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Effects of temperature on the development and reproduction of spotted borer
Chilo sacchariphagus (Lepidoptera: Pyralidae)

Wei Jili Pan Xuehong" Huang Chenghua Shang Xiankun Lin Shanhai

(Guangxi Key Laboratory of Sugarcane Genetic Improvement, Sugarcane Research Institute, Guangxi Academy of

Agricultural Sciences, Nanning 530007, China)

Abstract: In order to determine the effects of temperature on the development and reproduction of spot-
ted borer Chilo sacchariphagus, the durations of different developmental stages and reproductive capaci-
ty of C. sacchariphagus were measured at 20, 23, 26, 29 and 32°C. The results showed that the average
durations of various developmental stages of C. sacchariphagus shortened along with increasing tempera-
ture from 20 to 32°C. The durations to complete one lifecycle were 83.30 d at 20°C, and 35.56 d at 32C
for C. sacchariphagus. The developmental rate of each developmental state was positively correlated
with the temperature, which was consistent with the Logistic regression model. The developmental
threshold temperatures for egg stage, larval stage, pupal stage, preoviposition stage and the whole genera-
tion were 15.87, 9.90, 13.67, 10.79 and 11.27°C,, respectively. The effective accumulated temperatures
were 69.49, 490.99, 142.95, 26.72 and 717.68 d-°C, respectively. The adult longevity shortened with in-
creasing temperature, and the highest oviposition per moth (136.37 eggs) was observed at 26 °C. The high-
est survival rates of eggs and pupae at 26°C were 94.71% and 93.55%, respectively, and the highest sur-
vival rate of the larva was 47.73% at 29°C, and that of the whole generation was 42.08% at 26°C. The re-
sults indicated that temperature was the key factor affecting the development and reproduction of C. sac-

chariphagus, and the optimum temperature for development and reproduction ranged from 26 °C to 29°C.
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N =P TR A DX FEE A 20 A T RS (LA
WA VL E SRR, R ARIERR S H RS, i nT
RE R ERSEEY, B DLy dua H R A
JEZENT A WA 3, 13 52 0 O O i AR IS
52 OGRS (BE R ) BOE F5, XH 7E A  o AOb
GYFEMAAR I, B A0 3 ] DA 325 1 H K 28 B %
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Table 1 Meteorological data released by Guangxi meteorological station in 2017

1> Month 1 2 3 4

5 6 7 8 9 10 11 12

HHEREE (°C) 14.2 14.4 16.2 21.6
Daily mean temperature
T (d-°C)
Accumulated temperature

440.2 4032 5022  648.0

246 23.0 274 277 276 227 17.6 13.0

762.6 690.0 849.4 858.7 828.0 703.7 528.0 403.0

13 BB
IR HCE R DPS 145 AT SE 007

Duncan [ #7& H 2 ilb {10 53 WA HE R .

2 HZRE7H

2.1 BEMNHESFERHSL B HEMEE
TE20~-32°CYE BN, i E S REN AT

Z AR B AR (R 2) , BB E IR i TR, &
BB EARTRIREE ST B B
AR, Hr g S R e AR 2 B T WA
F2E5,20°CTF, BT ORI 2 T E R AL
FL23~32C R BRI T F 2 R, 1
20°CEMFT , H IR AR08 58 1 1 AN AR 2 & T
83.30 d, IMI#E 32°C 44~ K7 35.56 do E Al —kLE
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Table 2 Developmental durations of different stages and generations of Chilo sacchariphagus at different temperatures d
;B BBt Developmental stage 20°C 23°C 26°C 29°C 32°C
YU Egg 15.32+0.08 a 11.36+£0.07b  6.21+0.05 ¢ 5.12+0.03 d 4.55+0.02 ¢
% Larva 48.39+0.46 a 36.42+0.69b 30.85+1.22c¢  26.61+0.63d 21.79+0.33 ¢
1§10 Pupa 18.3940.19 a 13.05£0.16 b  10.35+0.09 ¢ 9.18+0.22 d 8.03+0.17 ¢
i H = B A Y Preoviposition stage 3.25+0.37 a 2.00£0.15b  1.60+0.14 b 1.45+0.14 b 1.3840.13 b
41t Whole generation 83.30+0.94 a 61.81£0.93b 47.86+0.56 ¢ 39.33+0.62d  35.56+£0.55¢

FPEHE VB AREDR . [RAT RS 5 AN R 7 B3R5 28 Duncan BT % 22 K B0 7E P<0.05 7K 22 573 i % . Data are

mean+SE. Different letters in the same row indicate significant difference at P<0.05 level by Dunca’s new multiple range test.

