O
H
Ao
O

A L EE 43(4): 297~304 (2004)
Korean J. Appl. Entomol.

Z 3T E(Aphis gossypi 2t E=0lE IS E(Myzus persicae) (Homoptera:
Aphididae)2 ™o|2 $t Zlc|Zxmle|[Aphidoletes aphidimyza (Rondani)] (Diptera:
Cecidomyiidae)2| 48 ¢ Mz+d
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Development and Adult Life Span of Aphidoletes aphidimyza (Rondani) (Diptera:
Cecidomyiidae) Fed on the Melon Aphid, Aphis gossypii Glover or the Green Peach
Aphid, Myzus persicae (Sllzer) (Homoptera: Aphididae)

Tae-Heung Kim* and Ji-Soo Kim'
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Chonbuk National University, Chonju, Chonbuk 561-756, Republic of Korea
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RDA, Suwon Gyeonggi, 441-707, Republic of Korea

ABSTRACT : The development of Aphidoletes aphidimyza, an aphidophagous gall midge, was
studied at various constant temperatures ranging from 15 to 35°C, with 65+5% RH, and a photo-
period of 16L : 8D. When A. aphidimyza was fed either on Aphis gossypii or Myzus persicae, it took
43.9 and 44.5 days, respectively, to develop from egg to pupa at 15°C, whereas at 25°C, 14.3 and 15.8
days. The developmental zero was 10.7 and 10.0°C, respectively, while the effective accumuative
temperatures were 210.8 and 245.5 day-degrees. The nonlinear shape of temperature-dependent
development, shown by A. aphidimyza when fed on either species of the aphids, was well described by
the modified Sharpe and DeMichele model. When distribution model of completion time of
development for each growth stage was expressed as physiological age and fitted to the Weibull
fuction, the completion time of development gradually shortened from egg to larva, and to pupa. In
addition, the coefficient of determination r* ranged between 0.86-0.93 and 0.85-0.94, respectively
providing a good approximation of cumulative developmental rates. The life span of adult was 8.7 and
9.2 days at 15°C, and 3.1 and 2.7 days at 30°C, respectively. Egg incubation period was relatively
short at 35°C but hatchability was less than 50% and the mortality of the larva at 35°C reached 100%.
At 30°C, the time of development lengthened and the adult longevity was short suggesting ill effect of
high temperatures. Even though the life span of adults at 15°C was relatively long, none moved freely
in the rearing cage and no oviposition occurred. Accordingly, in case A. aphidimyza is adopted to
suppress phytophagus aphid populations, it could be applicable to cropping systems with ambient
temperatures above 20°C and below 30°C. Within this range, A. aphidimyza adults was observed to be
active and oviposit fully.

