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Doses of Electron Beam and X-ray Irradiation for Inhibition of Development

and Reproduction in Four Insect Pests

Seung-Hwan Yun, Minjun Kim, Hyunah Kim, Seon-Woo Lee, Dae Hyun Yoo, Hyun Kyung Kim, Hyun-Na Koo and Gil-Hah Kim*
Department of Plant Medicine, College of Agriculture, Life and Environment Sciences, Chungbuk National University, Cheongju 361-763, Korea

ABSTRACT: This study investigated inhibitory doses of electron beam and X-ray irradiation by comparing their effects on the
development and reproduction of four insect pests (Myzus persicae, Tetranychus urticae, Liriomyza trifolii, and Frankliniella intonsa). When
M. persicae nymphs were irradiated with 100 Gy of electron beam and 30 Gy of X-ray beam, offspring production by adults that developed
from the treated nymphs was completely inhibited. When M. persicae adults were irradiated with 200 Gy of electron beam and 50 Gy of
X-ray beam, emergence of the F; generation was inhibited. However, these two ionizing radiations did not affect adult longevity. When
T. urticae eggs were irradiated with 150 Gy of electron beam and 50 Gy of X-ray beam, egg hatching was completely inhibited. When
L. trifolii pupae were irradiated, the emergence rate decreased with increasing doses of X-ray irradiation. After F. intonsa adults were
irradiated with 250 Gy of electron beam and 200 Gy of X-ray beam, egg hatching of the F; generation was completely suppressed.
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AL glom oAl QB8 &, AF 53] 7R &
=5, WA 5ol ATk 3H = of ARg-= A QITKPark et al., 2006).
|23t v A= mbA Rl oA 2] 7 e & FAkEe] HsiE
43} & 4= 9)= v]glskE] 7])<o|ciHallman, 1998; Osouli
etal, 2013). 7P @o] ARgsh= o238t A] Froll= At
Xl(gamma-ray), A} (electron beam), X-Al(X-ray) 5°] 4l
TH(Hallman, 2004). 0|52 &34 2] thH] & A 2| A7k X
o] dA ol H AP R o= F o] S 7K Osouli
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L v w2 A aT ks v ARl S8 S ¢
Hlato] Eolo] o] 24 FtkFollett, 2006a; 2006b). 9] A7
AEIE Al B Epiphyas postvittana (Lepidoptera: Tortricidae),
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Ephestia kuehniella (Lepidoptera: Pyralidae), Ostrinia nubilalis
(Lepidoptera: Crambidae), Sifotroga cerealella (Lepidoptera:
Pyralidae) (Ayvaz and Tuncbilek, 2006; Hallman and Phillips,
2008; Hallman and Hellmich, 2009; Jang et al., 2012) 5-o{| 4]
b o] 87t AFA R Harrf thFtolo AR S o]§
3t A= F 2 soft-electron beam2 A7) Z4)of| A z|gro 2
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B ST WA ANt S o] 85k 1
gloll = Etekar 2 At AR X-AE ]85t o] f+=
flofl 713t -2 AHES olste] AA Hr|vle=
Nst7] ofel Bagt Aedo)7] wizoltk FA ol A i
< o] 83 AR AGLE = Moon et al. (2010)0]] 2]t Aato]
SN (Tetranychus urticae), B-5-0F S A QA E(Myzus persicae),
7 }50)(Bemisia tabaci) 7} 9 2.1 Koo et al. (2011)2 v 5=
FEWH(Plutella xylostella)©l| 3] AP Q] 3 A8
th &3t ot e)7tlZ Tt (Liriomyza trifolif)ol| 4] AR
AT DNA £4FS §uksiol 44 e) 98-8 71Agte

AT o] HAREA] U S 8kckKoo et
al., 2012). APo] ofak 7] U] DNA 4R& A 412l 49
A17b0] 2|4 A 3] repair systemo] ] 274 0.2 515
o] AN Aol Folda=5 DNA &40 AZfslo] eds]
SHEEA) S FHlAAIT I (Spodoptera litura) || A 28]
S THYun et al., 2014). Moon et al. (2010)2] &1 7Lof| A= tiA)
T2 e8] AT = U= AR BarER] ghgkom] Tt
ol A X-ray 7} sl ] 2= &l tiet k= A7
TRYE A 2 dRolt). wEtA 2 A= 4% AT, 5ol
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A& Axto] BAS Tukey's Studentized Range Test (SAS
Institute, 2003) 1.2 o] 85}0] o]- L8]] 2] ZAE 7F o)
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TR X-ray ZAP} SS0IETIREQ| W=} HAlof
Olxk= 8

