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Comparative study on heat tolerance of Guangdong and Beijing populations

of Propylea japonica Thunberg Coleoptera Coccinellidae
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Abstract The heat tolerance and sensitivity to temperature of Guangdong and Beijing populations of Propylea
Japonica Thunberg  was studied at different temperatures 26°C —36°C . The growth and fecundity of P .
Jjaponica at different temperatures the lethal high temperatures of P. japonica larvae and the survival rates
of 4th larvae at lethal temperatures after pretreatment at lethal high temperature were observed and the soluble
protein content of P. japonica after heat shock at high temperatures was assayed with Bradford’ s method. The
growth and fecundity of two populations were significantly obstructed at 36°C  with durations of developmental
stages extended and survival rates and fecundity decreased. From 26°C to 36°C  the sex ratio of female to
male changed markedly as the temperature increased. At 36°C  the adults were all male. The lethal high
temperatures to larvae of both Guangdong and Beijing populations were same as 1st — 2nd instar larva 3rd

instar larva and 4th instar larva all died after treatment respectively at 44°C  45°C  and 46°C for an hour.
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The survival rates of the 4th instar larvae of Guangdong and Beijing populations at 46°C were improved after
pretreatment at lethal high temperature 39°C for 120 or 150 min with the survival rate of Guangdong
population higher than that of Beijing population. With the temperature increasing within 26°C to 34°C  the
soluble protein content of adult and the 4th larvae increased. But after heated at 39°C  41°C and 43°C for one
hour the soluble protein content of the 4th larvae increased while that of the adult decreased. The soluble
protein content of adult and the 4th larvae of Guangdong population was highest after being heated at 39°C for
one hour as Beijing population was highest after being heated at 43°C for one hour. Within the temperature
range of 26°C to 36°C  the heat tolerance were not much different between Guangdong and Beijing
populations .
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Table 1 Development duration d of Guangdong and Beijing populations of Propylea japonica at different temperatures
Developmental stage Population 26°C e e 36C
Guangdong 2.14+0.01 aA 1.63+£0.04 bdA 1.55+0.10 beA 1.73+£0.07 dA
Egg Beijing 1.93+0.34 aA 1.79+0.02 aA 1.61+0.06 aA 1.80+0.34 aA
1 Guangdong 1.62+0.05 aA 1.13+£0.08 bA 1.20+£0.07 bA 1.33+£0.13bA
Ist instar Beijing 1.65+0.11 aA 1.28+0.11 bA 1.17+0.06 cA 1.50 £0.06 abA
2 Guangdong 1.16 £0.03 abA 1.05+0.17 aA 0.97+0.01 aA 1.42+0.05 bA
2nd instar Beijing 1.24+0.06 aA 1.03+£0.04 bcA 0.93+0.05 bA 1.15+0.10 acA
3 Guangdong 1.16 £0.02 aA 1.07+0.02 bB 0.96+0.02 cA 1.09+£0.10 aA
3rd instar Beijing 1.30+0.08 aA 1.00+£0.01 bA 1.02+£0.09 bA 0.95+0.07 bA
4 Guangdong 1.83+0.06 aA 1.07+0.02 bA 1.72+£0.04 aA 2.13£0.12 cA
4th instar Beijing 2.06+0.07 aA 1.77+0.13 bA 1.73+0.04 bA 2.23+£0.02 aA
Guangdong 0.64 +0.08 aA 0.51+£0.03 aA 0.47£0.03 bA 0.49+0.01 aA
Prepupa Beijing 0.73£0.06 aA 0.46 +£0.07 bA 0.47£0.04 bA 0.66 £0.09 abA
Guangdong 2.89+0.12 aA 2.16 £0.03 bA 2.38+0.13 bA 2.28+0.07 bA
Pupa Beijing 2.99+0.10 aA 2.29+0.06 bA 2.44+0.15 bA 2.33+0.14 bA
Guangdong 3.65+0.20 abA 3.30+0.40 bA 4.53£0.26 aA
Pre-oviposition Beijing 4.06£0.03 aA 3.79+£0.39 aA 3.77+0.68 aA
Guangdong 15.08 £ 0.34 aA 12.41 £0.44 bA 13.67 £0.20 cA
Generation Beijing 15.65+0.32 aA 13.43+0.64 bA 12.72+0.67 bA
+ Duncan P <0.05
P<0.05 The data in the table are mean + SE. The data in the same row followed by different

small letters are significantly different by Duncan’ s multiple range test P <0.05

the different capital letters in the table indicate significant difference between

Guangdong and Beijing population of Propylea japonica at the same temperatures by Duncan’ s multiple range test P <0.05 . The same below.
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Table 2 Survival rates %
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26°C  31%C
64.3% 60.3% 34°C
34°C 42.3% 26°C 34.2% 36°C
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of Guangdong and Beijing populations of Propylaea japonica at different temperatures

