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ABSTRACT: The developmental time period of Aphis gossypii was studied in laboratory (six constant temperatures from 15 to 30°C with
50~60% RH, and a photoperiod of 14L.:10D) and in a cucumber plastic house. The mortality of 4. gossypii in the laboratory was high
in the 2nd (20.0%) and 3rd stage(13.3%) at low temperature but high in the 3rd (26.7%) and 4th stage (33.3%) at high temperatures.
Mortality in the plastic house was high in the 1st and 2nd stage but there was no mortality in the 4th stage at low temperature. The total
developmental period was longest at 15°C (12.2 days) in the laboratory and shortest at 28.5C (4.09 days) in the plastic house. The lower
threshold temperature at the total nymphal stage was 6.8 C in laboratory. The thermal constant required to reach the total nymphal stage
was 111.1DD. The relationship between the developmental rate and temperature fit the nonlinear model of Logan-6 which has the
lowest value for the Akaike information criterion(AIC) and Bayesian information criterion(BIC). The distribution of completion of each
development stage was well described by the 3-parameter Weibull function (r2 =0.89~0.96). This model accurately described the
predicted and observed outcomes. Thus it is considered that the model can be used for predicting the optimal spray time for Aphis gossypii.
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& IR Bk, =, 58T 5] ltHLeclant and
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AA L 8+=700F o]/Fo|tH Capinera, 2000). -2futetoll A=
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LT 2F0) AT, BANE, BE 5 AT 712 A
Blof FaFe nA= 7HE S a5 =24 aglolH, sil5-of WA
Akt B HEs ol&s7] 913k 7134 8 4amA 5
53t 2oke) BAIS S AStaAl T AT o] FofA gt
CHCampbell et al., 1974; Lactin et al., 1995; Logan et al.,
1976; Schoolfield et al., 1981; Briere and Pracros, 1998; Briere
etal,, 1999). @714 LU GFHALES o] &
T Rpo] ZulA| o] H I Jlom AA|lR F2 S5ANE U
Bl o2 U QItiEckenrode and Chapman, 1972;
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S m(Han et al., 1993; Kim et al., 2001; Kim and Lee, 2003;
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o O8] ThRE W0l Qlom(Lee, 2010) Z15oflA] o]
o= 7|20 2 of7lo]A| A H 712 Akaike Information Criterion:
AIC)Z} H|o]x]2F X 7| &(Bayesian Information Criterion :
BIC)o] X 11%]o] It Burnham and Anderson 2004; Shi and
Ge, 2010). BB E ol 2l A7-50] ol 2ol A L=
of oJgt oF=Hre-7]7HAkey and Butler, 1989; Liu et al.,

WL
o

o
2,
>
o

r

422 Korean J. Appl. Entomol. 51(4): 421~429 (2012)

2000)7} 43 5-2] 24+ 214 Lo} 9S4t oREax(Isely, 1946;
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o] AP-E0] 6.7%= Choe et al.(2006)2] 25C -0l A] 6.7%

AR A3E B o] Kersting et al.(1999)2] =512 H.2x
o] opd Aol A= ol F U A et HIIHE Y AFES
3R] 2 A0 2 Holn, Komazaki(1982)2} Isely(1946) % H
22 w7t 24729.7°C 0} 28 C ghar W arghi} glo] A4 2}
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4.83UR 714 ZkeH(Table 2). 15°C A 20flA] W-87]7ko] 7}
A doorn 27t Sedag 717k oty o 27C 9
30C 9] 717k f-o/do] AR =R kot &2 AdofA] zF &
718 oFFat A oS 25 Pgro] 0.001 =t 2o} 5% -9
o] Q1A =tk Ist nymph F =204.68, df =5, P = 0.001, 2nd F =
114.62,df=5,P=0.001, 3rd F = 111.44, df=5,P=0.001, 4th
F=9941,df=5,P=0.001). 5]D5}>2A 2A A #A-20]A
12,0342 7P Aglom 12791 8olli=4.09U 2 714 %
it Hom & E uf 12.6C 9} 14.4C of = 1-2-7]710] 2}0]
7} ARG Bt Lo 7} ok 2k 17.6C, 20.27C, 21.5C
of| A= 8014 o] 9Ji=d||(1st nymph F=29.59, df =5, P=0.001,
2nd F=65.8,df=5,P=0.001, 3rd F =48.94, df =5, P =0.001,
4th F =52.85,df=5,P=0.001), 0] 72 T2 R T}= #|20f &
i o gol] =& E St e H9l o2 HojXit Kerns
and Stewart(2000)=21+1C o|A] ¥F27|710] 5.67~6.292} 5}
o 2 A 9] 8.28U =20l 5 Bl om, A A=
ol 4] 24C oflA] 5.91 47} 27°C of| A 4.83 U} 7]22] 25°C o] 4]
5.49)(Liu et al., 2000)7}27.5C 2] 52(Akey and Butler, 1989)