0%

HAP T} Xeray 2A10] of3t Bl B AskEo] dfat JaRe
Table 137} 2t} ool A3 X-ray AL A 9-3h&-2} -3t
o E7t 4o ol Gl jllth ol ASol ¥
oFF9] o Aol S7HE EolE3lar A 100 Gy
oA, X-ray+=30 Gy Aol 5] AAE A8t A
Foll WA} X-ray S 24 785 4% FHols 94
FFol et o] 23ty A] o] 57 S5 A7 2
3} o L) AR} 200 Gy of| A 2.2+1.318}], X-ray 50 Gy o] A
A 3.5+1.3012] O] oFF2- g kTh ey ol &(F Al o)
S8 Al WS A} 9-slof= B Aufstolct oA Y B
OFEAIGE oFF2 AlIE flsliA= HAHY 100 Gy, X-ray+=
30 Gy7} 2 ashH 452 AAIE Helixle= 24P 200 Gy, X-ray
= 50 Gy7} g asirt. Ao e thit siso] Tt
o] W} @ LE|= AgFo] 2fo|7} W=t Aspidiotus destructor
Signoret (Homoptera: Diaspididae)®] 28 2FZ=o]| X-ray ZA}
A1 60 Gy ol Al Fy At 2] 27 oFg-2] A/ o] 2h 5] A = 1A
TH< Rt AdFoll 2AFA1200 Gy ol Al Fy At 2] 27 oF5-2] Al
o] &3] A =] itk (Follett, 2006a). T=3F Mexican leafroller
(Lepidoptera: Tortricidae)o]] X-ray A} A] &2] 742-90 Gyl
A F37E A gl o 15 f5o4A 120 GyolA 83171 9
A5 3% §500141 120 Gyol ] 37} oAlEI gl oLt 57
S35 129 o]y Wiell7|ol 4 Alepo] 27kl wfet
$8h80] 24451901} 150 Gyl = 80| 2] o)
)% ekolrhFollett, 2008).
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AT Xeray ZAP7} 2 o] g ofo] ]3| 3ES Table 2
o} 2}, gufo] gof ool X Xoray 24} A] AleFo] Z7H
Y48 2oHgo0] Al AAE 150 Gyoll A, Xerayis
50 Gyoll 4 R8}7} 23] ARl slek. oFFel 5 ol &ajolu]
A8 242k 24} A S3HE} S31E ol A4 fo4
2 3o] ] goleh, TELh HA 400 Gyol A 23 U Aehe:
SIATH(13+1.97H), Algkel ok w23} X Esiolck
Xeray= 300 Gy 2} A] Algto] 9h13] oAl %ol 2

A} 4] ol BT BTt nh b = Aol uhE Aol
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Table 1. Effect of electron beam and X-ray irradiation on the emergence, longevity, fecundity, and £ emergence of M. persicae

No. of offspring

Stage Radiation ]()((})}ss e Emergence (%) Longevity (day) (Q ftotal) Emergence (£1)(%)
Mean+SD Mean+SD Mean+SD Mean+SD
150 90 86.9+7.1 2" 133352 0.0+0.0 a o
E-beam 100 90 87.1£52a 13.5£3.1 a 0.0+0.0 a -
50 90 90.0+6.4 a 13.744.0 a 31.7+10.0 ¢ -
Nymphs 30 90 86.8£3.5a 13.9+4.0 a 0.0+0.0 a -
X-ray 20 90 88.1+3.2 a 14.1+4 4 a 1.0£0.7 a -
10 90 88.8+4.4 a 143444 a 11.1449b -
Control 0 90 90.7£5.8 a 14.0£3.6 a 34.6£8.0c -
200 90 - 12.242.0 a 2.2+1.3a 0.0£0.0 a
E-beam 150 90 - 12.842.0 a 2.6+1.3 ab 4.9+5.0a
10 90 - 13.1£2.5a 3.1x1.5 ab 23.1+12.3 b
50 90 - 13.0£3.7 a 27.8£6.9d 83.6+7.8d
Adults 50 90 - 13.3+3.0a 3.5+1.3 ab 0.0£0.0 a
Xeray 30 90 - 12.8+4.0 a 5.742.5 ab 6.2+3.5a
20 90 - 13.8£39a 7.1+1.7b 453434 ¢
10 90 - 133434 a 14.4+4.4 c 84.5+3.8d
Control 0 90 - 12.5£3.1a 344457 ¢ 89.4+5.9d
dsample size.