KEY WORDS : Aphidoletes aphidimyza, Development model, Effective accumulated temperature
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R, 25°CellA] 14.3, 15.8Yo|dom, W= 107, 10.0°Ce) 2, FaAARE-=E 2108,
2455U gt} 7 £2] AGES Yol 8 £ 882 W3 Sharpe?} DeMichele?] w413
3o A A= siet Ae) ule] o 8 A d8eks A7) EX 23& A A3 o] 43}
o Weibull function©.2 RH9t& o & — 3% — WH7] ¢o2 A} U Am7t B 7|30 o
FolAE A B £ U2 AFES YeplE 2 0.86-0.93, 0.85-0.942. ¥ U828 vl
A BoAF T givh AF £ 15°CellA 8.7, 9.2 152 30°CollA] 3.1, 2.7 ] o} 5 ZHE
23 B o 7|2elA 35°Ce] S S| gk ot HE-Eo] 50% w|wteg wgky, {§3-2
35°Cell A e 7lel] o]2A] Zetar 25 AFEFEHR 30°Coll A 87]7ke] ZHejA 30°C o) deliA
T 753 He7)7F Fo ofgke ol 7|E2] Buel Alelailvt =¥ AF4mEedlA 15°CH ¢
AErE-E ZAgl ot AolA el Aol A il AlRE 3§ 312 ggkon 30°CelM=
3% 717ke] Frot ARl 7t o} M glg Hloz Az wetA A Ede]E AGE Aol
o] 88 ¢ Aol AREA A olH AN £ 9x 20°C o4 30°C n|Hte] 227} & Zlo
2 A7
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Ze] &-u}2][Aphidoletes aphidimyza (Rondani)]+= 3-
sta) #HCecidomyiidae), E3}2] o}k Cecidomyiinae)ol]
&3l o]ehz]o}2] Rondani (1847)7} H. 318t o] 3 Bar-
nes (1929)7} 104 37&& A2)3}g] o1} Harris (1973)
o o]d) o ¥io) synonymO & WAL ACES ¥
A= Bdle]le 5%07 olF 422 Aphidoletes 4
9 A. abietis (Kieffer), A. urticariae (Kieffer), A. thomp-
soni®} A. aphidimyzaolw] Y R| 8 22 Monobremia
sabterranea (Kieffer) o)t} Xt]&alg]x= B9 AA
oz A5 FQ 5 SR E(Aphis gossypii
Glover), 25 o}E XY B(Myzus persicae), 7RG %]
QAEE V2T 80F o] ARES EAIH(Yuk-
awa, 1998). o)X ojofgt A ES EA3pA|RE 2
2 9 oe 2R A gen e AN )
smoz ANE ool 4 7] W) ARES) A
22 uiAle] o] ¥ vHAsyakin, 1973; Havelka,
1978; Markkula et al., 1979). c]Exla]& o] L3k o
= eao) Tst meheel BB Aol RANE
9] u}A|(Gilkeson, 1990)7} 9) 3 $oldlA] EIA) B
£ 947 $8 S v AR (Aphi-dius colemani
Viereck)3} Zv] &3}2] 8 o] 4313& o @ M &
o] g3t A Hr} Mz o2 HAE o483k Zlo] ¢
& 7}A o)g]vH(Harizanova and Ekbom, 1997). v},
Hdsts, 5, A3, Ao}, AdeME H3AS
7)4o] whgxle] 9] ewj(van Leiburg and Ramakers,
1984) &A1 W vjofst z2hE9) 29 E HiAle] o] 45
1 gJvHAsyakin, 1973; Havelka, 1978; Markkula ez al.,
1979). o]} Zro] HA o] AEA HiA] o]42 ZFHA

e ARlel - Fof YEE 74 kA FAMES
AL @A FAdAA Y AFA wHEE Y & 7
sz Wr Mo A9E P 249 A%
Selg ol 45198 A7S Yoz ojn) T34
B(Aphis gossypii)2] AEAEE AAEtE(Kim et
al., 2004) |3} A Es}2|(A. aphidi-myza)®] YEH
gatagl o, -5 1H7] 2 A4 55 AXE

+ upolek.

M2 2wy

ol g2l Alg

FadHrIed dFFAedA o ARFA AAE
& olgsilct 24 o Ruel AEAE A=
R F2MN A E(Schizaphis graminum)$ AH§-3}aL
476 A Ete) H2E AEshe o] FolA 1 gk

MSE AR Fr)Snalel Mgt

2 0)(Cucumis sativus L. Wo}e}7], white spine and
semi white cucumber)Z 2173 7cm#] plastic potel] I}
Zolol 2 o] 120] 28T no| BHANETE A
Zstgv}t. 23 (Capsicum annuum)E 3|7 15cm pla-
stic potel & o] 3-4v) FRHE @ ol4jakw, 7
o) AT ol BolEAREE AFHAH 23
AYES g5 2000k, B4l SALES U 500}
2 olgel H 15x15x20cme] AH&A 93 A
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& f=shale
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% 71ZEE o] o A e A F A
9cm, ¥°] 3cme] petri-dishel] @1 Zpzhe] 3127]¢
Yol W 3318 ZAACh 437108 BT 43
<zt ex¥z 30vie]¥ 27A Scm, To] 9mme)
petri-dishel] 1, S0uke] ol 4e] B3HAGE, B}
EAYE0] gl Y8 Holz o] Fct 4%

o FESA ggtem §3712S WolA Fshshel
ZAE A7) AR e et We7] 712
e mAE AL AHEE 23 AA7AAe 7)2E
7] 712e2 Sk

