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Abstract

The development of the immature stages of Plodia interpunctella (HuÈ bner) in six dried vegetable
commodities was studied at ®ve temperatures ranging from 17 to 3220.58C. The rate of development
was not signi®cantly a�ected by diet at 178C but at the higher temperatures was fastest on green onion
and generally was slowest on onion. The rate of development increased with temperature on all diets.
Immature survival was highest on green onion, followed by green paak ts'oi and then carrot, pepper,
cabbage and onion. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

The Indian meal moth, Plodia interpunctella (HuÈ bner) is a cosmopolitan pest attacking a
wide range of stored products including dried vegetable commodities.
Recently, P. interpunctella caused serious losses both in quantity and quality of dried

vegetable commodities used as seasoning for instant noodles, a major product of the Korean
food industry.
Current stored product pest management has largely relied on the use of chemicals.
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However, chemical methods using fumigants or other insecticides are prohibited on vegetable
commodities because of consumer safety issues in Korea. The manufacturers must rely on
sanitation and physical methods for moth control and thus precise information on the biology
and ecology of the moth on dried vegetable commodities is critical.
Most studies on the development of P. interpunctella have been conducted on stored grains

(e.g. Johnson et al., 1992), fruits (Savov, 1973a) or their products (Hoppe, 1981). This species
attacks more than a hundred stored products of di�erent nutritional values and physical
properties and development is largely in¯uenced by the diet upon which it feeds during the
larval stage (e.g. LeCato, 1976). Therefore, it is likely that aspects of its development on dried
vegetable commodities could be di�erent from development on stored grains or their products
which, in turn, could result in di�erences in phenology and population dynamics. To examine
this, we studied development and emergence of P. interpunctella on six dried vegetable
commodities at di�erent temperature conditions.

2. Materials and methods

The dried vegetable commodities tested were commercially processed and obtained from a
warehouse of an instant food manufacturing company in Taegu, Korea. P. interpunctella was
collected from moth-infested vegetable commodities in Seoul, Korea and maintained on six
di�erent commodities in which the moth was collected at 2820.58C and 70±80% r.h. with a
photoperiod of 16:8 (L:D).
To estimate the development of P. interpunctella, ®ve pairs of one-day-old adults were

introduced into 100 mL beakers each containing 80 mL of dried vegetable commodity (green
onion, Allium ®stulosum L., carrot, Daucus carota L., cabbage, Brassica leacea L. var. capitata,
green paak ts'oi, Brassica campestris L. ssp. chinensis Jusl., onion, Allium cepa L., or pepper,
Capsicum annuum L.). They were allowed to lay eggs for 24 h at each of ®ve di�erent
temperature conditions (17, 20, 25, 28 and 3220.58C) with a photoperiod of 16:8 (L:D) and
70±80% r.h. There were four replications for each commodity and temperature. The numbers
of eggs in the treated beakers were recorded. The treated beakers were then held under the
same conditions until all the progeny had emerged. Every 24 h, emerged adults were recorded,
sexed and removed. Immature survival was estimated as the ratio of the number of progeny
emerged to the number of the eggs at the start. The e�ects of high larval density were avoided
by limiting egg density to less than 50 per beaker by removing excess eggs. Because the larvae
fed within food clumps produced by the larval webbing, disturbance was unavoidable when
dissecting the clumps. Individual instar periods were not estimated to avoid the possible errors
due to such disturbance.

3. Results and discussion

Developmental periods of females were not signi®cantly di�erent from those of males and,
thus, the in¯uence of the commodities was analysed on the pooled data.
Analysis of variance showed that the interaction between temperature and diet was
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signi®cant (F20,2644=25.67; P= 0.0001). However, for all diets the developmental period of P.
interpunctella decreased signi®cantly as the temperature increased (Table 1) and the result was
similar to that of Johnson et al. (1992). There were also signi®cant di�erences due to diets
(Table 1). Development was fastest on green onion at all temperatures (e208C) and was
generally slowest on onion.
Development of P. interpunctella is in¯uenced by physical, chemical and biochemical factors

of its food. The fast development on green onion might be due to the higher level of its fat
components (0.5%) than that of other commodities (0.2±0.3%). Soluble carbohydrates were
highest in the onion and carrot (7.2±7.6%), followed by green onion (5.6%), cabbage (4.7%)
and then green paak ts'oi (2.7%) and pepper (0.8%). The six fresh vegetable commodities
contain similar level of proteins (1.1±1.4%) (K.S. Lee, Taekyung Co., personal
communications). Mbata (1987) reported that losses associated with P. interpunctella
infestation increased with increasing free fatty acid values of groundnut varieties.
The softness of green onion could also be a property causing faster development than on the

other commodities. Some authors (e.g. LeCato, 1976; Mbata, 1987) reported that the physical
properties of diets could a�ect the moth's development.
The low threshold temperature for development estimated by a nonlinear model (Ryoo and