Table 1. Age-specific mortality of Aphis gossypiiat various temperatures in the laboratory and plastic house

. Nymphal mortality (%)
Place Temperature (C)

Ist 2nd 3rd 4th Total

15 0.0 20.0 13.3 0.0 333

18 0.0 6.7 6.7 0.0 133

21 0.0 6.7 6.7 0.0 133

Laboratory 24 0.0 6.7 6.7 0.0 13.3
27 0.0 0.0 133 6.7 20.0

30 0.0 0.0 20.0 133 333

33 0.0 0.0 26.7 333 60.0

12.6+10.3 (23 Mar.~15 Apr.) 133 33 33 0.0 19.9

14.4+8.3 (3 Apr.~28 Apr.) 11.1 15.6 2.2 0.0 28.9

17.6+6.8 (19 Apr.~14 May) 8.9 17.8 2.2 0.0 28.9

Plastic house

20.2+6.2 (3 May~24 May) 17.8 8.9 0.0 0.0 26.7

21.5+5.9 (16 May~2 Jun.) 0.0 13.3 0.0 0.0 133

28.5+3.8 (3 Aug.~20 Aug.) 6.67 0.0 0.0 0.0 6.67
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Table 2. Development period(day, mean=SE) for nymph stages of Aphis gossypiiat various temperatures

Developmental periods (days + SE)

Place Temperature (C)
Ist 2nd 3rd 4th Total
15 2.58+0.45a" 3.05+0.41a 3.39+0.48a 3.18+0.53a 5.63£1.17a
18 1.99+0.51b 2.83+0.29b 2.29+0.24b 2.34+0.26db 4.82+1.28b
Laboratory 21 1.49+0.43¢ 2.47+0.28c 2.16+£0.51b 2.16+0.48b 3.96+1.64c
24 0.70+0.53d 1.61+0.39d 1.661+£0.29¢ 1.94+0.42¢ 2.31£1.57d
27 0.41+0.23¢ 1.60+0.45d 1.43+0.44d 1.39+0.50d 2.01+1.53e
30 0.39+0.11e 1.56+0.54d 1.48+0.60cd 1.39+0.32d 1.95+1.50e
12.6+£10.3 (23 Mar.~15 Apr.)  2.79+0.42a 3.15+0.35a 3.18+0.42a 2.91+£0.08a 12.03+0.51a
14.4+8.3 (3 Apr.~28 Apr.) 2.10£0.15b 3.22+0.07a 3.18+0.24a 2.98+0.31a 11.48+0.41a
. 17.6+£6.8 (19 Apr.~14 May) 1.72+0.09¢ 2.41+0.25b 2.21+0.23b 2.13+0.11b 8.47+0.53b
Plastic house 20.2+6.2 (3 May~24 May) 1.56+0.09¢ 1.97+0.05¢ 1.88+0.05b 1.82+0.24bc 7.23+0.48c
21.5+5.9 (16 May~2 Jun.) 1.54+0.05¢ 1.45+0.14d 1.40+0.10¢ 1.60+0.16¢ 5.99+0.24d
28.5+3.8 (3 Aug.~20 Aug.) 1.02+0.04d 1.02+0.04e 1.00+0.00c 1.05+0.04d 4.09+0.04¢e
% values followed by the same letter within a column are not significantly different(P>0.05, DMRT).
Table 3. Lower developmental threshold and thermal constant estimated by linear regression for A. gossypii
Stage Intercept Slope P L?:Vr;;;?;:jr}::)ld De(g];;)lgay
Ist -2.410 0.166 0.90 14.5 6.0
2nd -0.064 0.025 0.87 2.6 40.0
3rd -0.079 0.027 0.93 2.9 37.0
4th -0.109 0.028 0.92 3.9 35.7
Pre-nymph -0.241 0.026 0.94 9.3 38.5
Post-nymph -0.047 0.014 0.94 34 71.4
Total -0.061 0.009 0.96 6.8 111.1
Lowerthreshold temperature = | intercept/slope | .

