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Abstract Temperature and diet are two important factors affecting the development of stored-product pests. The
survival rates and developmental durations of immature stage (egg. larva, and pupa) of Cryptolestes ferrugineus
(Stephens) fed on whole wheat flour, corn flour and brown rice flour were examined at 24, 28°C and 32°C. The
results showed that the survival rate of larva and total immature stage significantly increased, and the
developmental duration of egg, larva, pupa, and total immature stage of C. ferrugineus significantly shortened in
the experimental temperature range. At 32°C ., the total developmental duration of the immature stage in the
whole wheat flour was the shortest (34. 2 d), and the survival rate was the highest (60. 9%). Then, the
developmental threshold temperature and effective accumulative temperature for each developmental stages were
calculated by least squares method. There were no significant differences in the developmental threshold

temperature of egg, larva, pupa and the total immature stage in different cereals, but the effective accumulated
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temperature of the larval stage was significantly varied; the developmental threshold temperature and degree-day

accumulation were different in different grains for total immature stage: (17.4+0.3)C and (773.4+0. 1)
degree-days in whole wheat flour; (16.941.6)C and (888.04125.2) degree-days in corn flour; and (16. 4+
0.7)C and (1 009. 3+ 61.9) degree-days in brown rice flour, respectively. Finally, the development rate

prediction models were established according to the development rate of each stage in three kinds of grains at

different temperatures. The results provide a scientific basis for the short-term accurate prediction of the

occurrence of the rusty grain beetle in different grain storage bins.
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Table 1 Survival rates of Cryptolestes ferrugineus at different temperatures fed on different grains

%2 /%  Survival rate

- P
L i B ik b AR TR B2
perature ramn .

Egg Larva Pupa Total immature stage

24 BEK A (95.041. 2)aB (47.0£2.0)bC (77.3%1. 9)aB (34, 740. 8)cC

KA (97.340. 9)aA (47.741. 3)bC (83.0%1.5)aA (38.24+1. 2)bC

&N (96. 30. 3)aA (54. 0+0. 6)aC (80. 74=3. 0)aB (41. 841. 2)aC

28 B KA (96. 34-0. 7)aAB (57.7%1.5)bB (76.0=%=1. 0)bB (42.241. 2)cB

Tk (98.0£1. 0)aA (59.340. 9)bB (83.740. 3)aA (48.941. 2)bB

LE (98.740. 9aA (66.7-£0. 9)aB (83.340. aAB (54.740. 8)aB

32 B A (98.340. DaA (65. 7£0. 9 bA (83.7-£0. 3)bA (53.820. 9cA

FKA (98.340. aA (69. 340, TaA (84. 340. 3)bA (57. 340. 8)bA

B 3 (99. 340. 3)aA (70.00. 6)aA (88.0E1. DaA (60. 9£E1. DaA

D) FeR B R - AR . AR RER B W BERAATE R B0 G I AT R A TR . R IRI/ING SRR S S 43 ) 6 7R A R R
JE AN R4 1) A0 [R] 238 90 R AR T L8 1) 47305 36 22 57 8. 3% (Bonferroni, P<0. 05).,

The data presented in the table are mean4-SE. The survival rate of the total immature stage is the product of the survival rates of eggs,

larvae, and pupae. Different lowercase and capital letters indicate significant differences of survival rate among different grains at the same

temperature and among different temperatures in the same grain, respectively (Bonferroni, P<C0. 05).
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a: Egg; b: Larva; c: Pupa; d: Total immature stage. The data presented in the chart are mean + SE. Different lowercase and capital letters indicate
significant differences of developmental durations among different grains at the same temperature and among different temperatures in the same grain,

respectively (Bonferroni, P<0.05).
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Fig. 1 Developmental durations of the immature stage of Cryptolestes ferrugineus in different grains at different temperatures
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Table 2 Developmental threshold temperature and effective accumulative temperature of Cryptolestes ferrugineus at immature stages

KA b a0 RE R RIRE/T ARBR/H - B
Developmental stage Grain Developmental threshold temperature Effective accumulative temperature
bl Egg K 16.8+1.4 62.8+7.3

FAH 17.0+1. 4 60.5+7.3
7Ky 18.441.3 47.3%5. 8
4l Larva HEA K 17.0+0. 8 377.9+£27.1
B N i) 17. 440. 2 330.3£0. 3
IRy 18.040. 3 283.7£0.4
i Pupa ReA Ky 12.1+1.1 199. 012 9
FoKKY 14.5%1.6 159.5417.9
Ry 14.2+1.8 159. 1£19. 8
BA IR KK T B B BEK A 16. 40. 7 1009. 3+61. 9
Total immature stage FRH 16.9+1.6 888.0+125.2
Eor ) 17.440. 3 773.4+0. 1
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Table 3 Mathematical model parameters describing the relationships between developmental rate of Cryptolestes ferrugineus

at immature stages and temperature in different grains

RIERR

Linear model

ay RFHEE :
259 5 24 8 o2 Z g (R2
Grain Developmental stage BRZH A BRSHD . ?}{N_,%@I(R )_ .
Model parameter a Model parameter b Coefficient of determination
R Ky 5 —0.015 0. 228 0.913*
Brown rice flour i 0. 042 0. 003 0.965*
i —0.057 0. 005 0.972~
AR T B —0. 016 0. 001 0.974*
EAKy i —0.238 0. 015 0.908*
Corn flour i —0. 050 0. 003 0.964*
i —0.076 0. 006 0.915~
EARRE T B —0.018 0. 001 0.971*
Ex ) 51 —0. 326 0. 019 0.893*
Whole wheat flour 4h i —0. 058 0. 003 0.948*
L —0.070 0. 006 0.891*
EANRBE T B —0. 021 0. 001 0.953*

D) “x "RG0 F NG BRI S RO 2 5 8 2 K (P<<0. 05),

“ % ” indicates a significant fitting effect of the linear model by F-test (P<C0. 05).
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