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Effects of irradiation of each of the five peach fruit moth 
(Lepidoptera: Carposinidae) instars on 5th instar weight, 
larval mortality and cumulative developmental time: A 
preliminary investigation
Baishu Li1, Meixu Gao2, Bo Liu1, Tianxu Li1, Yuejin Wang1,*, and Guoping Zhan1,*

Abstract

The peach fruit moth, Carposina sasakii Matsumura (Lepidoptera: Carposinidae), is a serious pest of many pome and stone fruits and presents a 
quarantine problem in some export markets. To investigate the effects of irradiation on larval weight, developmental time, and mortality, 3-, 6-, 9-, 
12-, and 15 d-old larvae—which were 1st, 2nd, 3rd, 4th and 5th instars, respectively—were reared within ‘Red Fuji’ apple (Malus domestica Borkh.; 
Rosales: Rosaceae) fruits, and gamma-irradiated at doses from 20 to 140 Gy in increments of 20 Gy. Irradiation had significant effects on larval weight, 
cumulative larval developmental time, and mortality. More specific findings were as follows. Body Weight. The mean body weight of late 5th instars 
that developed from the 4 preceding instars decreased significantly in a dose-dependent manner when larvae in any one of these preceding instars 
had been irradiated with gamma rays. Mean body weight reduction of late fifth instars was greatest when 3rd instars were irradiated. In contrast, 
when 5th instars were irradiated their mean body weight increased significantly. Cumulative Larval Development Time. The mean cumulative larval 
developmental times increased significantly in a dose-dependent manner in comparison to the controls when any one of the 5 instars was irradiated. 
Larval Mortality. Significant larval mortality occurred in the first 4 instars when any one of them had been irradiated, but none of the irradiated 5th 
instars died in the apple fruits, indicating that the 5th instar is the most radiotolerant larval stage. Additional Research. Further research is suggested 
to elucidate the mechanisms whereby the weights of 5th instars that developed from irradiated 3rd instars are substantially diminished. Also research 
is suggested to elucidate the mechanisms whereby the weights of irradiated 5th instars increase substantially after they have been irradiated.
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Resumen

La polilla del fruto del melocotón, Carposina sasakii Matsumura (Lepidoptera: Carposinidae), es una plaga seria de muchas frutas de pepita y de 
pomelos y representa un problema de cuarentena en algunos mercados de exportación. Para investigar los efectos de la irradiación sobre el peso de 
las larvas, el tiempo de desarrollo, y la mortalidad, larvas de 3, 6, 9, 12 y 15 horas de edad, las cuales fueron de 1º, 2º, 3º, 4º y 5º estadio, respecti-
vamente—fueron criadas en la fruta de manzana ‘Fuji’ (Malus domestica Borkh.: Rosales: Rosaceae) y gamma-irradiadas a los dosis de 20-140 Gy en 
incrementos de 20 Gy. La irradiación tuvo efectos significativos sobre el peso de las larvas, el tiempo total de desarrollo de las larvas y la mortalidad. 
Los hallazgos más específicos son los siguientes. Peso Corporal. El promedio del peso corporal de los 5º estadios mayores que se desarrollaron a partir 
de los 4 estadios anteriores disminuyó significativamente en una manera dependiente de la dosis cuando las larvas en cualquiera de estos estadios 
previos habían sidos irradiadas con rayos gamma. La reducción del peso corporal de los quinto estadios tardios fue mayor cuando se irradiaron los 
tercer estadios de larvas. En contraste, cuando se irradiaron los 5º estadios, su peso medio corporal aumentó significativamente. Tiempo total de 
desarrollo de larvas. El promedio del tiempo total de desarrollo de larvas aumentaron significativamente en una manera dependiente de la dosis en 
comparación con los controles cuando cualquiera de los 5 estadios fueron irradiados. Mortalidad de larvas. Mortalidad significativa de larvas sucedio 
en los primeros 4 estadios, cuando uno de ellos había sido irradiado, pero ninguna de las larvas del 5º estadio irradiadas murió en las manzanas, lo 
que indica que el 5º estadio es el estadio larval más radio-tolerante. Necesita investigación adicional. Se necesitan más investigaciones para dilucidar 
los mecanismos por los que el peso de larvas irradiadas del 5º estadio que se desarrollaron a partir de larvas del 3º estadio irradiado disminuyeron 
considerablemente. También se necesita investigación para dilucidar el mecanismo por el cual el peso de las larvas del 5º estadio se aumentó sus-
tancialmente después de que han sido irradiados.

