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Abstract

Effects of electron beams with an energy of 25 MeV on insect pests were slightly

smaller than those of gamma-rays. Electron beams at 400 Gy inactivated all the pests for

cut flowers tested; spider mite (Tetranychus urticae), mealybug (Pseudococcus comstocki),

leaf miner (Liriomyza trifold), thrips (Thrips palmi, and Thrips tabaci), cutworm

(Spodoptera litura) and aphid (Myzus persicae). Carnation, alstromeria, gladiolus, tulip,

statice, stock, dendrobium, prairie gentian, oncidium, campanula, gloriosa, fern, gypsophila,

freesia, lobelia, triteleia and gerbera were tolerant to electron beams at 400-600 Gy, while

chrysanthemum, rose, lily, calla, antherium, sweet pea and iris were intolerant.

Radiation-induced deterioration of chrysanthemum could be prevented by post-irradiation

treatment with commercial preservative solutions or sugar solutions.

Soft-electrons at 60 keV effectively inactivated eggs, larvae and pupae of red flour beetle

(Tribolium castaneum) and Indian meal moth (Plodia interpunctella) and eggs of adzuki

bean weevil (Callosobruchus chinensis) at a dose of kGy. The adults of castaneum

and P. interpunctella were inactivated by electron treatment at 5.0 kGy and 75 kGy,

respectively. Adults of C chinensis survived at 75 kGy, but were inactivated having lost

ability to walk at 25 kGy. Soft-electrons at 60 keV could not completely inactivate the

larvae of C chinensis and smaller larvae (2nd instar) of maize weevil (Stiophilus zeamais)

inside beans and grains, because the electrons with low penetration did not reach the larvae

due to the shield of beans or grains. However, soft-electrons at 60 keV inactivated eggs,

larger larvae (4th instar) and pupae of S. zeamais in rice grains, which indicated that S.

zeamais was exposed to electrons even inside the grains.

Intr-oduction

Agricultural commodities are sometimes contaminated with insect pests. The

contaminated products are usually fumigated with chemicals such as methyl bromide.

However, fumigation with methyl bromide is not desirable from the viewpoints of both

health and environment. The usage of methyl bromide is going to be phased out globally,

because of its ozone depleting effect (Anon, 1995; Anon, 1996; UNEP, 1995). Thus, the
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development of disinfestation methods alternative to methyl bromide fumigation is highly

required.

One of the methods that can treat a large number of flowers simultaneously as an

alternative to methyl bromide fumigation is radiation treatment (UNEP, 1995). Data on

the effects of radiation on fruit flies and stored-product insects and on grains, fruits and

vegetables have been accumulated (Anon, 1995). However, data on other pests and host

commodities are not enough to evaluate radiation technology as a quarantine treatment

(Anon, 1996), although a few studies have been conducted on radiation tolerance of cut

flowers (Haasbroek et al., 1973; Joyce, 1988; Seaton and Joyce, 1992; Wit and Van de Vrie,

1985). FAO/1A.EA has conducted an international project to determine the minimum

doses necessary to inactivate pests other than fruit flies and stored-product insects and the

maximum doses cut flowers and fresh herbs tolerate since 1992 (Anon, 1996).

Soft-electrons (low energy electrons) which have a low penetration capacity have

been reported to effectively disinfect grains, pulses, spices, dehydrated vegetables and some

sprout seeds with little quality deterioration (Hayashi et al., 1997, 1998ab; Hayashi, 1998;

Hayashi and Suzuki, 2001; Todoriki and Hayashi, 2000; Todoriki et al., 2002). Electrons

with such low energies do not require a thick safety shield due to their low penetration

capacity, thus enabling less expensive inline disinfection at food processing plants. It is

expected that soft-electrons could disinfest grains and pulses with little quality

deterioration.

In the above-mentioned FAO/LAEA international project, we have investigated the

efficacy of irradiation of cut flowers with electron beams and the effects of soft-electrons

(low-energy electrons) on stored-product insect pests.

COMPARATIVE EFFECTS OF GAMMA-RAYS AND

ELECTRON BEAMS ON PESTS

Results AND Discussion

The effects of gamma-rays and those of electron beams on flour beetle (Tribolium

freemani) and two spotted spider mite (Tetranychus urticae) were investigated and

compared by using a Gammacell 220 47 kGy/h, 21 x 102 TBq of 6Co, Nordion

International Inc., Canada) and a Van de Graaff electron accelerator 1.2 x 103 kGy/h 25

MV, Nissin High Voltage Engineering Co., LTD., Japan).

