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Effect of Temperature on Development and Reproduction of
the Cotton Caterpillar, Palpita indica (Lepidoptera: Pyralidae)

NSF - AU - & - AW - =Y
Wook-Kyun Shin, Gil-Hah Kim, Cheol Song,
Jeong-Wha Kim and Kwang-Yun Cho

Abstract - Development and reproduction of the cotton caterpillar, Palpita indica, were investigated
under different temperatures (15.0, 17.5, 200, 22.5, 250, 27.5, 300, 32.5, and 35.0°C). Duration from
egg to pre-adult of the cotton caterpillar were ranged from 68.6 days at 17.5°C to 19.7 days at 35.0°C(3.5
times shorter growth period compared with that at 17.5°C). At 15.0°C, cotton caterpillar eggs developed
to the last larval instar but were not able to go through the pupal stage. The lower developmental
threshold temperatures and degree-days of egg, larva, pupa, and complete development were 134, 10.6,
11.6, and 11.5°C and 55.3, 251.5, 138.3, and 479.8 degree days, respectively. The hatching, pupation and
emergence rates were higher at 25.0°C and 27.5°C compared with other temperatures. The survival rate
from the hatched larva to adult was the highest at 27.5°C. The preoviposition and the adult longevity were
11.5 and 30.6 days at 17.5°C and 1.5 and 9.2 days at 35.0°C, respectively. The mean fecundity per
females was greater at 25.0°C and 27.5°C compared with other temperatures. Mean generation time in
days (T) was shorter on higher témperature. Net reproductive rate per generation (R,) was the lowest at
the highest temperature as well as at the lowest, and it was 199.1 which was the highest at 27.5°C. The
intrinsic rate of natural increase (r,,) was highest at 30.0°C as 0.148. As a result, optimum ranges of
temperature for P. indica growth were between 25.0~32.5°C .

Key Words - Palpita indica, Lower developmental threshold temperature, Degree-day, Intrinsic rate
of natural increase
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Table 1. Mean £ SD duration of egg and larval period of P.
indica under various temperatures
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Table 2. Mean+SD duration of pupal period of P. indicae
under various temperatures

Temp. Egg period Larval period
co " (days) " (days)
150 643 1601 1.0a° 50 378x14a
175 550 11309 50 343+32a
200 667 100+1.0b 50 29.1+3.3b
225 564 7.6+ 1.0bc 50 245+35c¢
250 436 52%0.7cd 50 189+1.9d
275 545 5.0£0.3cd 50 15.8+ 1.6de
30.0 501 3.1£0.8cd 50 14.5+0.8ef
325 710 3.0+0.7cd 50 10.6 £0.7fg
350 570 24+0.5d 50 9.8+0.4g

aMeans followed by the same letters are not significantly dif-
ferent (p = 0.05; Duncan’s multiple range test [SAS Institute,
1991))
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Temp. a Prepupal period I Pupal period
O (days) (days)
150 16 32+04a? ~b -

17.5 14 3.0x1.2ab 14 200+2.1a
200 19 28+0.7b 15 13.7£1.7b
225 14 25+10c 13 106x1.4c
250 16 2.1+£0.3d 16 105£0.7¢c
275 17 20+0.5d 16 99+1.3d
300 20 1.7£03e 13 9.7%0.5d
325 13 1.7+0.5¢ 12 62+04e
350 12 1.2+04f 11 6.3+0.5¢

“Means followed by the same letters are not significantly dif-
ferent (p = 0.05; Duncan’s multiple range test [SAS Institute,
1991])
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Table 3. Regression of developmental velocity (V) on temperature (t), the low developmental threshold (T) and total effective
temperature (K) for development of each stage of P. indica

Developmental Regression equation T K
stage & r? O (degree day)
Egg V=00178t—0.239 r2=0.942 134 553
Larva ' V=0.0039t—0.042 r>=0.951 10.6 251.5
Pupa V=0.0069t-0.079 r*=0.892 116 138.3
Egg to prepupa V=0.0029t-0.031 r2=0.958 109 346.1
Egg to emergence V=0.0021t-0.024 r2=0.959 11.5 479.8
r%: Coefficient of correlation
Table 4. Survival rate of pre-adult stages of P. indica under various temperatures
Temp. n Hatchability n Pupation n Emergence
O (%) rate (%) rate (%)
150 643 63.4+0.8b* 50 47.0x5.8cde —b -
17.5 550 68.7+5.9ab 50 47.0£6.3cde 32 78.2+12.3bc
200 667 71.1+6.3ab 50 49.0 £4.0bcde 28 729+12.7c
225 564 859+53a 50 58.0+8.2abcd 29 86.51t114ab
250 436 872+34a 50 62.0+7.6ab 36 93.5+£99a
275 545 88.8+7.7a 50 60.0+8.3abc 31 90.6+6.8a
300 501 83.0+1.9ab 50 444 +t4.4de 22 756+12.8¢c
325 710 76.4+8.3ab 50 36.2+3.9ef 22 68.8+8.5¢c
350 570 659+5.7ab 50 264x3.7f 16 536x11.8d

aMeans followed by the same letters are not significantly different (p =0.05; Duncan’s multiple range test [SAS Institute, 1991])
®Not pupated

—— 7.5 °C - =0~ - 20.0 °C —8—225 °C =eB-- 25,0 °C
—a 275 °C - a0 = 30.0 °C ~—32.5 °C ---&-- 350 °C

No. of eggs/female/day, my

Adult age, X (days)

Fig. 1. Number of eggs per female per day of P. indica under various temperatures.
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Table 5. Duration (Mean + SD) of adult longevity and reproduction of P. indica on under various temperatures

Temp. Preoviposition period? 2 longevity(days) No. of eggs laid/ ¢ No. of eggs/ £ /day
O n (Day +SD) (Day x=SD) (Mean+SD) (Mean+SD)
17.5 17 11.5£9.2ab 306+11.9a 98.0x55.8f 51£14
200 34 55+£4.7b 23.9+8.9ab 158.6+57.6d 86+12
225 15 29+1.5¢ 212+6.5b 200.5+87.5¢ 110+22
250 34 23+1.3cd 155+6.3¢ 281.8+494a 213%£19
275 10 1.7+£1.0cd 13.5+3.1d 245.8+£27.9b 20.8+2.1
30.0 35 1.6+0.7d 12.2+£2.0e 237.1+39.8b 224+1.6
325 15 1.840.6cd 12.1£1.9e 2322+52.5b 21.1£25
350 34 1.5+£0.7d 92+1.7f 1395+ 64.1e 18.1+15

2Days from emergence to the first oviposition

®Means followed by the same letters are not significantly different (p=0.05; Duncan’s multiple range test [SAS Institute, 1991])
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Table 6. Life-table parameters of P. indica under various
temperatures

Temp. (°C) R T? rm®
17.5 67.8 690 0.061dd
20.0 91.5 66.2 0.068d
22.5 128.6 59.6 0.081cd
250 191.3 438 0.127ab
27.5 199.1 38.0 0.147ab
300 1922 355 0.148a
325 1352 333 0.146ab
350 80.6 320 0.137ab

. °Net reproductive rate per generation

PMean generation time in day

“Intrinsic rate of natural increase

dMeans followed by the same letters are not significantly dif-
ferent (p = 0.05; Duncan’s multiple range test [SAS Institute,
1991))
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