Palabras Clave: polilla del melocotón; Carposina sasakii; irradiación; efecto de la radiación; peso; tiempo de desarrollo; mortalidad

The peach fruit moth, Carposina sasakii Matsumura (Lepidoptera: 
Carposinidae), is one of the most destructive borers of pome and stone 
fruits, including apple (Malus spp.; Rosales: Rosaceae), pear, peach, 
plum, apricot (all Prunus spp.; Rosales: Rosaceae), Chinese quince 

(Chaenomeles sinensis (Thouin) Koehne; Rosales: Rosaceae: Amyg-
daloideae), jujube also known Chinese date (Zizyphus jujuba Mill.; 
Rosales: Rhamnaceae), and hawthorn (Crataegus spp.; Rosales: Rosa-
ceae: Amygdaloideae) in China (Hunag & Wu 1975; EPPO 1997; Li et al. 
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2012a). It is widely distributed in pome fruit production areas in China, 
Japan, both Koreas, and the Far Eastern Federal District of Russia (Hua 
1992; EPPO 1997). Peach fruit moth is considered as an important 
plant quarantine pest, and its spread may be prevented by applying a 
phytosanitary treatment to the fruits before export.

Currently, methyl bromide fumigation is the only effective phytos-
anitary treatment of host fruits infested by C. sasakii, but fumigation 
leaves residues (Bell 2000; Li et al. 2012b). Irradiation is a promising 
phytosanitary treatment that is increasing in use worldwide. Advan-
tages over other treatments include tolerance by the vast majority of 
fresh commodities, ability to treat the commodity in its final packag-
ing in quantities as large as pallet loads, and lack of residues (Hallman 
2011). Use of radiation to prevent adult emergence and the minimum 
dose needed to provide quarantine security against C. sasakii eggs and 
against the stages within the fruit (instars 1–5) have been reported 
(Zhan et al. 2013, 2014a, 2014b; Ryu et al. 2015). Also the effect of ir-
radiation in preventing the hatch of F1 eggs laid by adults that emerged 
from irradiated pupae was investigated by Zhang & Wang (1983) and 
Zhan et al. (2014c). The aim of this research was to investigate the 
effects of gamma-irradiation of each of the 5 instars on the weights 
of 5th instars and the cumulative developmental time of instars 1–5, 
because relevant information is absent from the literature.

Materials and Methods

INSECT REARING

Carposina sasakii insects were allotted from the original culture 
that infested apples growing in Hebei Province, China and were reared 
as Liu et al. (2010) described. All instars of C. sasakii were reared in 
apples at 24–26 °C, 50-70% RH and 15:9 h L:D in the laboratory. Late 
5th instars that emerged from infested apples were weighed with a 
precision of ± 0.1 mg and transferred to moist pine sawdust for pupa-
tion and eclosion. Paired adults (10:12) were fed a 5% honey water 
solution through a wick. The females laid eggs on rough filter papers. 
Papers with adhering 5d-old eggs were wetted and stuck to the calyx 
end of “Red Fuji” apples and placed on a steel tray and sealed with 
a thin plastic sheet for 3 days. The neonates that hatched from the 
5d-old eggs penetrated into the apples where the subsequent instars 
developed until the late fifth instars emerged from the infested apples 
(Zhan et al. 2014b).