Cho, 1988) did not di�er signi®cantly among diets (based on 95% con®dence interval) and was
estimated to be 15.28C (Fig. 1). Savov (1973b) estimated the low threshold to be 13.58C,
whereas Johnson et al. (1992) reported it to be between 16.6±188C. Sedlacek et al. (1995)
considered it to be around 158C, which agrees well with the results of the present study. Some
authors consider that larvae enter diapause when the temperature is below 208C (Tzanakakis,
1959; Bell, 1976), but we did not observe diapausing larvae in this study even at 178C,
suggesting that at least some larvae could develop without diapause at low temperatures.
As the temperature increased, the immature survival increased, regardless of diet, from the

Table 1
E�ects of temperature and diet on the developmental period of Plodia interpunctella

Developmental period (days2SE)/No. of individuals recordeda

Temp (8C) Carrot Cabbage Green paak ts'oi Green onion Onion Pepper

17 175.3217.5a/22 179.724.7a/20 167.4212.6a/21 170.529.3a/33 166.8211.4a/25 176.228.2a/19

E E E E E E
20 75.829.4 d/41 83.829.6a/35 75.927.6c/102 65.725.2e/130 80.7211.7b/55 76.4215.3a/34

D D D D D D

25 51.328.4b/152 4822.7c/121 49.326.7c/197 38.823.8 d/204 54.126.0a/62 5024.7c/86
C C C C C C

28 44.524.6a/165 43.724.8a/139 42.825.3ab/147 36.224.4 d/136 43.724.8a/139 41.324.5b/118
B B B B B B

32 37.528.2bc/64 4025.8a/39 38.826.4ab/102 33.425.9 d/171 39.825.9a/19 36.225.8c/88
A A A A A A

a The values followed by the same lower case letter within a row and those above an upper case letter within a col-
umn are not signi®cantly di�erent (P> 0.05; LSD Test). Data were transformed using log(x ) prior to analysis, but
original data are presented.
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range of 10.6±20.6% at 178C to 39.2±65.6% at 328C (Table 2). Immature survival on green
onion was highest, followed by green paak ts'oi and then carrot, pepper, cabbage and onion
(F5,90=17.85; P = 0.0001), and this was negatively correlated with developmental period
(r=ÿ0.7347; P = 0.0001). It was also observed that at high temperatures the adults generally
emerged before signi®cant deterioration of the diet was visible. However, at the two lowest
temperatures, a signi®cant amount of webbing and deterioration of the diet was apparent
before most of the adults had emerged and this may have contributed to lower survival at
these temperatures.

Fig. 1. Developmental rate curves for Plodia interpunctella on di�erent diets in relation to temperature.

Table 2

E�ect of temperature and diet on the immature survival of Plodia interpunctella

Percentage adult emergence (%2SE)a

Temp (8C) Carrot Cabbage Green paak ts'oi Green onion Onion Pepper

17 11.7320.75c 10.6020.66c 12.8620.35b 20.5720.95a 10.4020.90c 12.1720.83c

D D D D D D
20 19.6728.57c 18.0221.25c 24.8925.29b 30.3128.76a 20.2624.36c 16.8227.11c

C C C C C C

25 30.00212.49c 35.3322.52c 50.18211.57b 54.8528.44a 31.83213.25c 25.4523.99c
B B B B B B

28 39.9428.89c 42.2428.59c 53.2424.75b 61.0627.60a 37.9728.51c 33.42211.75c
A A A A A A

32 41.06213.40c 45.8824.57c 56.3924.96b 65.6129.62a 40.61210.78c 39.2121.95c
A A A A A A

a The values followed by the same lower case letter within a row and those above an upper case letter within a col-
umn are not signi®cantly di�erent (P > 0.05; LSD Test). Data were transformed using arcsin root (x ) prior to
analysis, but original data are presented.
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The highest temperature recorded at the warehouses where the commodities were stored,
even at the peak summer season, was below 358C (J.H. Na, unpublished), the maximum
temperature for development of P. interpunctella (Johnson et al., 1992). Daily temperature was
maintained around the range of 28±338C indicating that temperature was optimal for the moth
population in summer. The present study showed that in summer, dried green onions in
storage promote rapid development of P. interpunctella in warehouses storing dried vegetable
commodities.
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