CESE

7 o7l A 2RE Aol $3aE ol%
47 10em, o] 15eme} o] %A Eo] AE
9 20 BE ¥ F 4937 43¢ 4 79
ok 4% ol ma TN QU AFe] FE
w7 4E7)e 2 ssis

USEY o USETRY By

AR MBI ERE T I R e

(ANOVA)E- o] 8-3}9] 11, %«Vé AAE 3 Tukey’s
HSDE Al A 3}9] =P < 0.05) (SAS institute 1999).

2o w2 HE7)7HE AFEERY wjAdgY

$2S o] g3t BA3H ARy 2
H HE7|7HE R sl W4 EE vl F 2
o}e] A3 HAE T3l o] Aoz RE WELwr)

0c] H¥ 225 #&HL=2 slodon, FaHAl
LxE 718718 J42 73

vy 232 vAdg3T 24E B3l
AEHSE AT 5 9= £ Schoolfield et al.
(1981)8] AAE=A B3 (A ) o]83tyom, AL
o7 2o

T HA 1 1
RHO25 - =
2 298.15 exp[ R (298 15 T)]

e [ oo R 1

ket

71M 1(De AdE=( K)olA e EHE(1/457]
7he] a1, R 7}A|AF4(1.987 cal degree™ mole™) o],
RHO25: 25°CellA]e] whg&mg o] Lxi o)
ofd oJgfx XA devhe 7HES I HAE
mdoA 7}A3 4=z & A(rate-controlling enz-
yme)7} Fafdh w30 43 AT elm, TLL &
=xAa4vt A s 50% F4E Jehle &
=(C)olaL, HLE & =xA 8471 A2l 23] 50%
GAgslte= Ao ¥ €99 Wste|dh THE &
=2Aa4L7F 126l s 50% A& JehiA H
t 2=(C)o|n, HHE: o]9} s etz W3lE
ou) 3t} v W 4e] F4-& Wagner ef al. (1984a)0]
A A8 SASZ 2 T L )83} HSAS, 1999).

7 gasie] BaduAly] LERRL 2 W)
WNed2E BFIAA Aok F 7 =M
871729) FgEe o4, H87)7e] FANEE T
3, o} 8] Weibull §H4(54] 2)of) | 4-A1A AAF3
Teguiy) 2EE 9ed, 1 AL e 2
tHWagner et al., 1984b).

o

o el
o

f)=1—exp (= [(x—y/mP) (34 2)

2 éM]H F(x)= 732 Al7Hnormalized time) x
olA W& S5k A S BgoH, B, v, nE F
A = o] of 2} W B ol wisH e A2
Table curve (Jandel, 1996) == 131§ o] &3} o}

Z% o 1%

549 A 20 Aol A

Table 1. Hatchability and development of Aphidoletes aphidi-
myza on cucumber and red pepper leaves at various temperatures

On cucumber leaf On red pepper leaf
Temp.

) Hatchablhty Mean+SE Hatchablhty Mean+ SE
(%) (days) (%) (days)

150 112 634 47+0.11a 44 730 4.7£0.19a
200 129 853 34+0.06b 163 853 3.6x£0.06b
250 182 846 29+006c 52 827 3.0+0.09¢c
30.0 104 865 244+0.09d 52 904 2.4+0.09d
350 167 467 224+0.06d 117 455 2.44+0.07d

Within column means with the same letters are not significantly different
(P>0.03, Tukey’s studentized range test).
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< o) Table 1A F 15°C 4.74, 20°C 3.4, 25°C
2.99, 30°C 2.4, 35°C 2.29(F=172.54, df =4, 502,
2 =0.58, P=0.0001)¢)¢} 3, {3 x= 34°C, &
FEAANLTE 3009 xolgon, 1% YAAE= 15°C
479, 20°C 3.6%, 25°C 3.0Y, 30°C 2.4, 35°C 2.4
A(F = 138.25, df =4, 329, > =0.63, P=0.0001)°] %] 1,
Eod gL eE 3.2°C, FEAAEEE 644U x50
2x0] Al ol R3}go] ol AL Mo
o, 57 7He getxlvh 28y 35°Col M= RIE
o] o}F o} o] 2woA] REE=Y oIS B2 A
o7 Bt}