A smaller number of adults from gamma-irradiated pupae of flour beetle laid eggs,

as compared with the adults from electron-iffadiated pupae (Table 1). The hatchability of

eggs laid by the adults from gamma-iffadiated pupae was slightly lower than that from

electron-iffadiated pupae (Table 1). Younger eggs of two spotted spider mite were more
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sensitive to both gamma-rays and electron beams (Table 2 The effect of gamma-rays

on the hatchability of the eggs was almost the same as that of electron beams (Table

2)(Dohino et al., 1994). These results (Table and 2 indicate that the insecticidal effects

of gamma-rays are slightly larger than those of electron beams, which agreed with the

results reported on other insects (Adern -et al., 1978; Bull and Cornwell, 1966; Hayashi,

1991; Proctor et al., 1954).

2. QUARANTINE TREATMENT OF CUT FLOWERS WITH ELECTRON BEAMS

Results

Inactivation of Pests with Electron Beams

All pests at each stage were irradiated at ambient temperature with the Van de Graaf

electron accelerator 1.2 x103 kGy/h 25 MV). Irradiation with electron beams at 40OGy

inhibited the hatching, larval growth, pupation, adult-emergence and/or oviposition and

sterilized the adults, irrespective of the species and stage of pest, which suggests that 40OGy

is the minimum dose for inactivation of pests for cut flowers with electron beams (Table 3.

Spider mite (two spotted spider mite, Tetranychus urticae)

The tolerance of eggs increased with age. The most tolerant eggs, 5-day-old eggs,

irradiated at 400 and 600 Gy developed into adults, but the adult females were sterilized

completely. Adult females irradiated at 400 Gy or higher did not produce viable eggs,

although females irradiated at 200 Gy recovered fecundity. (Dohino and Tanabe, 1993).

Leafminer (Liriomyza trifoUi)

Irradiation of eggs, larvae and pupae at 100 Gy or higher inhibited adult emergence.

(Kumagai and Dohino, 1995).

Mealybug (Comstock mealybug, Pseudococcus comstocki)

Younger eggs (0-5 day-old and 610 day-old) were more sensitive to electron beams

thanoldereggs(llor'12day-old). Larvaeirradiatedat2OOGydidnotgrowintomaturity.

Adult females irradiated at 200-600 Gy oviposited, but the eggs did not hatch except at 200

Gy. Female descendents from eggs irradiated at 200 Gy maintained the fecundity.

(Dohino and.Masaki, 1995)

Cutworm (tobacco cutworm, Spodoptera litura)

Older eggs were more resistant to electron beams. Four day-old eggs hatched after

irradiation at 400 Gy, although the other eggs did not. Larvae from eggs irradiated at 400
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Gy did not develop into 2nd instars. Larvae irradiated at 100 Gy or higher did not develop

into adults. (Dohino et al., 1996a)

Thrips (Thrips palmi and Thrips tabaci)

The resistance of eggs to radiation increased with age. Eggs irradiated at 100 Gy

or higher did not grow into pupae, irrespective of the age. Adult emergence from larvae of

Ttabaci was inhibited at 200 Gy, but that from larvae of Tlpalmi was not inhibited even at

400 Gy. However, the adults emerged from larvae irradiated at 100 Gy or higher were

sterilized. Irradiation of adults of the 2 species of thrips at 400 Gy resulted in sterilization.

(Dohino et al., 1996b)

Aphid (Myzuspersicae)

The survival rate of irradiated Mpersicae significantly decreased with dose

increased, when aphids were treated at doses of 400-600 Gy. The decendents from

females irradiated at 20OGy or higher could not develop to adult stage, which suggested that

the irradiated females were sterilized. (Dohino et al., 1998)

Effects of Electron Beams on Cut Flowers

Flowers were irradiated with a Dynamitron (5.0 MV, Radiation Dynamics Inc.), and

irradiated flowers were soaked in distilled water and stored at 20'C.

Carnation, alstromeria, gladiolus, tulip, statice, stock, dendrobium, prairie gentian,

oncidium, campanula, loriosa, fern, gypsophila, freesia, lobelia, triteleia and gerbera were

tolerant to electron beams at 400 Gy, while chrysanthemum, rose, lily, calla, antherium,

sweet pea and iris were intolerant (Table 4 The detrimental effects of irradiation were

delay/inhibition of flowering, withering/browning of flowers and leaves and bending of

petioles (Table 5). (Kikuchi et al., 1995; Tanabe and Kato, 1992; Tanabe and Dohino,

1993, 1995)

Prevention of Radiation-Induced Deterioration

Chrysanthemum flowers were soaked in various vase solutions for 12 h and

irradiated at 750 Gy with the gamma-rays in the same vase solutions, followed by storage at

20'C in the vase solutions.