22 BHSRMREFERRSEENXR

WIS GRS T H AR BUS A R
SR ALk 105 — v 81 AN Logistic 215 1530
BEAY (R 3), b PEAS I 45 R W, 7 3 (a1 S A5 A5
HH T AR HUS I R B R SR O R IR E
i 7KV (P<0.05) 5 Hr B 2 ] 5 Fi Logistic [|] 5
BEAL R AR A RS Y & T R SR R A 22 5

PR FIH 52K (P<0.01) . MR P s 2
BR R F , Logistic 0] 9L 7 i P i R 5 i /N
0.98, 17 24 [m] Y= A5 Y | e o R 80/ R 0.91
I, 7 20~32°C {5 B N, Logistic #5 5Y by 28 74 [ )7 45
TRUI R [ =R Y B A o e A DR 5 H A
RBEBRBZMMLR,

R3 HEFESASATERSEENHNESR

Table 3 Prediction models for predicting developmental rates of Chilo sacchariphagus at different temperatures

REWE 2P 113 Linear regression TYK[A1J Quadratic regression  Logistic [7J Logistic regression
Developmental stage 47 Model K56 Test FRHS Model K56 Test HEH Model K36 Test
bl Egg v=0.014¢-0.215 R*=0.96 v=—-0.000 37+ R*=0.97 — 0.239 R*=0.98
F=79.66  0.027-0.401 F=31.00 L+ emonmeme F=200.63
P<0.01 P=0.03 P<0.01
i Larva v=0.002¢-0.020 R*=0.99 v=0.000 037+ R*=0.99 — 0.549 R*=0.98
F=338.69  0.0017-0.003 F-147.18 L+ et F=221.70
P<0.01 P=0.01 P<0.01
I Pupa v=0.007¢-0.094 R*=0.99 v=0.000 037+ R*=0.99 0.139 R*=0.99
F=286.99  0.001¢-0.003 F=497.05 L+ 7078 F=1070.79
P<0.01 P=0.02 P<0.01
Ji H 7 BRI v=0.034¢-0.317  R>=0.91 v=—0.0037+ R*=0.99 _ 0742 R*=0.99
Preoviposition stage F=30.61 0.189¢-2.281 F=244224 I+ et F=788.54
P<0.01 P<0.01 P<0.01
EligAv v=0.0017-0.015 R*=0.99 v=—0.000 027+  R*>=0.99 _ 0035 R*=0.99
Whole generation F=404.47 0.0037-0.032 F=299.51 L etmom F=1876.42
P<0.01 P<0.01 P<0.01

23 HEFRENLZFEARESHIRE

TEAN [R)JLE A B R ) 37 AR IR, 3SR O
5 A R A AR A AR AL (C) AR (KO
FIBREZE (S AN S, ) B k7 P il =X, 45 R B , B
S0 SRS A R BRI A A AR R R

SRR 4 oM 15.87.9.90.13.67.10.79 F111.27°C ,
A R BE 2 B R 69.49 490.99 142,95, 26.72 Al
717.68 d-°C, Hirr DA% U Y e 0 I e (IR, A
ARORIR e e 5 B9 A R T R IR e 5 7 B TR
AR AR (£ 4) .
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Fig. 4 Developmental threshold temperature and effective accumulated temperature in each stage of Chilo sacchariphagus

REE AR (°C)

AR (d-°C)

A= puiR URitiE HXABR

KE B Developmental Effective accumulated ]
Model of developmental  Correlation
Developmental stage threshold temperature temperature . )
duration coefficient
C Se K Sy
i Egg 15.87 1.23 69.49 7.79 _ 69.489+7.786 0.96
t —(15.865 + 1.228)
#JH Larva 9.90 0.91 490.99 26.68 . 490.985 £ 26.679 0.99
t —(9.895+0.905)
14 Pupa 13.67 0.77 142.95 8.41 _ 142,945+ 8.413 0.99
t —(13.665 + 0.767)
FEHP T 10.79 2.85 26.72 4.83 j—_ 20721+ 4.830 0.91
Preoviposition stage t —(10.788 £ 2.845)
ENIiKAe 11.27 0.95 717.68 35.69 _ 717.681 + 35.685 0.99

Whole generation

¢ - (11.269 +0.952)

MR PUR G G 2017 45 KA G 5k iR
(F 1), PaH X P3R5 5 T H AR 4 it
& BRI 11.27°C, N8 H A 4E A0 A 350
N7 617.00 d-°C, &4F A SRR 365 d, HHE
SRR A AR I A RO K 3 503.45 d-°C, 4F & AR AR
Hok 4.88 X, BIL, HBREARIEAE ) VUl X 4 4Fm] & A=
4.881%.
2.4 BREMNHEFKIESRSFEIRNZMN