First, 2nd, 3rd, 4th and 5th instars were obtained for these experi-
ments by infesting 5d-old eggs on “Red Fuji” apples (15~20 eggs per 
apple) for 3, 6, 9, 12, and 15 d before irradiation, respectively. Equal 
numbers of eggs were used to infest each of the apples used to provide 
a given instar for the 3 replicates of a treatment.

IRRADIATION TREATMENT

Irradiator. Radiation treatments were conducted at the Research 
Irradiator in the Nuclear Institute of Tsinghua University, Beijing, China, 
with a 1.0 × 1015 Bq colbalt-60 source of gamma radiation. Dosimetry 
was done with the Fricke system according to ASTM E1026-13 (2002).

Radiation Treatment. Each of the 5 C. sasakii instars were irradiated 
within apples with a series of doses between 20 and 140 Gy, depending 
on the instar. Each treatment (dose) was replicated 3 times. For each 
test, 10 infested apples with the same instar were loaded into a plastic 
basket (9 × 25 × 30 cm). The baskets were placed at 100 cm around the 
cobalt-60 source, and irradiated with each target dose, as appropri-
ate. To obtain uniform exposure each basket was turned 180° at mid-
treatment. Fricke dosimeters were placed at the bottom, middle and 

top layer of the basket to monitor the absorbed doses. The measured 
dose rate was 2.0 Gy/min and the dose uniformity ratio was 1.18.

Rearing after Irradiation

All the irradiated and untreated apples infested with C. sasakii 
were placed in the rearing room. Each replicate was placed in a trans-
parent plastic box (33 × 20 × 23 cm). The late fifth instars that emerged 
from apples were collected and weighed each d until the apples had 
decomposed. These larvae were transferred to moist sawdust for pu-
pation and eclosion.

DATA ANALYSIS

For each treatment (dose) and the control, data on the number and 
mean weights of 5th instars that emerged from the apple fruits, and 
mean cumulative larval developmental times were subjected to one-
way analysis of variance (ANOVA). Means were separated by Tukey’s 
multiple comparison tests. To determine the effects of irradiation of 
each instar on subsequent larval development—i.e., mean cumulative 
larval developmental times and weights of 5th instars—the data were 
subjected to linear regression and analysis of covariance (ANCOVA) us-
ing the Tukey model (DPS Version13.5, Hangzhou RuiFeng Information 
Technology Co. Lt., Hangzhou, China).

Results

Radiation Effects on Body Weight

Body weights of C. sasakii late fifth instars decreased significantly in 
comparison to the respective controls when irradiation doses ranging 
from 40–100 Gy had been applied to 1st (F = 22.5; df = 5,12; P < 0.0001) 
and 2nd instars (F = 48.2; df = 5,12; P < 0.0001); when doses ranging 
from 60–100 Gy had been applied to 3rd instars (F = 34.4; df = 5,12; P 
< 0.0001); and when doses ranging from 60–120 Gy had been applied 
to 4th instars (F = 39.9; df = 5,12; P < 0.0001). In contrast, the opposite 
trend was observed with body weight change when 5th instars were ir-
radiated, i.e., body weight increased significantly with increasing doses 
between 100–140 Gy applied to 5th instars (F = 14.0; df = 6,14; P < 
0.0001) (Table 1). When 1st, 2nd, 3rd and 4th instars had been irradi-
ated with 80 Gy, the mean weights of the 5th instars were reduced by 
17.5%, 26.7%, 38.1%, and 29.3% respectively; and when these same 
instars had been irradiated with 100 Gy, the mean weights of the 5th 
instars were reduced by 25%, 29.3%, 52.5%, and 34.1%, respectively. 
The largest change in mean weight of the 5th instars (52.5% compared 
to control) took place after the 3rd instars had been irradiated with 
100 Gy, the highest dose used for this stage (Table 1). The results when 
analyzed by ANCOVA also showed the mean weights of 5th instars var-
ied according to which instar had been irradiated, and the irradiation 
dose and instar irradiated had a significant interaction (F = 90.2; df = 
4,83; P < 0.0001).