®Means within each column followed by the same letter are not significantly different at £< 0.05 by Tukey's studentized range test (SAS

Institute, 2003).
Not experimented.

Table 2. Effect of electron beam and X-ray irradiation on the hatchability, emergence, longevity, fecundity, and A hatchability of 7. urticae

.. . No. of eggs Hatchabilit
Stage Radiation ]()g:; . Hatchability (%) Emergence (%) Longevity (day) (9 tot agl§ o y
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
150 179 0.0+0.0 a” 9 - - -
E-beam 100 170 48+t4.8a 88.7+1.6 a 11.6£23 a 60.5+14.4 a 44.4+15.0 a
70 151 36.3+4.3 b 87.0+2.0 a 10.3+4.2 a 50.1+22.0 a 49.9+13.0 ab
50 187 79.4£55b 87.6£6.6 a 9.2+3.4 a 57.6+14.6 a 72.1£19.7 be
Eggs 50 201 0.0+0.0 a - - - -
X-ray 30 200 1.2£19a - - - -
20 164 8.2+8.4 a 80.1+£6.0 a 8.4+2.4 a 50.4+17.1a 49.0+8.7 ab
10 196 52.3£122¢ 87.7£5.0 a 8.8+3.7a 57.1%15.5a 81.7£10.2 ¢
Control 0 147 91.0+6.2d 89.5t4.0 a 9.6+3.5a 63.3£16.1 a 81.5t7.6 ¢
400 90 - 88.5£3.7 a 12.843.7 a 1.3+1.9a 0.0+£0.0 a
E-beam 350 90 - 90.1+5.0 a 12.0+4.2 a 1.9+1.8a 7.3£10.1 a
300 90 - 89.6£3.9a 13.0+4.7 a 4.6+6.5 a 36.5427.1 a
250 90 - 92.1439a 13.6£52 a 53+8.7a 31.2+354 a
Nymphs 300 90 - 89.24+6.0 a 124£25a 0.0+£0.0 a -
X-ray 250 90 - 91.7439a 124434 a 09+2.4a 13.5¢17.7 a
200 90 - 90.0+1.8 a 13.6+39 a 1.0£2.4 a 10.1+£12.3 a
150 90 - 88.2+5.8 a 13.6£3.5a 6.749.0 a 26.7+22.7 a
Control 0 90 - 91.1+1.9a 13.0+34 a 50.7+18.4b 91.3£3.8b
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Table 2. Continued

o . No. of eggs Hatchabilit
Stage Radiation ]()((})}slc)a e Hatchability (%) Emergence (%) Longevity (day) ( Q/totaglf e Y
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
400 90 - - 11.8442a 33.0+53a 0.0+aa
350 90 - - 11.6+4.1 a 44.3+16.2 a 1.1+£2.1 ab
E-beam
300 90 - - 12244.1a 49.3+10.0 ab 16.749.3 ¢
250 90 - - 12.0+4.9 a 48.4+10.6 ab 12.9£10.9 be
Adults 300 90 - - 12.0+£39 a 41.5+5.0a 0.0£0.0 a
X-ray 250 90 - - 119443 a 433489 a 2.0£3.9 ab
200 90 - - 12.0+4.6 a 52.6+8.3 ab 12.4+9.5 ¢
150 90 - - 12.843.5a 43.5+16.0 a 22.1+12.4 ¢
Control 0 90 - - 11.9£3.8 a 67.8+24.4 b 90.4+5.1d
a)Sample size.

®Means within each column followed by the same letter are not significantly different at A< 0.05 by Tukey's studentized range test (SAS

Institute, 2003).
Not experimented.

