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ABSTRACT: The cowpea aphid Aphis craccivora Koch (Hemiptera: Aphididae) is a polyphagous species with a worldwide distribution.
We investigated the temperature effects on development periods of nymphs, and the longevity and fecundity of apterous female of A.
craccivora. The study was conducted at six constant temperatures of 10.0, 15.0, 20.0, 25, 30.0, and 32.5°C. 4. craccivora developed
successfully from nymph to adult stage at all temperatures subjected. The developmental rate of A. craccivora increased as temperature
increased. The lower developmental threshold (LT) and thermal constant (K) of 4. craccivora nymph stage were estimated by linear
regression as 5.3°C and 128.4 degree-days (DD), respectively. Lower and higher threshold temperatures (TL, TH and TH-TL,
respectively) were calculated by the Sharpe_Schoolfield_Ikemoto (SSI) model as 17.0°C, 34.6C and 17.5C . Developmental completion
of nymph stages was described using a three-parameter Weibull function. Life table parameters were estimated. The intrinsic rate of
increase was highest at 25°C | while the net reproductive rate was highest at 20°C . Biological characteristics of A. craccivora populations
from different geographic areas were discussed.
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Table 1. Development time (days) for Aphis craccivora using Yardlong bean as a food at six different constant temperaturs

Life stage
Temperature (°C)
Ist 2nd 3rd 4th Total
10.0 6.08 +£0.35a 5.69 £ 0.40a 6.47 +£0.35a 10.03 + 0.62a 2741 +0.75a
15.0 2.82+0.18b 3.13+0.19b 3.33+0.19b 4.81+£0.25b 13.39+£ 0.29b
20.0 2.14 £0.09¢ 2.02+0.11¢c 226 £0.13¢ 3.58+0.19b 9.52+0.16¢
25.0 1.05+0.02d 1.50 £ 0.07cd 1.36 £0.06d 1.73 £0.10¢c 5.67+£0.12d
30.0 1.30 +£0.09d 1.60 £ 0.10cd 1.47 £0.13d 1.75+0.43¢ 5.82+0.20d
32.5 1.01 £0.09d 1.19 £ 0.05d 1.17 £0.04d 1.28 £0.05¢ 4.56 £ 0.06d

Means followed by the same letter within a column are not significantly different (P<0.05, Tukey studentized range test). 1st nymph stage:
Fs 333 =135.14, P<0.0001, 2nd nymph stage: Fs, 325 = 76.41, P<0.0001, 3rd nymph stage: Fs ,9; = 120.05, P<0.0001, 4th nymph stage: Fs, ;35 =
98.57, P<0.0001, Total nymph period: Fs, 237 = 641.29, P<0.0001.

Table 2. Lower developmental threshold (°C) and thermal constant (DD) estimated from the linear regression for Aphis craccivora

Life stage Regression equation r? LDT K

Ist 0.0497T - 0.3848 0.90 4.92 27.88
(0.0114) (0.2106)

2nd 0.0330T - 0.1633 0.99 2.73 37.20
(0.0010) (0.0187)

3rd 0.0376T - 0.2515 0.96 4.66 33.04
(0.0051) (0.0944)

4th 0.0301T - 0.2365 0.90 7.68 34.31
(0.0071) (0.1307)

Total nymph 0.0089T - 0.0584 0.96 5.30 128.43
(0.0012) (0.0232)

LDT is lower developmental threshold. K means thermal constant. Numbers in the parentheses are SEM at each developmental stage. 1st
nymph stage: F;, ,= 18.83, P < 0.0492, 2nd nymph stage: F;,, = 1048.09, P < 0.0009, 3rd nymph stage: F; > = 53.65, P < 0.0181, 4th nymph
stage: F1,,=17.97,P < 0.0513, Total period of nymph: F; , =50.19 P < 0.0193. The linear regression analysis was for the ranges of 10~32.5°C.

Table 3. Parameter estimates of nonlinear developmental rate model for Aphis craccivora

Life stage
Parameters

Ist 2nd 3rd 4th Total

Py 1.1989 0.8458 0.8999 0.9231 0.2298
T, 309.4183 305.8506 306.7041 307.7296 306.5828
AHA 17.4891 3780.996 10.0000 3563.549 2197.139
AHL -29835.87 -33772.38 -28582.37 -23290.26 -27452.36
ANHH 10401.69 10212.09 999998.1 991194.5 999977.3
70 292.7756 285.8291 291.7429 293.1496 290.1909
TH 344.0913 364.3137 307.8221 308.8050 307.7340

