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Fig. 1. A: Liriomyza trifolii (Burgess). B: L. sativae Blanchard.

TANET YNNI DWW, T TIC19954F |23
MR CTHREICED LRGN LRSI, REE
HEFMBERENESL NIk > TndY, Lil,
MY MNEZTYNZIZOWTIEATRICBAL TR D
Wiz EREAREE T ORE R & OB
THON TV RV, ZOWMMIE, HR A A
THEESELERE LTHSNY, M RHAEEN
DELZNT, BREORMEIELZ->TLE) 2 LN
THEND, $72, MREORBETERLEI Y
LoTH, RAELHEDLEWGRLELZLIEZDS
Nb, BRI ANESYNIIZONWTIL, FhF
NOMRED, B L HEBLOHEEMY TRES
ABIUOEMBREREARALEL TVEY, 107
BT LHEEHRTISTY ThooDiZxt L, &
1Y TiE10.95CY T1 CTUEDENED S T
bo LIEH 2T, FYINEFTYNTIZONWTIET
AU ABLOCHEIZBITAFEERITHRE SR TW
BN, INHDIERERIBEDBMERDOEEIZZED
TIXRBTHILETER Y, Tz, AT AN
ETINZERBELTCVDLBFNSH AL LD,
Fl IR THEDREEY FET L70DRKEET—
DWTE, FARRCE L AETRELZT) LEF S L,
IO, KHFETIE, MY MNESYNTOREEF
D LIMEDORELZBEONIIT L2012, [6HH
TRESNIZ P INESTYNRIB LT ANES
YN fEfkEx Fl—O8E &N T CRAL, BFH
UBLURFEN, FHRERELZ B L2, 2h
SOMIEHBRZAT I, EEPOFEEITH 720
WZIRHETH Y, HABHEB L OB EZ T



2 OERER R FH BT

WO FHICFI T 5 2 ENHETH D, T2,
FAs R — 3 TR L 2SO BRI oW TH #
R LHZENTHEE b,

X502, b MNESYNIOARREERE &5
HFEEOBBRIZOWT, BEOWRE TN 2DD
D SNz, ZORVCORKELTOMIZH
Lr#EZT,

1) fHEIERT A EFEMP ORI L B
2) WBEAREE & OEBERFEOENIZL HEE
3) fHH LM EHERE A B TR CEREE L

B2 500
o

INHDH L 2)IE, MYRELOMBETHRE T
Koo, 1)E3)IIonTIZFD %R
TEBEITV, BEFEICET AT TR
R L7

MRS L UHE

1. ARSI ZOEE - ARAE

L FANEZ NIV, 20004E 9 HICHE
RESFRENO I = b B LU AR 4 X F,
FHNFEE LA REL, 107 HHENTA ¥
A E AL L CEE LR AL 72,
T/, TANEZYNIIZONWTIE, BIBBEAIL
DFE VB RSB T B\, b MICEAE L
B A A FERSENTA 5 b fif e L
THE LB E M L7, WEOR AT,
B SOFEY oz £, P EIANESUN
TIZOWTIEEAL L D 108D 2 AKHAHREL, R
RFEERLEE OB 4T - 720

FEPRERAS L, BAEIZ OV TH0~1008E O M A& A
Nn7-fE > — 3 (18X37X30cm) 12, 24~308D A
YU AR RIEEX Y P R)OWATEER ANT
FEOR S, 2 ~ A BFRITRICEL, HESM14110
D, L6 BRS (10, 15, 20, 25, 27, 30T)
DERBIZFNFNAL ~ SHOMEEZIE L 72,
JHIREN TR Cooll, Bid—Hd %Y
KE LA T AR EENTEEI D 7T AT
7y — LI AN, BIZEIRSN T ANES)
INLZBIP MY INEZY NTOREOHRHER, 12
MR & (BIIBRMG AR 1 R B L DI TH 1
W) ICEBlE A T -7 T/, FHEMEWICL A%
HHREDEOWEHERT 57201225 COHERETH Y
(5 RS RS OMAETETH RO

Of:o

/J'

3
XY
o &o

PRORAIZ BEERE IS & - CTHER L 72, IR %
Ko D 72012, BRI ROETEREE SRS R
TEBR R BB OKRENR YT =T T o Tz, HIHR
DG WHEAIZ3SRE Y vy hTOoF AL,
FAETE—Fd 72 0 O LG R RS % Lo ARAE RS LR
L7z ShR AR oA 7o~ — 7 ClEfR & 3k
I, g L7 Wb Lcigf &, o
HIAF2—7 (NE6m, F30m) 25T
AL, UL 5 ToOR A KD 72, 72720, 10T
KIZoWTIZHROB) BT, A%Eed EhD
Thiwvizo, BERGEELERS 5 2 &0 Wik
Thole Z0720, TEAEORESHET LI E
Bbn 25 0 BICIIgm" 25 L, BALE K% fERR
L7z,

