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Effect of high temperature on the growth, survival and reproduction of a

laboratory population of the rice stem borer Chilo suppressalis Walker
LUO ]1.11, ZHANG Xiao-—Xil, ZHAI Bc’:l()—].:)inglile ’ GUO YU-REHZ, ZHU Jian—Huaz(l. Department of Entomology,

Nanjing Agricultural University, Nanjing 210095, China; 2. Shanghai Agro-technical Extension and Service Center, Shanghat 201103,
China). Acta Ecologica Sinica,2005,25(4) :931~936.

Abstract : The influence of high temperature on the growth, survival and reproduction of a laboratory population of the rice
stem borer (RSB), Chilo suppressalis, was studied by constructing age-specific life tables and fertility life tables under two
constant temperatures (27°C and 30°C) and under fluctuating temperature regimes (20h at 27°C + 4h at 30°C, 20h at 27°C +
4h at 33°C, 20h at 27°C+4h at 36°C, or 20h at 27°C+4h at 40°C), in which the daily maximum temperature (Tmax) occurred
between 12:00~16.00.

The results indicated that high temperature.could affect the survival and duration of larval development of RSB. The mean
developmental period of the larvae exposed to a Tmax of 33°C was longer than the developmental periods under constant
temperature, and the developmental period was prolonged by approximately two weeks when the Tmax was raised to 36°C.
The duration of the other developmental stages of RSB did not show significant changes under high temperature. The survival
ratio of larvae decreased acutely when Tmax was greater than 33°C, for example, from 30.3% at 27°C to 13.1% at 36°C and
5.5% at 40°C. The survival of other development stages also decreased significantly as Tmax increased to 36°C. The highest
fecundity, 148. 7 eggs per female, occurred at a Tmax of 30°C, but decreased to 70. 5 eggs per female when Tmax increased to
36°C. Other life table parameters, the net reproductive rate R;, the intrinsic capacity for increase r, finite rate of increase 4,
and population growth index I, dropped rapidly as Tmax reached 36°C, while the mean length of a generation 7" was delayed as
Tmax increased above 33°C. There were no significant differences in pupal weights under different Tmax levels. As compared
with the fluctuating temperatures, there were no significant differences in growth, survival and fecundity between insects

reared at the two constant temperature treatments of 27°C and 30°C.
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This experiment demonstrated that the larval stage was the stage most sensitive to daily maximum temperature. High

temperatures will affect the survival and fecundity of RSB significantly. Therefore, abnormally high temperatures during

summer will probably be an important factor determining the abundance of field populations of RSB. It may be assumed that

the population density of RSB will decline during a very hot summer, and the emergence period of the moth will be postponed

if the days of Tmax >35°C are high

er than normal.
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Table 1 Duration of RSB * at constant temperature (d)

REWE {8 ¥ Temperature('C)
Development stages 27 30
A Eggs 5. 0840. 59a 4.8140. 53a
1 B 3H Larvae 29. 154 5. 24a 28. 42+ 3. 78a

6.25L0.7 6. 091 0. 94
§FHE Pupae * ° °
\ 6. 07 +0. 59a 5.8511.09a
. 0 0. 4. 25 0.
W Adults 2 4.05+0.91a + 0. 68a
A 4.3341. 01a 4. 944 0. 85a

RSB rice stem borer; * FHF BN FHBE T HHEE, R —
HHARBELHEBHAITHBE AN PNEFEFEBRERRINEREE @I
0. 05 ) The data in the table presented mean + SD and the data

following by different letters show significant difference at »<C0. 05

(LSR test) ; LA F [F] the same below
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ERMGE, BERBEGFmRMA—CEEZEK . HR 2 ATA,ANMERLEENSEESHFEREY LB EER,30CHKFHE T HHALTHE
X 27CTHIEZ, HRIAUFBE, AT ERLAERNBERFH*NELEEER,0CKEF TREBHMAX 27C T EE, R
FH&RBEBR 27CTHE.