A E5E| 2 o 8ol 285 A7HE 35°CollA]

Table 2. Development of lava and pupa of A. aphidimyza fed on
Aphis gossypii at various temperatures

Larva Pupa Total immature stage
n Mean:SE n MeanxSE n Mean=+SE

150 21 99+027a 13 30.3+0.57a 13 439+0.72a
20.0 24 7.8+£0.17b 20 15.2£042b 20 25.7+047b
250 26 4.4x0.12d 15 82%0.33c 15 14.34+0.39d
300 22 6.0£0.15¢c 9 94x£0.34c 9 17.7+0.38c

Temp.
°C

Within column means with the same letters are not significantly different
(P>>0.05, Tukey’s studentized range test).

Table 3. Development of lava and pupa of A. aphidimyza fed on
M. persicae at various temperatures

Larva Pupa Total immature stage
n Mean+SE n MeanxSE n Mean £ SE

15.0 15 13.1+0.66a 13 27.8+0.28a 13 445+045a
200 23 74%£0.195 12 17.5£0.68b 12 27.74+0.84b
25.0 21 5.0%£0.16c 15 8.4%0.16¢c 15 15.8%+0.33c
300 12 51029 9 9.7£0.30c 9 16.5+0.40c

Temp.
°C

Within column means with the same letters are not significantly different
(P>0.05, Tukey’s studentized range test).

Table 4. Estimated parameter of a linear model and biophysical de-
velopment rate (1/days) model regression for egg, lava, pupa, and
the total immature stage of A. aphidimyza on A. gossypii

Biophysical development

Life Linear model® rate model

stage

Intercept Slope 1> p® RH025 HA TH HH ¢

0.0411 0.0121
Egg (0.0193) (0.0007) 0.99 34 0.500 8571.7 310.8 10502.30.99

~0.0984 0.0125
Larva (0829) 0.0041) 090 79

-0.105 0.0089
Pupa (0.0277) (0.0014) 0.98 12.5 0.263 26496.3 299.2 62749.9 0.97

-0.0504 0.0047
Total (0.0176) (0.0009) 0.97 10.7
*The Linear model for the range of 15-25°C.

*The developmental thre-shold (p) = Intercept/Slope.

0.445 13725.9 301.8 96547.3 0.85

0.238 24297.7 298.6 70096.7 0.97
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7P} A 2290133 15°CellA 7 7] 4.7l
t}. Tukey’s A& 3 =¥ {24 23} 15°Co
A 30°CAA freldel QAEe e, 30-35°Col A
$2140] gl Aow LeREHP=005). £ 15°CE
AstsfE g 9 Faol G Pagole Hol}
%ot Choi er al. (2001)2 E-5olERG B8-S o] 43)
& o} 8°Co|A] 16.74, 35°CollA = 2.4, Harizanova
and Ekbom (1997)2 20°Col|A] 34, Havelka (1980)%=
20°CollA] 2.6, Jeoung et al. (2003)2 15°CellA] 8.4
d, 30°Cel|A] 1.6, Malais and Ravensberg (1992)%=
21°Cell A 2-39, Nijveldt (1988)= 3-49, Uygun
(1971)& 21°CollA 2.59 9]z} 3}ed, Jeoung et al.
(2003)¢] Az} Fo]Z oL} Choi et al. (2001),
Nijveldt (1988)2] Z3}el= fAREHE] o= AY o7
o el o e 4rach