Linear regression—in which weight is the dependent variable des-
ignated by y and the dose of radiation is the independent variable 
designated by x—was used to test whether slopes (Δy/Δx) were sig-
nificantly different from 0 (significant effect of radiation dose). Slopes 
gradients—change in mean weight of the 5th instars per increment in 
dose of irradiation—were negative and significant for 1st, 2nd, 3rd, and 
4th instars. In contrast, the gradient was positive when the 5th instars 
were irradiated (Table 2), indicating that the response to radiation ef-
fects on body weight in the 5th instars of C. sasakii was contrary to the 
trends observed with respect to mean weight of the 5th instars when 
any of the 4 for preceding instars had been irradiated.
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Effect of Irradiating 1 Instar at a Time on Mean Cumulative 
Larval Developmental Time

In general, the mean cumulative larval developmental time of C. sa-
sakii irradiated during 1 of the 5 larval stadia was significantly greater 
than that of non-irradiated larvae. Mean cumulative larval developmen-
tal time significantly increased with increasing doses as seen when 40 
Gy was applied to 2nd instars (F = 28.3; df = 5,12; P < 0.0001), 3rd instars 
(F = 32.6; df = 5,12; P < 0.0001), and 4th instars (F = 9.6; df = 5,12; P = 
0.0007); and when 80 Gy was applied to 1st instars (F = 32.3; df = 5,12; P 

< 0.0001) and 5th instars (F = 7.0; df = 6,14; P = 0.0001), respectively (Ta-
ble 1). Mean cumulative larval developmental time analyzed by ANCOVA 
also showed that the duration of development increased with increasing 
dose; and that the radiation dose and instar had a significant interaction 
(F = 14.9; df = 4,83; P < 0.0001). Linear regression was used to analyze the 
relationship between mean cumulative larval developmental time and 
radiation dose applied to each instar, but only to 1 instar at a time. Re-
gression slopes were positive and significant for all instars (Table 3),  in-
dicating that the mean cumulative larval developmental time increased 
with increasing dose regardless of which instar was irradiated.

Table 1. Effects of irradiation of each Carposina sasakii instar on subsequent larval development, i.e., mean number of larvae that reached the 5th instar, mean 
weight of late 5th instars that exited from ‘Red Fuji’ apples and mean cumulative larval developmental time. Each treatment was replicated 3 times.

Stage Dose (Gy)
Mean no. of 5th instars that exited  
fruits and that remained in fruits

Mean weight (mg) of late 5th instars  
that exited the fruits

Mean cumulative  
larval developmental time (d)

L1 0 56.0 ± 3.6a 24.0 ± 5.5a 26.3 ± 3.2b
(3-d) 20 46.0 ± 4.4ab 23.0 ± 5.6a 26.3 ± 4.2b

40 40.7 ± 5.0ab 21.3 ± 5.2b 25.9 ± 4.0b
60 33.3 ± 5.1bc 20.5 ± 4.4bc 27.1 ± 4.0b
80 37.7 ± 6.7bc 19.8 ± 6.2cd 29.7 ± 3.5a

100 22.7 ± 8.7c 18.0 ± 4.3d 29.9 ± 3.8a

L2 0 44.3 ± 1.5a 23.2 ± 5.6a 26.4 ± 3.3c
(6-d) 20 31.7 ± 3.5ab 22.5 ± 4.8a 26.8 ± 4.5bc

40 41.0 ± 3.1a 20.1 ± 5.2b 27.5 ± 4.1bc
60 42.0 ± 5.3a 18.8 ± 4.4bc 28.8 ± 3.6a
80 22.0 ± 3.0bc 17.0 ± 4.0cd 31.3 ± 3.4a

100 12.7 ± 6.5c 16.4 ± 4.9d 32.7 ± 3.6a

L3 0 33.3 ± 4.6a 24.4 ± 5.2a 25.7 ± 3.3c
(9-d) 20 25.0 ± 1.7ab 22.5 ± 5.8a 27.6 ± 4.4bc