Developmental stage Population 26°C e Sl 36°C
Guangdong 64.3+£3.7 aA 60.3+4.3 aA 42.3+£5.8 bA 20.7+£2.9 cA
Egg Beijing 58.0+£2.6 aA 62.2+0.6 aA 44.0+11.0 aA 12.3+2.0 bA
1 Guangdong 87.0+£6.7 aA 89.4+3.5 aA 76.3+3.6 aA 49.7+2.6 bA
Ist instar Beijing 93.1+0.3 aA 85.7+3.3 aA 78.5+8.9 aA 38.9+10.0 bA
2 Guangdong 96.8+0.9 aA 93.1+1.7 aA 87.7+4.6 aA 72.4+4.1 bA
2nd instar Beijing 95.5+3.0 aA 94.9+1.8 abA 86.1+4.1 aA 48.8£24.4 cA
3 Guangdong 96.7+1.6 aA 98.0+0.1 aA 100+ 0.0 aA 86.0+ 1.6 bA
3rd instar Beijing 98.8+1.2 aA 100+ 0.0 aA 95.4+0.3 aA 55.6+29.4 aA
4 Guangdong 96.6+ 1.0 aA 95.3+1.7 aA 87.6+4.9 aA 93.3+6.7 aA
4th instar Beijing 98.8+1.2 aA 96.5+1.8 aA 96.6+ 1.7 aA 66.7+33.3 aA
Guangdong 98.5+0.8 aA 98.5+0.8 aA 91.7+2.3 aA 84.7+9.7 aA
Prepupa Beijing 100+ 0.0 aA 100+ 0.0 aA 95.7+1.1 aA 66.7+33.3 aA
Guangdong 97.0+£1.6 aA 97.1+£0.7 aA 87.4+4.6 aA 82.1+8.9 aA
Pupa Beijing 98.7+1.3 aA 97.4+1.3 aA 98.0+2.0 aA 50.0+28.9 bA
Guangdong 49.0+7.2 aA 44.7£2.7 aA 20.0+3.5 bA 4.0£0.6 cA
Generation Beijing 49.7+3.2 aA 47.7+3.7 abA 26.7+£10.0 bA 2.0£1.5¢cB
50.272x - 657.78 R =0.99%4 x =28.3 y
1
2 27.5C
34C 26°C  31<C 28.3°C
36°C 36°C 2.3
3 31C
34°C 26°C
31C 34°C
y x C 26°C 31°C
= —0.6763x +37.262x —462.3 R =0.9903 34C
x=27.5 y y=—-0.8871x" +
3
Table 3 Weight of Propylaea japonica pupa at different temperatures
26C 31C 34C
Population . mg . mg . mg
Number of pupae Weight of pupa Number of pupae Weight of pupa Number of pupae Weight of pupa
Guangdong 32 6.375+0.183 A 69 7.670+0.174 A 20 6.925+0.267 A
Beijing 45 5.827+0.183 A 30 6.407 £0.210 A 16 6.531+0.300 A
2.4 26C
4 1:1
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4 Table 5 Fecundity in a week after eclusion of
Table 4 Sex ratio of Guangdong and Beijing populations of Propylaca japonica at different temperatures
Propylaea japonica at different temperatures Population 2% SLAS Sad®
- - Guangdong 121.7 118.2 38.0
Population Sex watio_ % :J Beiji 145.7 108.5 13.9
P 26C  31C 34T 36C il : ‘ ‘
Guangdong  1:1.10 1:2.34 1:3.75 & All male 2.6
Beijing 1:1.36 1:3.00 1:6.00 3" All male :
2.5
5
26°C  31C 1 o) 44°C 3
34%C 45°C 4 46C 6
6 %
Table 6 Mortality % of Propylaea japonica larvae after heat shock at different high temperatures
. 41C 42C 43C 44°C 45C 46°C
Population Developmental stage
1 1st instar 0 26.7 73.3 100 100 100
2 2nd instar 0 7.8 34.4 100 100 100
Guangdong 3 3rd instar 0 0 11.1 22.5 100 100
4 4th instar 0 0 3.9 26.1 67.7 100
1 1st instar 0 18.9 80.0 100 100 100
2 2nd instar 0 3.3 47.8 100 100 100
Beijing 3 3rd instar 0 0 7.0 18.8 100 100
4 4th instar 0 0 6.7 25.0 72.7 100
2.7
7 4 2.8
46°C 2.8.1
4 4 8 26°C ~ 34°C
39C 150 min 4
72% 6 7
34°C
26°C 2.1
26°C 1.14 4
3 34°C
26°C 2.4 26°C 1.21
7 4 39°C
46°C % 26 34°C
Table 7 Survival rate % of 4th instar larvae of Propylaea 31°C

Japonica at lethal high temperature 46°C after pretreatment
of different time at non-lethal high temperature 39°C

30 min 60 min 90 min 120 min 150 min

Population

Guangdong 0 0 3.3 26.7 72.0
Beijing 0 0 0 7.4 43.5
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8 mg/g
Table 8 Soluble protein content mg/g of Propylea japonica at different constant temperatures
Population Stage 26C 31C 34°C
Larva 158.7+7.6 b 323.4+4.9 a 333.6+4.5a
Beijing Adult 343.8+4.0 b 376.9+10.4 a 392.4+11.1a
Larva 143.5+7.7 ¢ 212.5+2.6 b 344.6+2.3 a
Guangdong Adult 338.7+19.0 ¢ 359.8+11.0b 408.9+11.8 a
2.8.2
26°C 39C
43°C 9
9 mg/g
Table 9 Soluble protein content mg/g of Propylaea japonica after heat shock at high temperatures
Population Stage 26°C 39C 41C 43°C
Larva 158.7+7.6d 341.2+15.7 a 194.4+7.3 ¢ 244.6+11.4 b
Guangdong Adult 343.8+4.0 a 318.4+17.3 a 175.6 8.4 ¢ 230.7+12.0b
Larva 143.5+7.7 a 239.9+14.5b 259.3+10.6 b 349.1+15.1 ¢
Beijing Adult 338.7+19.0 a 232.4+15.7b 242.5+8.1b 316.8+4.6 a
3.1
26°C ~36°C 26C
1:1 36°C
34C 34C
1:3.75 1:6
34%C
36°C
40°C Sasaki ~ Obara 2001
38C
1983
5
25°C 28°C
12 34
3.2
34C

Yocum and Denlinger 1992 Neargarder et
al. 2003

4 39C 46°C
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