VL X H T SR MR A HUS A7 8 T
T 3k R B AR AN A H R AR IR A7 . (IR

H 56.59% , 7E 26 “C T 1Y B 471 R i ey 94.71% , 4%
T UATE R 225 g 4 UmAATE ER
L HAE47.73% LI, 26°CH129°CF fie s, 4351k
47.50% F147.73% , W& Z R L& 25  H5HE
VR [B) 25 5 0 . W 0 AR SR TE 26°C i, N
93.55%, S H R EA MR B E . Nt
FEIG R, 26 C I f (554 42.08% , HR 2 29°C Y
}38.719% ,26°C Fl1 29 °C &b F 2 [A) o A b & 25 5 (&
5) . 2B H R 4% 0 O G A 26°C B A7 T R IR 5
oy 1 K A AR Y il TRV L 26~29C L iR %

it B A A7 T R A, 76 20°C I DA TG R de (. o e md RN R T H AR R A A7 0
R5 FRBETHESESMESHEETER

Table 5 Survival rates of Chilo sacchariphagus at different temperatures %

% B KB Development stage 20°C 23°C 26°C 29°C 32°C
I Eeg 56.59£0.84 ¢  70.49£0.93d  94.71£0.58a  92.06=0.80b  84.00£0.89 ¢
44 Larva 22.67£2.52¢  41.60£121b  47.50£1.00a 47.73£1.58a  24.78+1.92 ¢
I Pupa 66.67£1.58d  88.10£0.66b  93.55£0.58a  88.10£0.55b  79.52+£1.98 ¢
4148 Whole generation 6.84+124c  2325£2.81b  42.08+2.00a 38.71+2.84a  16.55+2.79b

TP BB R AR R . AT EE 5 AN 7-BE3RR 48 Duncan G2 M 22 15K 56 7 P<0.05 /K V- 22 5+ 2 % . Data are

mean+SE. Different letters in the same row indicate significant difference at P<0.05 level by Dunca’s new multiple range test.

2.5 RENHELKIER REMFINEM T

R AR A e o, L 1 o i I 1) T £ 17T
b, HAFAE 22 S B3 . 76 20°C T, Ml i pl o i) 37 4
T, 200 8.70 d F16.44 d, IR T2 32 °CHt,
W 1l )Y 8 A B B, O 4.58 d 392 d
Bk 26°C AN H A% 5 B 0 1l o 1)1 34 A i 24 Ll
K, HAEBAR IR 20°CTF , ME At S X A5
LUHE R A 2.26 do PAME A B H i 1) 3 L
B, FE 20°CHME e B HR 1) F5 i fe K T 25 %1 13.00 d
F119.00 d(6) .

YR (e S = 7 e L e I S
TR T R O, A 26°C T B B e e
J136.37 %%, HUKSE29°C , Ky 114.00 %7 520 °CF1 32C
T BAE R R A, (H 5 23 .26 A1 29°C AL B 2% F R
T35 B ESIEAE 20°C 1 23 C 44 A Z01,
TR 2% e 7 B R e A AN 1.00 d £5 3, B KT ik
7.00 do HREASHE BEUBE = B i A S 7 2 26°CTF
PO IR AR OR, 7E 17.00~437.00 ki 22 0] (F66) . 5
BHH R AR ok A R AR ) R T S LR 26~
29°C.,
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Table 6 Effects of temperature on adult longevity and fecundity of Chilo sacchariphagus
WERG R A (d) HERL R i (d) FLHfEF B
i (C) Female adult longevity Male adult longevity Number of eggs laid per female
Temperature “P-Epfabrifiie  Jufl  CFEBebsER R FEEERRER Elene| FIREEE (d)
Mean+SE Range Mean+SE Range Mean+SE Range Duration
20 8.70+0.70a  5.00-13.00  6.44+0.50a  4.00-9.00 48.77+£53.52 ab  0.00-288.00 3.00-6.00
23 7.38+0.45a  5.00-10.00 6.45+0.55a  3.00-9.00 101.84+19.62a  0.00-255.00 2.00-7.00
26 5.10£0.36 b 2.00-8.00 5.20+£0.36ab 2.00-8.00 136.37+18.23a 17.00-437.00 1.00-7.00
29 5.06£0.27b  3.00-7.00 4.07+0.62b  2.00-8.00  114.00+16.71a 12.00-267.00 1.00-5.00
32 4.58+0.29b  3.00-9.00 3.92+0.53b  2.00-9.00 70.00£65.50 ab 10.00-163.00 1.00-3.00

FP A R B . [RIFNEAE 5 AN R 78378 28 Duncan [GGBE MK 22 K6 30 7F P<0.05 7KF-22 5 8.3 . Data are

mean+SE. Different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
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TR B E A, BESRAVEREERERH
FBIF 5% 1 X B R R R R s e (B A
2011) , A RS A A L He 52 Al 1A AR B
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BLRRARYE . ARG VIR G 2017 AR R AR
SR VTR H AR P A ] KA 4.884K,
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THE AR AR A7 SR BAIC, F2 B2 R PR 4l R ) A3
RIAR, FE29C KM T 4 P ¥ 2 R s
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B8] F SR A5 A S PR B0 0T BE A7 7E — 22 IO IR 22,1710
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AW JBE SR FRELERRWEmEA
Rt — 0195 . 4, g4 mIa SPGB, nl 7 |
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