40 27.0 ± 12.1ab 21.0 ± 4.7ab 27.5 ± 4.1b
60 12.3 ± 9.5bc 17.2 ± 4.4bc 29.3 ± 3.3b
80 11.0 ± 1.0bc 15.1 ± 5.2cd 31.9 ± 4.5a

100   5.0 ± 1.0c 11.6 ± 3.5d 31.3 ± 3.2a

L4 0 46.3 ± 5.5a 24.6 ± 4.1a 23.2 ± 2.7c
(12-d) 40 43.0 ± 8.7ab 21.8 ± 3.3a 25.0 ± 3.0ab

60 40.0 ± 7.5ab 18.0 ± 4.1b 26.7 ± 3.5ab
80 34.3 ± 5.9ab 17.4 ± 4.6b 26.5 ± 3.6bc

100 26.3 ± 6.0bc 16.2 ± 4.9b 26.5 ± 3.9ab
120   9.0 ± 4.4c 16.1 ± 7.2b 28.0 ± 3.2a

L5 0 35.7 ± 8.1ab 22.1 ± 4.8d 22.2 ± 2.9c
(15-d) 40 35.3 ± 4.5ab 22.6 ± 4.1d 23.2 ± 3.0bc

60 34.0 ± 11.4ab 23.1 ± 5.1cd 23.7 ± 2.7abc
80 41.7 ± 5.5ab 23.7 ± 5.0bcd 24.2 ± 3.2ab

100 46.7 ± 4.7a 24.2 ± 5.4abc 24.5 ± 3.3ab
120 24.7 ± 6.8b 24.7 ± 6.4ab 24.9 ± 3.4ab
140 25.7 ± 5.5b 25.1 ± 6.0a 23.9 ± 3.8a

Within each larval stage, means followed by the same letter within a column are not significantly different (P > 0.05; Tukey’s multiple comparison test); L1: 1st instar. L2: 2nd instar, L3: 
3rd instar, L4: 4th instar and L5: 5th instar

Table 2. Linear regression analyses of the mean weights of late Carposina sa-
sakii 5th instar larvae with the irradiation doses when each of the instars was 
irradiated with doses ranging as widely as 20–140 Gy.

Stage Obs. y-intercept ± SE Slope ± SE R2 P value

L1 18 24.0 ± 0.31 −0.060 ± 0.0051 0.8953 < 0.0001
L2 18 23.5 ± 0.30 −0.077 ± 0.0058 0.9367 < 0.0001
L3 18 25.3 ± 0.62 −0.130 ± 0.0103 0.9088 < 0.0001
L4 18 23.6 ± 0.65 −0.071 ± 0.0084 0.8179 < 0.0001
L5 21 21.9 ± 0.20 0.023 ± 0.0022 0.8439 < 0.0001

L1: 1st instar. L2: 2nd instar, L3: 3rd instar, L4: 4th instar and L5: 5th instar

Table 3. Linear regression analyses of the mean cumulative larval developmen-
tal times of the 5 Carposina sasakii instars irradiated with doses ranging as 
widely as 20–140 Gy.

Stage Obs. y-intercept ± SE Slope ± SE R2 P value

L1 18 25.5 ± 0.44 0.041 ± 0.0076 0.6405 < 0.0001
L2 18 25.6 ± 0.41 0.065 ± 0.0067 0.8552 < 0.0001
L3 18 25.8 ± 0.42 0.060 ± 0.0070 0.8246 < 0.0001
L4 18 23.5 ± 0.33 0.037 ± 0.0043 0.8266 < 0.0001
L5 21 22.5 ± 0.31 0.016 ± 0.0034 0.8144 0.0002

L1: 1st instar. L2: 2nd instar, L3: 3rd instar, L4: 4th instar and L5: 5th instar
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Mortality and Radiotolerance of Fifth Instars

