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Temperature-dependent Development of Pseudococcus comstocki
(Homoptera: Pseudococcidae) and Its Stage Transition Models
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ABSTRACT : This study was carried out to develop the forecasting model of Pseudococcus comstocki
Kuwana for timing spray. Field phenology and temperature-dependent development of P. comstocki
were studied, and its stage transition models were developed. P. comstocki occurred three generations
a year in Suwon. The 1st adults occurred during mid to late June, and the 2nd adults were abundant
during mid to late August. The 3rd adults were observed after late October. The development times of
each instar of P. comstocki decreased with increasing temperature up to 25°C, and thereafter the devel-
opment times increased. The estimated low-threshold temperatures were 14.5, 8.4, 10.2, 11.8, and 10.1
°C for eggs, 1st-+2nd nymphs, 3rd nymphs, preoviposition, and 1st nymphs to preoviposition, respec-
tively. The degree-days (thermal constants) for completion of each instar development were 105 DD
for egg, 315 DD for 1st+2nd nymph, 143 DD for 3rd nymph, 143 DD for preoviposition, and 599 DD
for 1st nymph to preoviposition. The stage transition models of P. comstocki, which simulate the
proportion of individuals shifted from a stage to the next stage, were constructed using the modified
Sharpe and DeMichele model and the Weibull function. In field validation, degree-day models using
mean-minus-base, sine wave, and rectangle method showed 2-3d, 1-7 d, and 0-6 d deviation with actu-
al data in predicting the peak oviposition time of the 1st and 2nd generation adults, respectively. The
rate summation model, in which daily development rates estimated by biophysical model of Sharpe
and DeMichele were accumulated, showed 1-2 d deviation with actual data at the same phenology
predictions.

KEY WORDS : Pseudococcus comstocki, Forecasting model, Degree-days, Stage emergence model,
Pear trees

E 5 12 47 7AAEE AT A58 A3 238 AEsar st 23
A PR BAYA ] 2AF H SR RS l&g zAFE o 7 hgHA AHoel($-3h =y
+ X—Jr**%}?iﬁ} A FA7e A 69 Fake, 249 89 F3lE, MY 104 sleez

AA M= d 33 DA /AR g 2 dgdAe] 8772 25°CAAl e =0t
§7]-§=}—,—% Aot I ol xR 07}6}%11:}. “—b:r%i%i FAATN & 14.5°C, 18
okZ 428 k3 8.4°C, 3% 9F3 10.2°C, AlgbAl 7|7k 11.8°C, 18] 18 3Ry ARMZIAE=
10.1 °Celgc}. we-91AdL 2138 A2 (DD)E: & 105DD, 18] +28 315DD, 38 143DD, Atk

*Corresponding author. E-mail: jeon5155@rda.go.kr

— 43—



44

Korean J. Appl. Entomol.

717k 143DDolgie). G3E] A7 71A] "o g HAE = 599DDeo|gich A e Ry}
whe-glg A7) B8 JehlE Weibull §45 o] & 7EZ4AHe o] E7 WA oA g W
S 2 Ao JAf vEE FATE LS Aol my S ALl 132 Abd
1WA HAREEE ol4dte] AL MY 50% AFEA7]E |58 ZAF Mean-minus-base
AN L ALLE A AEdF) v wste] 199233 199393 1498} 249 B 2-3Ye] HAxF
B4, Sine wave FAHE 0|43 79 1-799] HAE B} Rectangle FAH-E 0-64¢] #H
AE Bt 52 3S o4 UW MSES FAHsIT oS A= UsE HAlwse A
14w e} 241 2] A ZALEE A7) 9l& AT 25 50% AFA 7| 7HA = 1299 HAE By

