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Effects of Temperature on the Life History of Indian Meal Moth
(Pyralidae: Lepidoptera) on Brown Rice

LAt - FEY
Ja Hyun Na and Mun Il Ryoo!

Abstract - Development and life table statistics of indian meal moth (Plodia interpunctella, Hiibner)
on brown rice (Sativa oryzae L., var ‘llpum’ ) were tested under five different temperatures (17, 20, 25,
28 and 32£0.5°C). The developmental response of females to the temperature was not significantly
different from that of males. In the tested temperature range, developmental period and life span of adult
moth decreased as the temperature increased and ranged from 149.9+30.4 to 38.1+5.6 days and from
19.4+5.1 t0 6.9%+2.0 days at 17°C and 32°C, respectively. Emergence rate increased with the increase
of temperature and ranged from 13.0£6.2% at 17°C to 49.2+25.9% at 32°C. However, hatching rate
curve in relation to the temperature was dome shape with the peak of 73.8 £5.3% at 25°C, suggesting that
hatching is inhibited by high temperature above that temperature. As the temperature increased, females
concentrated their oviposition on the second day after emergence. In the temperature range of 17 SIM 25
°C, the number of eggs laid per female were not related to the temperature and ranged from 133.4+37.6
to 154.3+57.4. But the number of eggs laid per female decreased at 32°C which suggests close
relationship with hatching ability. The net reproduction rate was highest at 28°C and followed by those at
25°C and 20°C. However intrinsic rate of natural increase of the moth population on brown rice was
estimated to be highest at 32°C (0.065 per day), probably due to the short developmental period, high
emergence rate and the concentrated oviposition of females on earlier days of the emergence.
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ii FE3pHA ’ﬂ G, Zzobal e} Y 5 100 o
Fro] AAAE 7?‘611?43 Fo 3 Fol (¥, 1983).
°l vk -n—%°l ARAEE Heozy kel T4
g o] LO}QE}(Tzanakakl, 1959; Williams, 1964),
Azg pulsted ALEe Aahm, NS b 4
S 29471 F AEY AA mEE ol 1
Hog AEXAAA gy AlE FadA v}
Hoigkx o] &5 93 A, e @ =A< ezl of
g AL iAo FolH g (for review, see
Subramanyam and Hagstrum, 1995).
staanple o3 (21bt) TFoE ARk
My | 3~43] st $3hak oS 187, 53]
—ri}—r 2~3Y 7holl ZA 150~20070¢] ¢& @iz ¢
=} (Lum and Flakerty, 1969; Mullen and Arbogast,
1977, Silkacek and Miller 1972; Tzanakakis, 1959). ¥-3}
% §32 Wolg ol B A=F Bu|se] o
g B Bew o A% $E AT P48 B
o 2Ae BER 2 Gol) WAL ek e S
35 A H2ES s 7S fUdY A3 S
sl =7 9] ARV E A 57 —r]ﬁﬁ/‘i #H =z
2g HEy)sle= Aoz oA ¢o} (Kuwahara ef al.,
1971; McLaughlin, 1982). A&, stdA G H E), 1Y =
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1991; Williams 1964) 7]3]4 Fw2 s}l= Aoz o4y
A ok gt g3 B3t A A3 4
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(Mbata and Osuji, 1983). ¥-3} A5 [5°C Lo
2 (Bell, 1975; Na and Ryoo, unpublished), §-%2] 2%
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Hap yrolx]= ®<4&5E ¥ ]It} (Abdel-Rahman et al.,

1968).
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W A A8 S 02 22 e
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Johnson, 1987).
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WA 2d 27142 Lotka-Volterad] ©h-g& WA 2
(Pielou, 1969)ellA FH$x FA (maximum likeli-
hood method)sl] ¢]# 3% BASIC PROGRAM (Ryoo, u|wt
)% o gkl 2R

,rg() erm =1,
A7) A r= WHAAFTHE, L=x3 8] AEE,
m.=x2dl| M2 EALE, 1831 x= EAAF U7 o
A w 2A 8, & 37 A7) 7 (Generation time, T,
A X} 2714 (Finite rate of increas, A) ¥ 4Z7}8 (Net
reproduction rate, R,)& 7tz t}& H}AAlS o] 88}
24% 900

T=%xla,/ Zlm,, 1=exp(r), R,=X lin,

2 Age] v E ABEL BARAY, p-EY 59 &
A4 wpgoz BAE9on (PROC GLM: SAS
Institute, 1988), Al 252 H Qo ape} FA4 Aol log(x)
w: arcsin Vx 2 W 3ksled BAME Q. 7 7 v)we
LSD 7 Aol upghet.
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o] LxxZel WAFTE UAIFA T (F=15190.62; df =
4, 4114; P=0.0001). Burges (1964)= }2& 2% F 7]
M sEt3vabel oF 7izke] oA o]7le] &Y
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o M2 Afolz Mue] 7h5d 4 U WSl 7] #
Folet.

