to October, at release rates of 500 wasps
per 10a. Only selective insecticides such as IGR and
BT were applied in greenhouses with parasitoid
release, whereas various insecticides including non-
selective pesticides were applied in control

greenhouses. In Hamaoka, density of leafminer larvae

77

in a greenhouse with parasitoid release was kept at
50% of that in a control greenhouse, and mortality of
leafminer larvae increased up to 97.4%. Density of
mines and number of adults captured by yellow sticky
traps were kept at 85%, 20% of those in the control
greenhouse, respectively. In Shimizu, densities of
leafminer larvae and mines, and the number of adults
captured by yellow sticky traps in a greenhouse with
parasitoid release were higher than those in a control
greenhouse, but mortality of leafminer larvae
increased up to 96.9% and its damage was not severe.
Maximum percentage of parasitism by the parasitoids
complex based on numbers of adult parasitoids
emerged from collected tomato leaves in greenhouses
with parasitoid release in Hamaoka and Shimizu were
100%. Dominant parasitoids species emerged from L.
trifolii larvae in Hamaoka were D. isaea and D. sibirica,
while dominant parasitoids in Shimizu were
indigenous species, among which Neochrysocharis
formosa was predominant. Total frequency of
insecticide application in greenhouses with parasitoid
release were the same as that in Eontrol greenhouses,
but the frequency of insecticide application against
leafminers was by far lower than that in control
greenhouses. These results suggeét that integration of
parasitoids with selective insecticides against L. trifolii
was practically effective on tomatoes in commercial

greenhouses.
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