B, 2008 L 025C, 30CKTIdML Eo%EE*
2[R, LEHEE 2REHOHKRIHENZH
NN L R RER LRI, 2E00HRE T —
¥ AERTLC, BEZO L ARREEIRE O HIZF)
L7,

2. REERCAMDRBEREENER
REAMRBEREN T, mELRLE MR
Wy, BEEE GEEHROVH) @RI -
AL BBEESTHEEMC EOEL, ZDS
SRR O FLGER O A LA A 7 B A ALY
bo PEo T, MR ERE X OREX T, BE®
FEDSEARIAIZ H DRy “HIUE” DRPH Y ) 5o
FIREXOREREINIET W2 EHET 57
DIGE H B e R B 55 H B & R Oz i
B - T, FREROFYMEEZ Ty M5
Ikemoto & Takai O FH:Y #¥RM L7z, &C, %H
AEEIRERNC D W, R AR 2 IREL,
B RERE EHEOHEE) & LT&in
BXDREEREOFEEO 7y M LT, &b
TR CHEMEE L TEL, L L, KRIFETIES
BEXORERE T — 4 T FHHEENS Y, £0F
¥, 1T oo7—sx 71y FLT, [#)KR
LD d A BRG] 217072, Zhid, mimX
RARIRIX O 7 7 — & I EARER AR S
EHCTBIDTH b,

BREIUEE

1. #BH¥
REBIREICBIT A0, B L OHOEE IR



N MNNESYNIOREEA 23

Table 1. Developmental times of eggs, larvae, and pupae of Liriomyza trifolii
on the kidney bean, Phaseolus vulgaris, at different constant tem-
peratures with photoperiod of 14L.10D

Temperature Developmental time (mean+SD days)

() " Egg Larva Pupa Total
10 83 19.5—23.5*

15 25 6.8+ 1.1 11.0£3.1 30.2£23 48.0+2.1
20 131 45+ 0.7 6.1£0.5 13.8£1.0 244+1.2
25 104 3.0+ 0.3 3.2+04 8.8+0.5 15.0£0.8
27 b5 25+ 04 3.2%0.4 7.210.6 12.9£0.6
30 124 26% 04 2.8£0.3 7.0£0.2 12.4£0.5

*Range of developmental times. See text for details.

Table 2. Developmental times of eggs, larvae, and pupae of Liriomyza sativae
on the kidney bean, Phaseolus vulgaris, at different constant tem-
peratures with photoperiod of 14L10D

Temperature Developmental time (mean®SD days)

() i Egg Larva Pupa Total
10 22 18.5—23.5* — —
15 42 7.3+ 1.0 11.7+1.0 358+1.4 54.8+2.3
20 23 51+ 1.0 6.410.9 15.3%0.6 26.7t1.5
25 25 3.3+ 0.4 3.84+0.3 9.5+0.7 16.6 0.7
27 28 2.7x 0.2 3.1%£0.3 7.71+0.6 13.5+0.7
30 40 26+ 0.4 3.1+0.4 7.1+0.3 12.7£0.5

*Range of developmental times. See text for details.
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Table 3. Linear regression equations for developmental rate and temperature, lower threshold tem-
perature for development, and total effective temperature for eggs, larvae, and pupae of
Liriomyza trifolii on the kidney bean, Phaseolus vulgaris

Life stage Regression equation” Lower thresholdﬁ Total effective temperature
temperature=SD (TC) +SD (degree-days)
Egg y=—0.18692+0.02189x (p<0.01) 8.54%1.46 45.68+2.17
Larva  y=-—0.24110+0.02148x (p<0.05) 11.23%1.34 46.57£7.15
Pupa  y=—0.10295+0.00883x (p<<0.01) 11.66%1.14 113.24+6.51
Total  y=—0.05444+0.00488x (p<0.01) 11.15+1.18 204.74+8.23

* After data for 15, 20, 25 and 27°C. y: developmental rate (day™'), x: temperature (C).