ZAO| @ AR, A BB, AL, DA o2, T

42(1), March 2003

7}272 A ) (Pseudococcus comstocki Kuwana)+=
B2t min 2 s}27R)d ) FBH(Pseudococcidae)ol]
&3 dFor AR, WivE, T B 6589
715218 MAsle IEE FE dFox od#A
9itHFerris, 1919; Compere, 1933). =] s} oA =
7V 2 8|, 274 R 8 (Planococcus citri Risso),
LA 7V 22 A (P, kraunhiae Kuwana), W E7}1572
A H(Crisicoccus matsumotoi Shiraiwa), S -F71%
72t 2 H|(Dysmicoccus wistariae Green) 5-o] ®kAglc}
3 B33} eHPark et al., 1992). 7} 2722 H = wiv}
2o 23 e WP A9 § S04 G2E
Aol #el ¥ Az YE3la, YUl H3d
F3EE 20E T Al e T A3}
HAdz o] F3led rlegel(Choi, 1991). ¥l o3&
SAAE 317] dEo] FAW Ao HAG 3
NAEL Ao HEFHR] kol WAl oj=lge] 3l
o =8 SRS FU|AH oz Amsle ek Il
N 5% oo sl I-EE Beo]i glem(Jeon et
al., 2000), B}A & £E&3) & AS oS & AAH &
Al 71A A . aebr] A 257] Ao A
A=g vt dhyo] Y o33, 53] YoflA 7t 73}
s fFA7|o A7 AER Ao Bedid F, 7t
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3 9 dAEAS PslEE ko] FAld A
A FHZo] & FHA] oko} WA &I} oA 7] wio]
o} =3 pofe] 283 g A3t 9 A 5
FAME-E A7) 9% S FEgRA A L] AHe)
L7g wet AHE o] 43 AEXUA S} #F L
Aol ol o8t el AAZAIZ] AA o] FAH
32 v Metcalf, 1994).
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Chapman, 1972, AliNiazee, 1976; Butts and MeEwen,
1981). 18y fEAALE Y2 UEYHLEE
ANl s A3 W Rl Ao} I
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1967). T EME o3 AIHS RUsh g
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1925; Choi, 1991) o}X7}x] 7}224AHd 2] -5
of Wgt A=A Awrl 9 Adeldh oA o
T AR e xnks AYe AT, 1
AA8E vigtoz At HEFARIAT] & E8E 3}
Astaet. =3 ARp 7EAAEE JHA e AR
(population phenology model) Zt4d& 918+ 7z} w8t
A Ael($-2h=3 & A5k

SRR

NHBE A

Aol o] &% 71X (Pseudococcus comstocki
Kuwana)¥ el d72(5UA] o] 2-%) vl FdellM ¥
AL AAF (1994 29) AHEA(25+0.5°C; RH =
70+5%; L:D=16:8)o|A] 3-44d] o AF&-5 714
Eolgltl FlARS Al = RS o] 43l tH(Me-
yerdirk er al., 1981). 7}4xde =9 A& $3}
o] HF=(W37xL32xHS5 cm)el] =all(4283F =~ 10%,
ge)E 1-2em A= ZAx 7 9o Ao} 3-dem AT 2
v olE ARE 5-970 &8sk AR s
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Table 1. Development periods in days (mean+ SD) of comstock mealybug, Pseudococcus comstocki, at constant temperatures

Temperature
Stage
15°C 20°C 25°C 30°C
Egg — 17.440.99 (55) 9.34+0.44 (53) 12.1+£1.78 (29)
1st+2nd nymph 56.1+7.92 (28) 25.4+4.44 (40) 20.2+£2.96 (43) 22.9+3.96 (75)
3rd nymph 31.2+5.35 (26) 37.81+7.24 (32) 9.84+3.31 (33) 10.8+£2.82 (50)
Preoviposition 31.8+4.04 (25) 25.3+6.19 (31) 99+292(32) 12.94+2.28 (44)
Ist nymph to preoviposition 117.24+15.36 (25) 62.8+12.16 (31) 38.3+7.28 (32) 45.8+7.46 (44)

The values in parentheses are number of individuals examined.
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Table 2. Developmental threshold and thermal requirement for the development completion of Pseudococcus comstocki

47

Stace Regression Low-threshold Thermal
& Equation® P Temp. (°C) constant, DDP
Egg y=0.009510x—0.13804 0.97 14.5 105
1st+2nd nymph y=0.003169x —0.02668 0.90 8.4 315
3rd nymph y =0.006981x—0.07099 0.99 10.2 143
Preoviposition y =0.006996x —0.08259 0.84 11.8 143
1st nymph to preoviposition y=0.001669x—0.01689 0.99 10.1 599

sy =ax+b where y is the developmental rate (1/days) and x is the temperature.

YDDs were reciprocal of slopes of each regression equation.
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Fig. 1. Seasonal population fluctuation of Pseudococcus comstocki
in Suwon.
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Table 3. Estimated values of parameters in biophysical model (Sharpe and DeMichele, 1977) for each stage Pseudococcus comstocki