Table 3. Effect of electron beam and X-ray irradiation on the hatchability, pupation, emergence, longevity, fecundity, and £ hatchability

of L. trifolii

Stage ]()(:; o Hatchability (%)  Pupation (%)  Emergence (%) Lo(r:lic;\;lty 1\209' 7;:51%5 H%ﬁg?];})lty
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
30 202 0.0£0.0 a” - - - - -
Eggs 10 166 352+4.5b 87.549.2 a 47.6+18.9 a - - -
0 127 87.4+4.6 ¢ 89.6+6.1 a 88.9£1.9b - - -
70 242 - 84.0+4.8 a 0.0+£0.0 a - - -
50 236 - 85.1+2.3 a 0.0£0.0 a - - -
Larvae 30 244 - 81.1+4.8 a 1.0£1.7 a - - -
10 238 - 90.8£0.9 b 41.7£73 b - - -
0 205 - 87.8+£1.9 ab 83.8+3.6 ¢ - - -
100 90 - - 0.0+£0.0 a - - -
70 90 - - 1.3+3.1a - - -
50 90 - - 23.8+3.1 b - - -
Pupae
30 90 - - 25.5+3.6 b - - -
10 90 - - 73.5+10.1 ¢ - - -
0 90 - - 78.1£6.2 ¢ - - -
150 90 - - - 11.8+2.7 a 20.1+17.8 a 0.0£0.0 a
100 90 - - - 11.2+3.2a 35.4+20.5a 0.7+1.2a
Adults 70 90 - - - 12.3+34 a 76.2+37.3 a 16.3£9.8 b
50 90 - - - 9.0+2.2 a 78.6+£60.7 a 18.8+14.7 b
0 90 - - - 10.8+2.7 a 172.7£90.0 b 81.8+7.8 ¢
a)Sample size.

®Means within each column followed by the same letter are not significantly different at £< 0.05 by Tukey's studentized range test (SAS

Institute, 2003).
Not experimented.
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Table 4. Effect of electron beam and X-ray irradiation on the hatchability, emergence, longevity, fecundity, and / hatchability of £, intonsa

o . No. of eggs Hatchabilit
Stage  Radiation ]()Go}s; e Hatchability (%) Emergence (%) Longevity (day) (9 fot aglf)g . y
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
100 87 0.0+0.0 a” 0 - - -
E-beam 70 105 16.0£3.3 a - - - -
50 89 85.5+4.0b - - - -
Eggs 30 125 0.0+£0.0 a - - - -
X-ray 20 147 9.1£19a - - - -
10 120 69.5+8.8 b - - - -
Control 0 103 88.2+3.7b - - - -
150 90 - 0.0+0.0 a - - -
E-beam 100 90 - 10.0+£12.6 a - - -
50 90 - 76.7£8.2 ¢ - - -
Nymphs 50 90 - 0.0+£0.0 a - - -
X-ray 30 90 - 0.0£0.0 a - - -
10 90 - 36.7£153 b - - -
Control 0 90 - 88.3£7.5¢ - - -
250 90 - - 11.143.0a 5.4+1.8a 0.0£0.0 a
E-beam 200 90 - - 11.44£35a 6.3+3.1a 8.3+13.2a
100 90 - - 11.8£3.0a 6.7£2.7 a 38.2431.2 b
Adults 200 90 - - 11.0£3.0 a 6.1£2.5a 0.0+£0.0 a
X-ray 150 90 - - 10.5¢3.4 a 7.4+1.5a 8.349.1 a
100 90 - - 10.9+3.2 a 7.0+£2.8 a 6.3+6.7 a
Control 0 90 - - 10.74£3.3 a 33.9+153 a 82.4+52 ¢
Sample size.

PMeans within each column followed by the same letter are not significantly different at £< 0.05 by Tukey's studentized range test (SAS

Institute, 2003).
9Not experimented.
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Aspidiotus destructor Signoret (Homoptera: Diaspididae)<}
Pseudococcus comstocki Kuwana (White Peach Scale)of| o]-2
St qA] 2AFA] Aol 71E= AFFo] th=A Uehte
Mexican leafroller (Lepidoptera: Tortricidae) 2} = o] 4 9]
ofm|2]7}l=ute] S Hlawsl B 7} si5-o] FaTA ol o]
SoflqA] 22| A] Mexican leafroller 521 7-9- 82171 %A
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