Table 4. Linear regression equations for developmental rate and temperature, lower threshold tem-
perature for development, and total effective temperature for eggs, larvae, and pupae of
Liriomyza sativae on the kidney bean, Phaseolus vulgaris

Life stage Regression equation” Lower threshold Total effective temperature
temperature =SD (C) +SD (degree-days)
Egg  y=—0.15089+0.01851x (p<(0.05) 8.15+1.55 54.02+8.08
Larva  y=—0.21451+0.01957x (p<<0.01) 10.96+1.21 51.10£5.06
Pupa  y=—0.09515+0.00814x (p<0.01) 11.68%1.09 122.79+5.62
Total y = —0.04978 +0.00447 x (p<0.01) 11.14£1.16 223.70£15.01

*After data for 15, 20, 25 and 27°C. y: developmental rate (day '), x: temperature (C).
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Table 5. Summary of past studies on total effective temperature and lower thresh-

old temperature for development of Liriomyza sativae

Developmental stage

1 Auth

B Host plant urhor Egg Larva Pupa Total
Cowpea Zeng et al. (1998) 9.3 9.6 9.4 9.6
46.9 78.9 154.1 283.2
Ye ez al. (2000) 10.0 9.7 10.2 9.8
65.3 80.7 148.0 298.3
Lettuce Palumbo (1995) 8.9* 9.8 9.4
139.7 145.1 284.2
Cucumber  Gong et al. (1999) 8.5 8.0 10.5 9.8
62.4 72.2 141.2 270.7

Kidney bean Webb and Smith (1969) 9.5 11.8 10.6*

49.3 47.8 98.0
He et al. (1999) 7.5 9.8 115 10.9
53.9 52.7 128.5 229.9

Upper and lower rows refer to lower developmental threshold and total effective tem-

perature, respectively.
*Total of egg and larval stages.

Table 6. Developmental times of eggs, larvae, and pupae of Liriomyza trifolii
and L.sativae on the cowpea, Vigna sinensis, at 25 °C with
photoperiod of 14L10D

Leaf-miner B ' Developmental time (mean+SD days)
species ? Egg Larva Pupa Total
L. trifolis 25 3.6+0.8 57+0.9 8.2+0.9 17.4+£1.2**
L. sativae 77 3.4%0.6 6.6+£1.3 8.7%x1.0 18.5+1.4**

** © Only total developmental times are statistically compared with the develop-
mental times on the kidney bean in tables 1 and 2 (Mann-Whitney U-test).
The double asterisk means statistically significant difference against developmen-
tal time on the kidney bean at « =0.01.
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Table 7. Developmental times of eggs, larvae, and pupae of wild population
Liriomyza sativae on the kidney bean, Phaseolus vulgaris, at differ-
ent constant temperatures with photoperiod of 14L10D

Temperature Developmental time (mean+SD days)
(C) § Egg Larva Pupa Total
20 38 5.1+0.8 7.8%0.6 15.4+0.8 28.4+08**
25 39 3407 3.84+0.5 9.3+1.0 16.3*+13
27 54 2.8£04 3.5+0.3 72404 13.3%05

** . Only total developmental times are statistically compared with the data for
the long reared population at 25°C on table 2 (Mann-Whitney U-test). The dou-

ble asterisk means statistically significant difference at « =0.01.
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Summary

The developmental rate of Liriomyza sativae Blanchard on the kidney bean, Phaseolus vulgaris, was determined under 6
constant laboratory temperatures (10, 15 , 20, 25, 27, and 30C) and was compared with that of L. wrifolii. A degree-day
model for predicting immature development was estimated from these data. Developmental times for immature stages of L.
sativae were inversely proportional to temperature. Total developmental times for the immature stages varied from 12.7 days
at 30 C to 54.8 days at 15 C, with larvae ceasing to develop at 10C. Lower developmental thresholds estimated from linear
regression equations between temperature and developmental rate, for the egg, larval, pupal, and total combined life stages
were 8.15, 10.96, 11.68, and 11.14°C, respectively. Total effective temperatures estimated for the egg, larval, pupal, and total
combined life stages were 54.02, 51.10, 122.79, and 223.70 degree-days, respectively. In general green house conditions,
eclosion of L. sativae follows that of L. trifolii by only 0.6-2.3 days. Our developmental estimates conflict with the results
of some authors. Some possible reasons for disagreements are: physiological differences depending on the host plant, ge-

netic differences as a result of long laboratory rearing. We indicate that these factors are closely associated to errors in this

kind of study.

Key words: Liriomyza sativae, lower developmental threshold, total effective temperatures, Liriomyza trifoliz, host plant