X2 EEFGT-HAEERAESHEIR () x3 ERFGT{EFER~FR
Table 2 Survival of RSB at constant temperature(%;) Table 3 The pupal weight and egg number of RSB at two constant
_iﬁ BE Temperature( C) 27 30 ) temperature
IR IIE Eggs 100 100 RBECC) #H H Pupal weight(mg) F= 5 B Number
Temperature B Female HE Male of eggs (})

B1H4 Larvac 9o 23 93- 88a 27 48.2145.57(9Da  35.50%3.83(13Ma  145.7+76.4(19)a
1§ Pupae 26. 47a 25. 82a 30 48.65+3.05(113)a 39.22+2.01(84)a 197. 51+ 80. 2(16)a
A H Adults 13. 24a 15. 3a * {55 N PF 5 R R R BRI B R A Sk 300 G XS B M R R X G UL T R
4L 77 3E FK Survival 13. 24a 15. 3a The numbers in the parentheses mean the number of pupae for weighing and the
R B S 0 9. 1 16. 35 pairs of adults for mating,respectively;the same below

2.2 ARAIZBZFHT _MELBHENRET SFE
HESHHORBRENTRLAE . A S5EEBLEAELK, UEKHEEN (A EMBENAT EHFAEHENZH,

2.2.1 AEBERKBGTHEAEIH HEATL, TEAXMGTESERZGFTHREARAR . EBFHEE 27~29. 2CaE
N, HEESEMN _{EIEHBENEAEA —EMHER, TERIENYREREFHEZN. SHEBIRE 27CEAF 30C
L4 HREATEARER.YHERREBLBCHMNEBEEEK . HEFHSIRE 36T ML40CH R KT HE 27 CHit 4 3 3E
kKA esdM12d, M HERASUNERMAEE, MFALRNHTBABEREREBEN A B MBI EE, M@EHWNEER X W, 5
—FHE,. 5R1HEME. AN EERLHEAAEYRMHBESERLABATEE AN, HEAAERB B HBRMHEZ 2.2C B4 H
MABHABZENE W, EHERAZmERDT HESIIREERN.

X4 SHERFH T UESRSHEZEFRH(D
Table 4 Developmental duration of RSB population at fluctuant temperature (d)

B E Temperature('C)

EBHE
Development stages - Mean 27 27. 5 28 28.5 29. 2
B 5 Max. 27 30 33 36 40

i Eggs 5.08+0.58 a 4.8110.53 a 4. 62+0. 55 ab 4.314+0.51b —

%h B Larvae 33.38+4.59 ¢ 37.54+4. 87 be 39.47+5. 69 be 39.07+6.16 b 45.36+6.16 a
5 ¥ 5.634+0.75 ab 6.161+0.71 a 6.151+0.76 a 5.474+0.62 b 6+0.5 ab
Pupae 2 5.6840.53 ab 5.6440.75 b 6.2940.61 a 6.194+1.06 ab 5.7540. 95 ab
g ¥ 4.4340.76 ab 54+1.06 a 4.184+0.83 b 4.4+40.74 ab 44+0.77 b
Adults 2 540.7 8 ab 5.540.94 a 5.13+0.72 a 4.3+1.03 b 4+0.86 b

e ——

x RIS FHEERLAB,IPE X 20h HEBEER 27CH 4h(12:00~16: 000 W B E;; 40CH B AL T BT, 58 H3 4L B Ht Set the daily fluctuant
temperature as 20h 27°'C and 4h maximum temperature (30°C, 33'C, 36 C and 40C during 12:00~16:00 everyday); The egg under 40C 1is

absent

2.2.2 AFBERXRBTHREFREMEIEE HEXSEFH . YHENATERELHAPEREN, CHYAREREMA
i 33C M- RAENE, P 40CHE, ik 94.5%, AT RHI RN SB RISV . B BERMEMUWESHFEERLA
i, LHEYREERRCCH . SRENAERSHEEZRMK HHEEBEEH 33CHAY 8. 52 MBEE 2. 17. SR E
HEBERW. LHRBSECTFNES, ARFHTEAE 6 CH&7NRIFH T, 2T 10CH, =R, o580 H B
BEET 36CH, XERAMHER. BRA,BEERER 33CLL Lot . XN ZAAERMBE<FH AR,
SHARFGEMNETEYFEASELE (K6 . 4REZHALENFEMNERABE  AHLLEERNTRLE T A
XF U AR A B B
2.3 BRBELETHHEEANEGRREGERERSE
HEBETANMAFBBRESEBETHAEE I EME, AXMNAL 27CEHFTHER IEGRBEMR T, P R =9.567, T=
44.89, r,=0.05,A=1.052,3X FHE 27 CF “LiE WA BT FHZ B L 1. 052 0 E R AWE LTS B K, 1 A4k
MR 14.89d ELEREB) 9. 567 NMEK, BT K # K 0. 05,
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FRELHETHBELAARSENES, EEHEEN 27-30CHERAN . EETRLEBEENAS, ALY EIBRESREDS
3B3CLLER, MENGERERIMNARER) CHOHHEBRFEME, MEAHBTOER; HE3 40CH , AEZRIERHERT.
X — IR, HREESEBE T 33CH X _/AEMFAMMMAFIEA.