Degree Day = 1/slope.
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Table 4. Parameter estimates of three non-linear models describing the relationship between temperature and development rate of
nymphal stage of Aphis gossypii

Nymphal stage

Model Parameter o P B = Pre-nymph  Post-nymph Total nymph
a 0.00015 0.00025 0.00032 0.00008 0.00021 0.00011 0.00008
Briere 1 To 14.48 -0.71 1.72 -22.532 6.23 -3.58 2.16
Tu 2289.97 37.75 36.32 64.73 44.42 40.70 41.90
p 0.1415 0.1816 0.1638 0.1723 0.1747 0.1533 0.1497
Lactin 2 T 32597 34.02 34.49 3591 35.61 35.88 36.59
AT 7.06 5.49 6.07 5.79 5.71 6.50 6.67
A -0.1983 0.14837 0.0954 0.1780 0.0107 0.0507 0.0052
0.0305 0.0982 0.1074 0.1197 0.0323 0.0605 0.0243
Logan 6 p 0.1585 0.0741 0.0723 0.0653 0.1072 0.0651 0.0798
T 482.01 33.58 32.78 30.37 33.11 30.16 31.20
AT 2.29 241 1.89 0.20 2.04 0.10 0.72

Table 5. Goodness-of-fit evaluation of Aphis gossypiiat nymphal stage

Nymphal stage
Model Parameter Pre-nymph  Post-nymph Total nymph
Ist 2nd 3rd 4th

r 0.9643 0.8977 0.9642 0.9249 0.9499 0.9507 0.9662

Briere 1 AIC -52.0 -99.7 -113.7 -101.3 -108.6 -129.2 -146.3

BIC -49.2 -96.9 -110.8 -98.4 -105.8 -126.4 -143.5

r 0.9890 0.9276 0.9737 0.9392 0.9670 0.9622 0.9806

Lactin 2 AlIC -67.6 -102.9 -116.3 -102.5 -113.1 -131.5 -152.8

BIC -64.1 -99.3 -112.8 -99.0 -109.5 -128.0 -149.3

r 0.9877 0.923 0.9764 0.9554 0.9702 0.978 0.9921

Logan 6 AlIC -64.0 -100.0 -116.3 -105.1 -112.6 -137.6 -164.0

BIC -59.7 -95.7 -112.0 -100.9 -108.4 -133.3 -159.8
4% o 23kt B0l 2 TS U Logan 6 BHo| 7P A FUSIREOR Uik w0 WerIe AR &
Aslct =3 BIC <A Briere 1, Lactin 2, Logan 62] 41| 3-parameter Weibull gr=of] 2-8-A|A 5 Yo 28 ThHA| 9} o1
-140.8,149.3,159.8 2 UEhL} o5 ghe] A #] Zo|7F 10014 ool 5w #4590t Table 5). 7 Ao E=
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Fig. 1. Comparison of predicted cumulative curves and observed proportion on each transplanting date of Aphis gossypii.

Table 6. Estimated parameters of Weibull function for devel-
opment completion of nymph of Aphis gossypii

Life stage n B v r

Ist 53.624  173.080  -52.625 0.78
2nd 35.854  209.295 -34.857 0.91
3rd 121.232  530.678 -120.222 0.85

4th 1.250 6.533 -0.249 0.93
Pre-nymph 10.040 48.366 -8.989 0.90
Post-nymph 1.538 6.891 -0.497 0.89
Total 1.214 5.683 -0.165 0.91
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