Commercial floral preservative solutions and aqueous solutions 2%) of sucrose,

glucose, fructose and maltose delayed bloom wilting and foliage yellowing of cut

chrysanthemums caused by irradiation at 750 Gy; irradiated chrysanthemum stems placed

in such sugar solutions showed almost the same vase-life as unirradiated stems placed in

water (Dohino and Hayashi, 1995; Hayashi and Dohino, 1995; Hayashi and Todoriki, 1995,

1996; Kikuchi et al., 1995; Nakahara et al., 1998). Only sugars were effective in
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preventing radiation-induced deterioration and that germicides, polyols, surfactants, silver

ion and plant hormones were not effective (Hayashi and Dohino, 1995; Hayashi and

Todoriki,1996). Sugars influence post-irradiation metabolism responsible for

radiation-induced deterioration of chrysanthemum cut flowers as a substrate for respiration

(Nakahara et al., 1998). Sugar solutions prevented foliage yellowing of rose brought about

by irradiation but not flower wilting.

Discussion

Effects of electron beams on insects were slightly smaller than those of gamma-rays,

so dose necessary to disinfest cut flowers with electron beams will be slightly higher than

that with gamma-rays. All the pests tested in these studies could be inactivated by electron

beam at 400 Gy. Some cut flowers were tolerant to electron beams at 400 Gy and others

were intolerant; electron-irradiation is practical for the flowers that are not damaged at 400

Gy. Radiation-induced deterioration of chrysanthemums can be prevented by sugar

solutions. However, no method has been developed to prevent detrimental effects of

radiation on other flowers.

Although the efficacy of electron-irradiation of some cut flowers as a quarantine

treatment has been confirmed, there are still a few problems to be solved. The dose

necessary to inactivate pests is slightly lower than that cut flowers tolerate. The difference

between the two doses is not large enough to allow treating flowers with electron beams

with low penetration, because the difference between the two doses would be smaller than

the difference between maximum and minimum doses of electrons inside a carton of

flowers. X-rays are preferable to electron beams for treating cut flowers for quarantine

purposes.

3 INACTIVATION OF INSECT PESTS WITH SFIP-ELECTRONS

Results

The different developmental stages of insect pests were exposed to electrons at an

acceleration voltage of 170 kV and a beam current of 4 tt A for different periods at

ambient temperature (about 20T) in air using the Van de Graff electron accelerator.

The energy of electrons at a distance of 15 cm from the window (50 'U m thick titanium) of

the scanning horn was estimated at 60 keV, based on the mass stopping powers of air and

titanium. Survival data from soft-electron treatment of different developmental stages of red

flour beetle (T. castaneum), Indian meal moth (P. interpunctella), adzuki bean weevil C

chinensis) and maize weevil (S. zeamais) are presented as averages of three replicates in

Table 6.
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Red flour beetle (T. castaneum)

The number of larvae emerged from 20 untreated eggs was 15, while no larva

emerged from the eggs treated with electrons at 1.0 kGy or higher. The numbers of adults

developed from 20 untreated larvae and 15 untreated pupae were 19 and 13 respectively,

while no adult developed from the larvae or pupae treated at 0.5 kGy or higher. Adults

survived even after treatment at 25 kGy, but all adults died at 5.0 kGy. The results

indicated that eggs, larvae, pupae and adults of T. castaneum were inactivated with

soft-electrons with an energy of 60 keV or higher (Imamura et al., 2003).

Indian meal moth (P. interpunctella)

The effect of soft-electrons on P. interpunctella was similar to that on T. castaneum.

In untreated samples, 16 of 20 eggs hatched to larvae, adults developed from 20 larvae,

and 9 adults developed from 10 pupae. Eggs, larvae and pupae treated with soft-electrons

at 1.0 kGy did not hatch to larvae nor develop to adults. The adults required 75 kGy for

inactivation (Imarnura. et al., 2003).

Adzuki bean weevil (C. chinensis)

The number of larvae hatched from 15 untreated eggs was 12, while in the treated

samples no larva hatched even at 0.5 kGy. While the number of adults that developed

from 20 untreated larvae was 19, the number of adults from 20 soft-electron treated larvae

was 3 irrespective of exposure time. The adults survived even at 75 kGy, but all adults

had lost their ability to walk at 25 kGy (Imamura et al., 2003).

Maize weevil (Effects on S. zeamais in rice grain)

No egg or pupa developed to adults after soft-electron treatment at kGy, while 57

and 54 adults developed from untreated eggs and larvae, respectively. Smaller larvae (2nd

instar) inside grains were not completely inactivated with soft-electrons at 60 keV, whereas

larger larvae (4th instar) were completely inactivated by treatment even at 0.5 kGy. Eggs,

larvae and pupae were located inside holes that the adults produced to lay eggs.

Soft-electrons would get into the holes, resulting in the inactivation of eggs, larvae and

pupae. All the adults died several days after treatment even at 0.5 kGy.