Stage RHO25 HA TH HH P
B 0.1213 29950.3152 301.3135 84930.0927 0.92
g8 (0.01273) (3114.01473) (2.13841) (8947.77381) :
0.0588 20225.4525 302.0250 68533.5158
Ist-+2nd nymph (0.00437) (1917.24792) (0.77346) (5739.28438) 0.94
0.1136 293103127 301.8132 857907212
3rd nymph (0.01323) (4179.02946) (0.98745) (6401.36284) 0.98
- 0.1065 263100253 302.3990 147133.17143
Preoviposition (0.03142) (3991.41865) (1.03242) (44321.88274) 0.92
N~ 0.0357 23750.7392 300.5277 58084.4296
Ist nymph to preoviposition (0.00745) (6921.19521) (0.44275) (2490.32112) 0.98
aStandard error
Table 4. Estimated values of parameters in Weibull function of 1.0
development time for each stage Pseudococcus comstocki A 5
Stage 4 n B r 0.5 -
—0.1498 11319 11.3329
Fee (6.56872) (6.57884) (66.26006) OO 0.0 . "o , ,
06262 03873 22959
IstH2ndnymph  'o8011)  (0.08404)  (0.58318) OO 00 04 08 12 16 20
05101  0.4399 1.6108 .
3rd nymph (011106) (0.12008) (0.55529) % 09 g
o ~0.1048 1.1489 5.4411
Preoviposition 1" 0507)  (1.12862)  (5.75643) 00 05 4
1st nymph to 06133 04159 17672 g,
preoviposition (0.06696) (0.07259) (0.39279) ’ 0.0
- T T T T 1
Standard error - 00 04 08 12 16 20
Xl
5 10 -
USHHRE o USR] e HAURT & C ©
a
05 -
Zh g A whgedd g AT A g g
14.5°C, 13428 8.4°C, 33 10.2°C, A=A 7)== 11.8 % 0.0 . O . , ,
Cz 4o Wi ews} 71 EteiTable 2). = € 00 04 08 12 16 20
T 1R AR B ese orcd © qoq
o} whg-ebAdol) Hadt HAEEE o 105DD, 1342
2 315DD, 33 143 DD, AFFA7]7F 143DD, 187 0.5
132 AREA7)7E $8A71R] €3 Hallxe
0.0
599 DDeo| ¢t} 0.0
. . 1.0
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Az e g exde] BAE 2wt 05 1
Z7}gte) wel W8 o] Zrlslger) w8 3 00
ALz oM Ee =7 713l wet g ' 0.0 0.4

2318 ZFAsHHT BE dEdA s 2o oA
8-0] #3|(Wagner et al., 1984a) &= 47 =j7]¥H42]
rgEyoz s 248 24 weAE B4
2 9) w74 k-2 Table 33} Z)c}.
el b L e g o o S R A B B e e
BguA)7] EEE Fig 29} 2} 2 BEDAE =

Physiologicla age

Fig. 2. Cumulative proportions of development completion for
each stage of Pseudococcus comstocki as a function of physiologi-
cal age. Three-parameter Weibull function was applied. Open cir-
cles and solid lines indicate observed and estimated values, res-
pectively. (A) Eggs. (B) 1st+2nd nymphs. (C) 3rd nymphs. (D)
Preoviposition. (E) The 1st nymphs-preoviposition.
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Fig. 3. Predicted stage emergence (transition) density curves in relation to cohort age (days) and temperature (°C) for Pseudococcus com-
stocki. (A) Eggs. (B) 1st+2nd nympbhs. (C) 3rd nymphs. (D) Preoviposition.

Table 5. Observed and predicted dates of oviposition peak times of P. comstocki each generation

Estimated by accumulated degree-days?

. Estimated b
Generation Years Observed Mean-minus-base Sine wave Rectangle rate summatignb
method method method
1992 7 Jul. 10 Jul. (3)¢ 7 Jul. (0) 6 Jul. (1) 9 Jul. (2)
Ist 1993 2 Jul. 4 Jul. 2) 2 Jul. (0) 1 Jul. (1) 3 Jul. (1)
Mean 2.5d 0.0d 1.0d 1.5d
1992 28 Aug. 26 Aug. (2) 21 Aug. (7) 22 Aug. (6) 29 Aug. (1)
2nd 1993 23 Aug. 26 Aug. (3) 22 Aug. (1) 23 Aug. (0) 25 Aug. (2)
Mean 2.5d 4.0d 3.0d 1.5d

“The thermal units were calculated by daily average temperature minus low threshold temperature for mean-minus-base method, and sine wave and rectangle

method came from Allen (1976) and Arnold ez al. (1976), respectively.

®Daily development rates which were estimated by Biophysical model of Sharpe and DeMichele (1977) were accumulated.
°The values in parenthesis indicate deviation between predicted and observed date (days).

All models used 50% hatch date of overwintering eggs as a starting date.
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YR 242 WS e Table 49} 2o,
WSehl| Ho|2 8 AlgHolM
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4 AYH 9RE& FASLI o] A& LEEBA] B

zeye] Ysied] 29 LaA Holwy A&
ol ATHAAE : 4] 4% Fig. 35 Ak 4 282
Aol Mol($MEZIHE A1 Hele ehish
Medlne Ael($3h2AY HEghe] 21wk 2
Mol Fe uglch L7} 2714F HolFA HF
kol AolA T WMol HE Hasielen, 25-28°C Apel
o FEZA Fol7h 7R dh o £ olAl
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