el WEE 1335°C) sl hsa 2
shge £xrh Asdel @el gobdv: A
(Burges, 1956; Mathlein, 1961) -2 2 A)]3o)|A] REX
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Rez Balnk §32] Wee] FARE 2yl
= ol B3} A E Reo|x At wist A
7o) Qo= Wed How 47ac

sfe el 93482 AY x WM L= 4
2o whe} oA A 17°CollA] 13.04+6.18%EF, 32°Col|
Al 49.19+£25.90% 5 xejtt 2=} 25°C ¢]s}, 28°C
T3 32°C 271 Zhell $-3-& 7 A}olE Helgy A}
AL (F=12.72;df =4, 169; P {0.0001) -2 ¢] 3}
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Table 1. Egg period, total developmental period, hatching rate and emergence rate of the Plodia interpunctella on brown rice

(mean % SD) at the different temperatures

Developmental period (days)

Temp. Egg period Hatching Emergence
“C) (days) Female Male Overall rate (%) (%)
17 694+143a 156.09+30.74a 144.10+29.28a 14994+3041a 365*+174a 13.04+6.18a
20 585+123b 6246+796b  62541+761b 62.25+840b 487+11.2a 15.89+5.40a
25 3A1x171c¢ 5470897 ¢ 53.00+£8.35¢ 53.18+7.84c¢ 73.8+9.4b 21.15£13.20a
28 322+158¢ 48.67+6.11d  4550%6.14d 46.40+6.20d 73.0+53b 22.64+11.85b
32 1.884+0.97d 37.23+£548e 39.13£5.57e 38.09+555e 473£36a 49.19+25.90c

The values followed by the same letter within a column are not significantly different at P=0.05 based on LSD. Data for hatching and emergence
rate were transformed to arcsin root (X) prior to analysis, but origenal data were presented.
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Fig. 1. Sequential change in the number of eggs laid per
female Plodia interpunctella on brown rice at five con-stant
temperatures (-v-: 32°C, -o-: 28°C, -0-: 25°C, -a-: 20°C,
-e-:17°C)
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Fig. 2. Survival rate curves of the Plodia interpunctella on
brown rice at five constant temperatures (-v-: 32°C, -o-:
28°C, -0-:25°C, -a-: 20°C, -e-: 17°C)
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A L7} =5k (Lum, 1983) ALE w2jd # 32°C
t H5%E 718 ¥ £xUE BT Aoz 4
Zeeh oA e ke Ashe TdEed wed
8} (Ephestia kuhniella Z) A= B.aHe] glth
(Norris, 1933; Raichoudhurry, 1936).

22t YWHE EAZ ojxs JE

Lotka®} H}AA] (see Pielou, 1969)0. 2. 2345 A
2 AL Ade] AT YA &> AN
H ARREY Qe s AT FEE 57
8= 7l o]u} (Andrewartha & Birch, 1984), o] Eg)
A Az M NALE FelHd ThFA vHE B
Foe AAA 2 Aert e sk 7 2w
Ao} MPEEA e} 2AX= ¥ 37 2} s
o] WAAAZIHE (S 2271 A5l we o)
A 17°Co A9 0.01728E] 32°Col| A 2) 0.065¢] o
23 TFAAL AS AAs M 225 4
STl met MAZFTHE el FoAle AL YA
FA}ol} (e.g., Ryoo et al., 1986). 12jv} 3}at=tu)e)
7% 32°Ce Abgre] A 2AYe 1T 9, o

= URHHRl AR Aeld dAbeldth & 304 2l

Table 2. Adult life span and total number of eggs laid per
female of the P. interpunctella on brown rice (mean +SD)
at different temperature conditions

Life span in days

Temp. Number of eggs
o) Female Male laid per female
17 19.42+5.05a 20.331+4.84a 133.40+37.55a
20 13.68£3.65b 13.941+3.53b 151.86+83.01a
25 9.50+2.62c 10.03x3.05c 154.30+57.40a
28 9.10+£2.03c  9.50%x1.76c 140.70+36.35a
32 6.93+2.04d 7481+148d 69.80+20.17b

The values followed by the same letter within a column are not
significantly different at P = 0.05 based on LSD. Data were tran-
sformed to log (x) prior to analysis, but original data were presented.
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32 829 0.065 38.85 12.49 10.65 0.497
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