» 0.0024 0.0072 0.0082 0.013 0.0038

r 0.93 0.96 0.97 0.96 0.97

p, is the developmental rate at 7}; 7, is the intrinsic optimum temperature; AHA, AHA,and A HA are enthalpy changes (Jmol™);and TL
and TH are temperatures at which the control enzyme has equal probability to be active or inactive by low or high temperature inactivation.
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Table 4. The longevity (mean + SE) and fecundity (mean + SE) of adult female Aphis craccivora at six different constant temperatures

Temperature (C) Pre-oviposition Oviposition Post-oviposition Longevity Total nymphs/female
10.0 8.26 +0.70a 9.64 +1.26b 2.97+0.36a 19.88 £ 1.21a 8.82 +1.25d
15.0 2.55+0.24b 18.36 + 1.79a 2.71 £ 0.46a 22.63 + 1.86a 28.52 +2.35bc
20.0 1.36 + 0.14bc 19.17+1.21a 2.83+£0.32a 2236+ 1.27a 44,72 +3.45a
25.0 0.65 £+ 0.09¢ 9.73£0.77b 1.11 £0.06b 10.52 +0.81b 37.19 £3.27ab
30.0 0.94 +0.19¢ 4.17+0.82¢ 1.00£0.17b 5.28+£0.81bc 13.67 +3.04d
325 0.50+0.11¢ 3.432 +0.34¢ 0.82+0.10b 3.86 +0.37¢ 20.40 +2.83¢c

Pre-Oviposition: Fs 05 = 87.49, P < 0.0001, Oviposition: Fs 25 = 28.83, P < 0.0001, Post-Oviposition: Fs 205 = 10.53, P < 0.0001, Longevity:

Fs, 205 =41.63, P < 0.0001, Total egg / female: Fs 205 = 21.93, P < 0.0001.
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Table 5. Life table parameters of Aphis craccivora at six different constant temperatures

20| o] uhE AHIE 4l
22Z712(R0)2 20 (34.4)7 25°C (30.9)
2 Aol 24

Al ol 248744 del= AlRbS Uehli= 3

Sk &

)

s/female/day

ph

T (n."m

-
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Daily fecundity

Parameters (mean £ SD)

Temperapture (°C) 3 T (day) DT (day) N .
10.0 4.54+1.37c 33.75+ 1.06a 15.18+3.12a 1.05 £ 0.009¢ 0.04 £ 0.008e
15.0 17.99 £2.97b 21.74 £ 1.41b 521+£0.19b 1.14 + 0.005d 0.13 £ 0.005d
20.0 34.40+5.29a 17.16 £ 0.67¢ 3.36 £ 0.16¢c 1.23+£0.012¢ 0.21 £ 0.009¢
25.0 30.99 +5.43a 10.11+0.65d 2.04 +0.08¢ 1.41+£0.021a 0.34+£0.014a
30.0 9.11 +4.16d 8.45+0.92¢ 2.60 +0.55d 1.30 £ 0.067b 0.26 + 0.052b
32,5 9.61 £2.73d 6.53 £ 0.45f 1.99+0.18e 1.41 £ 0.044a 0.34+0.031a

Means followed by the same letter in a column are not significantly different using Student'’s t-test for pairwise group comparison at P < 0.05.

R, net reproductive rate, T: Mean generation time, DT: Doubling time, A: Finite rate of increase, r,, : Intrinsic rate of increase.
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Table 6. Temperature-dependent development data of Aphis craccivora and source references in previous studies

Developmental

Tem(rzecr;l ture periods of lo:gdeu\};ty fe?uiudlitty Host plant Country Reference
nymphs
10 28.1 20.5 6.0 Asparagus bean Taiwan Kuo and Chen (2004)
12.8 17.4 38.4 63.1 Alfalfa United States ~ Berberet et al. (2009)
15 13.2 422 86.4 Asparagus bean Taiwan Kuo and Chen (2004)
18.3 8.8 32.2 82.7 Alfalfa United States ~ Berberet et al. (2009)
20 9.0 23.6 82.2 Asparagus bean Taiwan Kuo and Chen (2004)
23.9 5.9 19.3 82.1 Alfalfa United States ~ Berberet et al. (2009)
25 53 16.4 97.1 Asparagus bean Taiwan Kuo and Chen (2004)
25 7.8 16.4 21.0 Robinia pseudoacacia Iran (Lab) Jalalipour et al. (2017)
16-32 8.7 12.6 13.6 Robinia pseudoacacia Iran (Field) Jalalipour et al. (2017)
29.4 4.4 14.7 70.7 Alfalfa United States ~ Berberet et al. (2009)
30 4.2 10.8 62.7 Asparagus bean Taiwan Kuo and Chen (2004)
35 4.7 6.2 5.7 Asparagus bean Taiwan Kuo and Chen (2004)
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