Discussion

The results on red flour beetle (T castaneum) and Indian meal moth (P.

interpunctella) suggest that it is possible to disinfest grains contaminated with these

external feeder insects using soft-electrons with an energy of 60 keV.

Soft-electrons at 60 keV also inactivated the eggs of adzuki bean weevil (C
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chinensis) effectively, but adults and larvae survived even after treatment at 75 kGy.

Adzuki bean weevil lost their ability to walk at 25 kGy, which indicated that adults could

be inactivated by treatment at 25 kGy. T'he survivals of larvae of adzuki bean weevil and

maize weevil (2nd instar) were not dose dependent. The larvae of adzuki bean weevil and

maize weevil developed inside beans and grains, where 60 keV soft-electrons with a

penetration depth of 60 /im did not reach. However, 60 keV electrons were effective on

the eggs, larvae (4th instar), and pupae of maize weevil (S. zeamais), even if they resided

inside the rice grains. Some of the smaller larvae (2nd instar) of S. zeamais and the larvae

of C chinensis would move to the areas where soft-electrons getting into the holes

produced by insects did not reach. However, the larger larvae (4th instar) and pupae of S.

zeamais were so large that soft-electrons could hit some parts of their bodies, wherever they

were located in the holes. These facts suggest that some of the insect pests residing inside

grains and pulses can be inactivated by soft-electrons with low penetration depending on

the locality of the insects inside grains and pulses.

In our previous study (Hayashi et al., 1997, 1998a) we reported that soft-electrons at

an acceleration voltage at 60 keV for disinfection purposes did not affect the

physicochemical properties of grains, whereas gamma-rays deteriorated the quality. The

dose required for disinfestation is expected to be lower than that for disinfection. Therefore,

disinfestation of grains with soft-electrons will be more advantageous than irradiation with

gamma-rays or high energy electrons, in terms of quality of commodities.

Further studies will be done to clarify the efficacy of soft-electron treatment of

infested grains and beans, especially on the inactivation of internal feeders, by using a

commercial-scale soft-electron machine developed in Japan.
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Table 1. Sterility of Tfibolium freemani female adults from irradiated pupae

Egg laid (%) E gg hatched

gamma-ray EB gamma-ray EB

100 Gy 0 0

50 Gy 'O 13.3 0

25 Gy 40.0 88.2 16.1 44.6

10 Gy 93.3 93.3 55.8 73.9

0 Gy 85.0 82.7

Table 2 Hatchability of irradiated Tetranychus urficae

Age of egg Dose (kGy) EB gamma-ray

3 0.05 90.4 6.3 88.3±11.2

0.10 89.4 6.8 88.6±6.7

0.15 84.1±11.8 82.8±7.8

0.20 69.64-12.8 65.44-7.8

4 0.20 97.74-3.8 95.74-4.8

0.40 96.0±4.3 84.74-7.8

0.60 77.54-9.4 76.8±13.3

0.80 52.6±16.7 50.7±13.9

1.00 29.7-1-20.2 23.4±22.2
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Table 3 Effects of Electron Beams on Pests

Species Stage 100 Gy 200 Gy 400 Gy 600 Gy

Spider mite egg 0 0

(Tetranychus urticae) larva nymph 0 0

adult x 0 0

Mealybug egg 0 0 0

(Pseudococcus comstocki) larva 0 0 0

adult x 0 0

Leafminer egg 0 0

(Liriomyza tyifolii) larva 0 0

pupa 0 0

Thrips egg 0 0 0

(Thrips palmi) larva 0 0 0

adult x x 0

Thrips egg 0 0

(Thrips tabaci) larva 0 0 0

female adult x x 0

Cutworm egg 0

(Spodoptera fitura) larva 0 0 0

Aphid yzus persicae) nymph adult 0 0 0

0; dead, inhibition of adult emergence 0; sterilized X; no effect
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Table 4 Cut Flowers Tolerant to Electron Beams

Carnation (5 cultivars), Alstromeria 2 cultivars), Gladiolus 3 cultivars), Tulip 5

cultivars), Statice 2 cultivars), Stock 2 cultivars), Dendrobium, Prairie gentian,

Oncidium, Campanula, Gloriosa, Fern, Gypsophila, Freesia, Lobelia, Tritelela,

Gerbera

All species did not show any significant adverse effects

of EB up to 400 Gy.

Table 5. Cut Flowers Intolerant to Electron Beams

Species Adverse effects

Chrysanthemum flower wilting, browning of inflorescence core, foliage yellowing

Rose delay inhibition of flowering, foliage yellowing

Lily delay inhibition of flowering, withering browning of petal

Calla browning of bract leaf, petiol bending

Antherium withering of bract leaf

Sweet pea abscission of flower

liris foliage yellowing, necrosis of bud edge
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