— WHH7] 7]7ke] W82 Table 29} 7231, 2 3]H4
= 2 FEHALEE Table 4
o} 2ot §3o 2= US| B ES H
ol FE3IS W 15°C 9.94, 20°C 7.8Y, 25°C
4.49,30°C 6.09=2 15-25°C7IA| = =7} Absglel
met 87)zke] FeolAx S XA 30°ColA
A ZejFe Tukey's A4S 8 2= #24
AR Az Ao Tz wEtA EEg e foA
o] AATHF =160.84, df =3, 92, 1>=0.84, P =0.0001).
WA er 7.9°C, fFrERAAREEE 80.0d =013
thF=269.03, df= 1, 2, I’ =0.90). I3} B0tz At E-
& Holr FFIEE Wl 7 AE EEL =L Table
33} 2, A EAAE o] 47 W8P =L Table
49} 7} -39 W77 15°C 13.14,20°C 7.4
9, 25°C 5.09, 30°C 5.19(F = 166.50, df = 3, 85, r* =
0.86, P=0.0001)0]¢] 7, W&o g 5= 88°C, $a4
Abeml 817U =9 vhF = 1805.35, df =1, 2, i’ =
0.99). wpetA EHANEI EpolEALES Ho|Z
S A AdETY 552 LgelA G ES
Hol 2 315e A Wgdd2=st 0.9°C Wkt 2
Zo] AYES o] 43 WEAFHAA 35°C A F
Fo] o] o] x| gt o) 35°C o)
=7t A EFte] {§5 28l g FH99-
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20°CeljA] 7.3¢, Harizanova and Ekbom (1997)-2 20°C
o A] 5.8, Havelka (1980)= 20°Cel|A] 7.0¥, Havel-
ka and Zemek (1999)+ 23+1.5°C, 18:6 (L : D)ol A
AR Bz uebr] 13.5-174, Jeoung ef al. (2003)
2 15°Cef|A] 13.04, 25°CollA] 3.2¢, Malais and
Ravensberg (1992)%= 20°Cel|A] 7-14<, Nijveldt (1988)
= 18°CollA] 12-179, Uygun (1971)& §3 7]7}ke]
21°Ceol A 3.84, 27°Co|A] 3.00]7}x 3}t & At
ZAz}e) v w3 S o] Choi et al. (2001), Harizanova and
Ekbom (1997), Havelka (1980), Malais and Ravensberg
(1992)2] A9} {AFslgi o} Havelka and Zemek
(1999), Uygun (1971)¢} Az}e} Apo]E Holx 9lvh
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Fig. 1. Developmental rate (1/d) curve for immature stages of A. aphidimyza fed on A. gossypii (A) and M. persicae (B) at various

temperatures.
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Fig. 2. Cumulative proportions for the development completion time of A. aphidimyza fed on (A) A. gossypii and (B) M. persicae in the

total immature stage as a function of physiological ages.

Table 5. Estimated parameter of a linear model and biophysical
development rate (1/days) model regression for egg, lava, pupa,
and the total immature stage of A. aphidimyza on Myzus persicae
Life stage

Linear model® Biophysical development

Life rate model

stage
Intercept  Slope * p® RH02S HA TH HH ¢
0.0374 0.0115

Egg 0.0417) (0.0016)0'95 32 0.55215781.0301.1 24366.2 0.96

-0.1080 0.0123
Larva (0.0059) (0.0003)0.99 8.8 0.35421210.8 299.8 43800.8 0.99

(‘00(')9‘982‘; (8-8833)0.93 115 0.13728524.3 301.1 68528.1 0.94

-0.0412 0.0041
0.0161) (0.0008)0'96 10 0.08526008.3 300.6 525365 0.97

“The Linear model for the range of 15-25°C.
"The developmental thre-shold (p) = Intercept/Slope.

Pupa

Total

L5 974U 59 (F=9.46, df=1, 2, 1> =0.98). =3}
o, §3F WHl7] 7120E gl E57)7F 2 dSd A
L+, FEAHALEE AAIE E3IRGHELS 15°C
4399, 20°C 25.74, 25°C 14.34, 30°C 17.74(F =
551.57, df =3, 56, *=0.97, P =0.0001) 0] ] 3, W-8-3
HA2xE 10.7°C, FEAA L2 21084 =R (F=
1267.16,df=1, 2, r*=0.97).