All late 5th instars of C. sasakii were counted, including those that 
exited out of the apples by themselves and those that remained in the 
fruits; the latter being collected by hand. Table 1 shows the sum of 
both categories of 5th instars. The mean number of late fifth instars 
was significantly lower after a dose of 60 Gy had been applied to 1st 
instars (F = 11.3; df = 5,12; P = 0.0003), after 80 Gy had been applied 
to 2nd instars (F = 22.2; df = 5,12; P < 0.0001), after 60 Gy had been 
applied to 3rd instars (F = 8.3; df = 5,12; P = 0.0013), and after 100 Gy 
had been applied to 4th instars (F = 13.5; df = 5,12; P = 0.0001), indi-
cating that irradiation induced larval mortality of either the irradiated 
or the subsequent instar(s). But when 5th instars were irradiated with 
doses ranging between 40–140 Gy, the number of survivors was not 
significantly less than in the non-irradiated control (F = 3.8; df = 6,14; P 
= 0.0181) (Table 1). This indicated that the 5th instars are more radio-
tolerant than the preceding instars.

Discussion

The effects of irradiation on actively developing larvae of an insect 
species depend on the irradiation dose and the instar or physiologi-
cal condition of the insect. If irradiation prolongs larval life, it often 
prevents pupation so that larvae eventually die without pupating (Til-
ton & Brower 1983). In this study involving C. sasakii, significant larval 
mortality following irradiation occurred in the early instars (1st, 2nd 
and 3rd) but no significant mortality of 5th instars was observed in 
comparison with their controls (Table 1). This agrees with the find-
ings of Zhan et al. (2014b) that tolerance to irradiation in C. sasakii 
increased with increasing age and developmental stage as judged by 
the efficacies of doses that drastically minimize the emergence of late 
fifth instars or adults.

Irradiation breaks chemical bonds in DNA and other molecules, 
thereby sublethal doses of radiation might prevent normal growth, de-
velopment or reproduction of the organism (Hallman 2003, 2004; Koo 
et al. 2011). Moreover, ionizing radiation breaks chromosomes, and 
the broken chromosome ends may fuse in new combinations to form 
dicentric chromosomes and acentric fragments. During cell division di-
centric chromosomes impede cell division and acentric fragments are 
lost to create genetic imbalances. These changes result in cell death 
(Muller 1927, 1950; LaChance 1967; Robinson 2005). In most insect 
species the adult stage is highly radiotolerant because dividing cells do 
not occur in somatic tissues but only in the gonads (LaChance 1967).

Normally, irradiated larvae have a prolonged larval stage and may 
live longer than non-irradiated larvae when irradiated with lower 
doses (Tilton & Brower 1983). Hallman (2000) noted that insects may 
live for considerable periods of time after irradiation. Although the 
developmental times of all C. sasakii larvae could not be determined 
because some larvae failed to emerge from the apples, we observed 
that the mean developmental time of immatures that became 5th in-
stars that emerged from the fruits increased significantly with increas-
ing dose as compared to the controls (Tables 1 and 3). The mean de-
velopmental time of the immatures developing in ‘Red Fuji’ apples in 
the controls of various tests (Table 1) varied between 22.2 ± 2.9 and 
26.4 ± 3.3 d, which is somewhat longer than was reported in ‘Golden 
Delicious’ apples (18.13 ± 0.22 d) and much longer than the 12.48 ± 
0.10 d in fruits of Japanese plum (Prunus salicina L.; Rosales: Rosa-
ceae: Amygdaloideae) (Lei et al. 2012). Our results agree with those on 
Ephestia kuehniella Zeller that showed a dose-dependent delay in the 
developmental period of eggs and larvae. The mean cumulative lar-
val development time of the irradiated larvae that developed to adult 
emergence increased compared to controls (Ayvaz & Tuncbilek 2006). 

This phenomenon was also noted by Wang et al. (2006) and Zhan et 
al. (2011) who observed that the larval development time was longer 
when Anoplophora glabripennis Motschulsky (Coleoptera: Cerambyci-
dae) and Monochamus altarnatus Hope (Coleoptera: Cerambycidae) 
were irradiated with 9 MeV X-ray doses of 20–60 Gy.

