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(Wu 

and Tsian, 2000; Hallman, 2001)
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Table 1. Effect of gamma radiation on eggs of the carambola fruit borer, Eucosma notanthes 

Radiation dose (Gy) Mean ± S.E. Hatchability (％) 
Control  13.40 ± 0.40 a1) 89.33 

 10 13.75 ± 0.48 a 91.67 
 20  9.25 ± 1.55 b 61.67 
 50  1.50 ± 0.29 c 10.00 
100  0.00 ± 0.00 c 0 
150  0.00 ± 0.00 c 0 

1) Means within a column followed by different letters significantly differ (p < 0.05) by the least significant 
difference test. 

 
 

 
Table 2. Numbers of pupae and adults developing from gamma-irradiated third instar larvae of the carambola fruit 

borer, Eucosma notanthes 

Pupation  Emergence Radiation dose (Gy) 
Mean ±  S.E. Survival rate (％)  Mean ± S.E. Survival rate (％) 

Control  8.00 ± 0.58 a1) 80.00  6.33 ± 0.33 a 63.33 
 50  4.33 ± 0.33 b 43.33  2.83 ± 1.67 b 28.33 
100  3.17 ± 0.60 bc 31.67  0.17 ± 0.17 c  1.67 
150 1.67 ± 0.67 c 16.67  0.00 ± 0.00 c 0 
250  0.00 ± 0.00 d 0  0.00 ± 0.00 c 0 

1) Means within a column followed by different letters significantly differ (p < 0.05) by the least significant 
difference test. 
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(Ephestia 

kuehniella Keller) 

(Koudelova and Cook, 2001)  

( )

3 4 (

) 4

( )

(Angerilli and Fitzgib- 

bon, 1990) (Liriomyza 

trifolii Burgess)

(Yathom et al., 1990)  

 
Table 3. Numbers of pupae and adults developing from gamma-irradiated fourth instar larvae of the carambola fruit 

borer, Eucosma notanthes 

Pupation  Emergence Radiation dose (Gy) 
Mean ± S.E. Survival rate (％)  Mean ± S.E. Survival rate (％) 

Control 12.33 ± 0.33 a1) 82.22  8.33 ± 0.33 a 55.56 
 25  9.67 ± 0.33 ab 64.44  5.67 ± 1.45 b  37.78 
 50  8.00 ± 0.71 b 53.33  2.25 ± 0.85 c 15.00 
100   9.25 ± 0.63 bc 61.67  0.25 ± 0.25 d  1.67 
150  5.75 ± 1.75 c 38.33  0.00 ± 0.00 d 0 
250  0.25 ± 0.25 d  1.67  0.00 ± 0.00 d 0 

1) Means within a column followed by different letters significantly differ (p < 0.05) by the least significant 
difference test. 

 
 

 
Table 4. Numbers of adults emerging from gamma-irradiated pupae of the carambola fruit borer, Eucosma notanthes 

Females  Males Radiation dose (Gy) 
Mean ± S.E. Survival rate (％)  Mean ± S.E. Survival rate (％) 

Control  8.67 ± 0.33 a1)  86.67  9.00 ± 0.58 a 90.00 
 50 7.90 ± 1.08 a 78.79  9.10 ± 0.52 a 90.91 
 75 6.33 ± 1.20 a 63.33  6.67 ± 0.33 ab 66.67 
100 3.67 ± 0.67 b 36.67   6.33 ± 1.76 ab 63.33 
150  1.67 ± 0.33 bc 16.67  4.33 ± 0.88 b 43.33 
300 0.00 ± 0.00 c 0  0.67 ± 0.33 c  6.67 

1) Means within a column followed by different letters significantly differ (p < 0.05) by the least significant 
difference test. 
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(Burditt, 1994; 

Hallman, 2001; Lin et al., 2001)

(Hallman, 2001)

(FAO) (IAEA)

(WHO) 1980 10 

kGy( )