EpolZAgES 52 3 A M 15
°C 27.84, 20°C 17.59, 25°C 8.4%, 30°C 9.7Y(F=
538.53, df =3, 48, r?=0.97, P=0.0001)¢] ¢} 32, -3
2Tl 11.5°C, fEaAALEE 119.8Y 5 tHF=6.73,
df=1,2, *=093). =3 <&, 9= Wd)7] 7|71e 33t
kg7 7k 15°C 44.59, 20°C 27.79, 25°C 15.8%,
30°C 16.5% (F=651.82, df =3, 48, *=0.98 P=0.0001)
o]l g Her 10.0°C, F-RAAL T 2455
A xo|gulF=12.26, df =1, 2, ’ = 0.96). 15°Col| A F
ZH3HA WHul7] 717ke] AR o] LxolA W7

Table 6. Estimated parameters of Weibull distribution model for
A. aphidimyza development completion times on A. gossypii and
M. persicae

Fed on A. gossypii

n B v £ n By 7

0.503 3.045 0413 0.86 0.592 3.624 0.352 0.94
0.505 4.032 0.543 090 0.505 4.032 0.469 0.93
0.364 3.325 0.643 0.93 0425 5437 0.579 0.86
0.285 4.625 0.705 0.86 0.202 3.546 0.794 0.85

Fed on M. persicae

Life stage

Egg
Larva
Pupa
Total

Aoz 4R 229 AlBE 247
AR W7l 25 Lo} At oot 8]
o Bob: ARE BT Lxol P Fo4dl
UM = 25°C7HR] fefAd el A E et 25-30°C
A= 8-olAde] glgit} Choi et al. (2001)-& 20°C9l|
2] 14.6Y, Harizanova and Ekbom (1997)-2- 20°Cell A
11.99, Havelka (1980)= 20°CellA] 10.8¢, Jeoung et
al. (2003)2 15°Col A 17.3<, 25°Coll A 7.99), Malais
and Ravensberg (1992)2 20°CellA] 14do|g}lar &lo]
2 A7} wlmse] 20°C ol gfel LxelME
AR A3g R glovt 15°Cell Ak Jeoung
eral. (2003)8] Ao} AeolE Bl

Fig. 1|4 Ax E3AGE, B S5ol3AdES
FFE AEsE Y o, /5 dd7] 2 4—HdH7)
£} 15— 30°C7}A] Schoolfield ez al. (1981)3} Wagner
eral. (1984)0) AAR S=8 Bgeye] 53 2
5 BejF a3 9low, Table 49} 5+ v/l &
HelFm ok wael AP JeplFE e
0.85-0.99, 0.94-0.99 2 w)wA = ®3}tslolc}.

Fig. 2614 AL Z3A51E, B: B4ob3acle
247 A gTele] A A Ba7|0) ws
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Table 7. Longevity of A. aphidimyza fed on 2 species of aphids at
various temperatures

A. gossypii M. persicae
Temp. °C R —
n Mean+x SE n Mean+SE
15.0 15 8.71+0.80a 15 9.240.84
20.0 9 74+0.41a 10 7.3+0.45
25.0 6 6.8+0.44a 8 5.0+0.75
30.0 7 3.1+0.14b 9 271041

Within column means with the same letters are not significantly different
(P> 0.05, Tukey’s studentized range test).

8 Bggary] PELYS AYARRE ol 43he]
FHPEEEE HelF3 glom, Table 6& 1 vieln]
Jo}. P2 0.86-0.93, 0.85-0.942 ¥ A] 3
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472 Table 75} ZFow, B3-S ZAHE o
15°C 8.74, 20°C 7.44Y, 25°C 6.8%, 30°C 3.1d4(F=
12,57, df =3, 34, * = 0.55, P=0.0001), 240} 2215l &-
& ¥21§& 9 15°C 9.24, 20°C 7.3¥, 25°C 5.0¢,
30°C 2.7Y(F=253.36, df =3, 56, ¥ =0.96, P =0.0001)
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