RS ARARERGFT_H{EMBNNEEREGR
Table 5 Age special life table of RSB population at different temperature

BEEEBE The maximum temperature('C)

M H Item
27 30 33 36 40
2 44 IR ¥ Initial eggs 100 100 100 100 —
FT-%0 Number of died egg 4. 77 6. 12 7. 44 14. 89 —
FET- % Egg mortality (%5) 4. 77 6. 12 7. 44 14. 89 —
41 ¥, Larvae number 95.23 93. 88 92. 56 85.11 100
e T- % Number of died larvae 66. 38 67. 61 67. 94 73. 96 94. 5
FCT-# Larvae mortality (%) 69. 7 72.02 73. 4 86. 9 94. 5
1§ % Pupae number 28. 8 ba 26.2 7a 24.62 a 11.15b 5.5
Fe.T- % Number of died pupae 7. 66 12.19 11. 48 4. 15 1.6
.73 Pupae mortality (%) 26. 55 46. 4 46. 63 37. 22 29.1
P E Emerged adults 21.19 a 14. 08a 13.14 a 7b 3.9
8k % Number female adult 8. 45 6. 87 7.59 3. 05 0.3
M T B ¥ Average eggs per female 118. 9 ab 148.7 a 112. 3 ab 70.5 b —
4L A 15 3 Generation survival rate( %) 21.19 a 14.08 a ~ 13.14 a 7b 3.9
b B #5 245 B Population trend index 10. 98 10. 22 8.52 2.17 —

« FRIFEIE 100 R LERIHITE R 100 HWESHE, UETEENRE — KB 40CHBAEN, R ER, S Lish B 4HE 100 45 H
MM BARA 2 B, &M R W% i+ The initial eggs, 100, is theoretic number which the real number is converted into for comparing

uniformedly ; The 100 under 40°C is presented as larvae,and there 1s no egg number in statistics for few female adults appeared

6 THREFGHT-HAERRMENEHERE (mg)
Table 6 The mean weight of RSB pupae at different temperature (mg)

8 Temperature( C)

I H Item
27 30 33 36 40
#E Female 49. 431+4. 26(30)a 51.871+1.72(30)a 51.9345.72(20)a 47.61+1.51(24)a —
I Male 38.40+1.91(42)a 38.2112.42(30)a 37.23+1. 80(28)a 37.53+3.11(29)a
7T E2ICHEHFT,ZHEMBOERNESGR RS AEAREFAT-UEIBRHBNEGRBR
Table 7 Time special life table of RSB at 27C Table 8 The life table parameters of RSB population at different
I Age fFim & - 34 7 Lo el temperature
(d) () Survival [, Fertility m; B (C)
0 1. 000 y 3% | Temperature R, r r A !
Immature stage C27 7. 687 42. 06 0. 049 1. 05 9.1
43 0.168 0 C30 16.076  40.97 0. 068 1. 07 16. 35
44 0.168 17. 68 2. 917 130. 694 F27 9. 567 44. 89 0. 05 1. 052 9. 98
45 0.168 30. 15 5. 065 227. 94 F30 9.521 49. 98 0. 045 1. 046 10. 22
46 0.144 7.97 1.148 52. 795 F33 6. 899 51. 25 0. 038 1. 038 8.52
47 0. 096 4 0. 384 18. 048 F36 1. 94 51. 46 0. 013 1. 013 2.17
48 0. 000 0 _ _ ,.
& it Total R,=9.567  429.477 * C ER.F ORI C27 RRER 27 CAETHSH
C means constant temperature and F is fluctuant temperature.
3 iig

BIRXN ERNEZPARAEILNTEH, WSHEFHET AR EEE T, EHNRBEBESE. EFEHEEREMINATIE
FR) — Fob A 3848 4 e WK PR R PHERE?, ERH TR RAABETRAENERETER . HiBERP
EhEEREEKELEE, NEE Seo ZHH ., WEHE KM Heliothis virescens T 26~ 41 CH BB EZHETo 4 EE F @Y,
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