10 kGy

(Burditt, 1994; Wu and Tsian, 

2000)

400 Gy

1 kGy

 

 
Table 5. Numbers of eggs laid by adults and the hatchability of those eggs from irradiated pupae of the carambola 

fruit borer, Eucosma notanthes 

No. of eggs  No. of eggs hatching Radiation dose (Gy) 
Mean ± S.E. Percent of control  Mean ± S.E. Hatchability (％) 

Control  82.50 ± 9.58 a1) 100.00  82.50 ± 9.58 a 100.00 
 50 57.11 ± 9.58 b  69.22  55.56 ± 9.54 b  96.55 
 75 13.50 ± 4.18 c  16.36   5.63 ± 3.61 c  28.51 
100  3.42 ± 0.69 c   4.15   0.00 ± 0.00 c 0 
150  0.00 ± 0.00 c 0   0.00 ± 0.00 c 0 
300  0.00 ± 0.00 c 0   0.00 ± 0.00 c 0 

1) Means within a column followed by different letters significantly differ (p < 0.05) by the least significant 
difference test. 

 
 

99.5  
Table 6. Probit regression equations, and LD50 and LD99.5 values of different stages of the carambola fruit borer, 

Eucosma notanthes, after irradiation treatment 

Stage Regression equation p LD50 LD99.5 

Egg Y = 0.054X-1.567 < 0.0001 28.96  76.57 
3rd instar larva to pupa Y = 0.012X-0.616 < 0.0001 52.68 272.83 
3rd instar larva to adult Y = 0.023X-0.443 < 0.0001 19.26 131.25 
4th instar larva to pupa Y = 0.009X-0.814 < 0.0001 91.43 380.85 
4th instar larva to adult Y = 0.023X-0.184 < 0.0001  7.85 117.93 
Pupa to female adult Y = 0.015X-0.355 < 0.0001 23.21 191.56 
Pupa to male adult Y = 0.010X-1.380 < 0.0001 139.37 399.55 
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ISPM (International Standards for 

Phytosanitary Measures) 2002

Guideline for the use of irradiation as a 

phytosanitary measure

(FAO ISPM, 2002)  
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Effects of Gamma Radiation on Survival and Reproduction of 
the Carambola Fruit Borer, Eucosma notanthes Meyrick 
(Lepidoptera: Tortricidae) 
 
Jun-Yaw Lin, and Shwu-Bin Horng*  Department of Entomology, National Taiwan University, Taipei 106, Taiwan, R.O.C. 

Chau-Chin Hung  Taiwan Agricultural Chemicals and Toxic Substances Research Institute, Council of Agriculture, Wufeng, 

Taichung 413, Taiwan, R.O.C. 

ABSTRACT 

  Eucosma notanthes is an important quarantine pest for exported 
carambola in Taiwan. To evaluate the possibility of applying gamma 
irradiation treatment against this pest, the eggs, larvae, and pupae were 
separately exposed to gamma radiation in the Institute of Nuclear Energy 
Research’s mega curie Co-60 irradiation plant at dosages ranging from 50 to 
400 Gy. A dose of 76.57 Gy could prevent 99.5% of eggs from hatching. 
Prevention of larvae from developing to pupae at the 99.5% level was 
accomplished with estimated doses of 273 and 381 Gy for third and fourth 
instar larvae, respectively, while a dose of less than 131 Gy was required for 
preventing larvae from developing to the adult stage. When pupae were 
irradiated, adult emergence was completely prevented with doses of 192 and 
400 Gy for females and males, respectively. Doses above 100 Gy appeared to 
produce sterility in this pest. Doses for irradiation quarantine treatment 
against E. notanthes were substantially lower than 10 kGy, the safety 
standard of the FAO. We therefore conclude that irradiation treatment is 
suitable for controlling this pest. 
 
Key words: Eucosma notanthes, gamma radiation, quarantine treatment 
 