The larval weights of late 5th instars—developing from preceding 
immature stages of C. sasakii that had been irradiated with doses be-
tween 60–120 Gy—decreased significantly (Tables 1 and 2), suggest-
ing that the cells associated with digestion or the enzymes related to 
metabolism were seriously damaged by the radiation (Boshra 2007). 
The results agree with other investigations that irradiation decreased 
the amount of food consumed and digested due to the effect of ir-
radiation on the activity of digestive enzymes. For instance, the mean 
weight of 18-d old larvae of Ephestia cautella Walker (Lepidoptera: 
Pyralidae) was only 45.9% compared to the control when 1 d-old lar-
vae were irradiated at 80 Gy (Boshra 2007). The weight of irradiated 
larvae of Heliothis virescens F. (Lepidoptera: Noctuidae) and Sesamia 
cretica (Lederer) (Lepidoptera: Noctuidae) were significantly less than 
normal larvae at each stage (Proshold & Bartell 1972; Abdel-Kawy & 
El-Naggar 1992). Increasing the dose from 20 to 60 Gy caused the larval 
growth rate of Tribolium confusum Jacquelin Du Val (Coleoptera: Tene-
brionidae) to decrease from 83.0% to 38.2% of the untreated controls 
(Ahmed & Hassan 2001). Linear regression of body weight of C. sasakii 
showed that the mean weight of late 5th instars is correlated with ra-
diation doses because the R2 was ≥ 0.8179 for all stages (Table 2). The 
slope represents the weight reduction rate, the units of measurement 
being mg per Gy. When 3rd instars of C. sasakii were irradiated the 
slope (−0.13 mg/Gy) was nearly 2-fold as great as when the 1st, 2nd, 
and 4th instars were irradiated (−0.06 to −0.077 mg/Gy) (Table 2), indi-
cating that weight reduction in treated 3rd instars is more severe than 
in these other instars. This may be caused by a greater sensitivity of the 
cells associated with digestion or the enzymes related to metabolism in 
the 3rd instar than in the other instars.

A surprising finding in this research was that the response to ra-
diation in irradiated 5th instars of C. sasakii showed a trend that was 
opposite to other immature stages since larval weight of irradiated 5th 
instars significantly increased with increasing doses (Tables 1 and 2). 
This would indicate that the 5th instars—the last stage before pupa-
tion—differs from the preceding instars regarding feeding and excre-
tion characteristics. Some lepidopterans adjust their life cycle to sea-
sonal changes by arresting development in a specific phase of the last 
larval instar (Eizaguirrea et al. 2005). It can be postulated that a similar 
phenomenon occurs upon irradiation of the last larval stage.

In conclusion, gamma irradiation with doses up to 140 Gy affects 
the development of C. sasakii larvae, with significant effects on larval 
weight, cumulative larval developmental time, and mortality. These 
conclusions can be elaborated as follows:

Body Weight. The mean body weight of late 5th instars that devel-
oped from the 4 preceding instars decreased significantly in a dose-de-
pendent manner when larvae in any one of these preceding instars had 
been irradiated with gamma rays. Mean body weight reduction of late 
fifth instars was greatest when 3rd instars were irradiated. In contrast, 
when 5th instars were irradiated their mean body weight increased sig-
nificantly. Cumulative Larval Development Time. The mean cumulative 
larval developmental times increased significantly in a dose-dependent 
manner in comparison to the controls when any one of the 5 instars 
was irradiated. Larval Mortality. Significant larval mortality occurred in 
the first 4 instars when any one of them had been irradiated, but none 
of the irradiated 5th instar larvae died in the apple fruits, indicating 
that the 5th instar is the most radiotolerant larval stage. Additional 
Research. Further research is suggested to elucidate the mechanisms 
whereby the weights of 5th instar larvae that developed from irradiat-
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ed 3rd instars are substantially diminished. Also research is suggested 
to elucidate the mechanisms whereby why the weights of 5th instars 
increase substantially after they have been irradiated.
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