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Abstract This study was conducted to develop environmental risk assessments and biosafety guides for insect-resistant genetically modified
rice in an LMO (Living Modified Organism) isolation field. In the LMO quarantine area of Kyungpook National University, the species diversities
and population densities of non-target insects found on insect-resistant genetically modified rice (Bt-T), rice resistant to Cnaphalocrocis medinalis,
and non-GM rice (Dongjin-byeo and Ilmi-byeo) were investigated. The Bt-T plants were, therefore, evaluated under field conditions to detect
possible impacts on above ground insects and spiders. In 2016 and 2017, the study compared transgenic rice and two non-GM reference
rice, namely Dongjin-byeo and Ilmi-byeo, at Gunwi. A total of 9,552 individuals from 51 families and 11 orders were collected from the
LMO isolation field. From the three types of rice fields, a total of 3,042; 3,212; and 3,297 individuals from the Bt-T, Dongjin-byeo, and
IImi-byeo were collected, respectively. There was no difference between the population densities of the non-target insect pests, natural enemies,
and other insects on the Bt-T compared to non-GM rice. The data on insect species population densities were subjected to principal component
analysis (PCA) without distinguishing between the three varieties, namely GM, non-GM, and reference cultivar, in all cultivation years. However,
the PCA clearly separated the samples based on the cultivation years. These results suggest that insect species diversities and population
densities during plant cultivation are determined by environmental factors (growing condition and seasons) rather than by genetic factors.
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M A A g Heds WAStA AA 7 e Aol

A3t 2128 P A EA(genetically modified organism; GMO)

GM?ZHE(Genetically modified crops, +HAPAE2HE)S oFA el AAE T3P o, E3] nlo] kg oA A
1994130 443} o] %, A F7]es o83 GMAE AuliH (Cartagena Protocol on Biosafety)E &3l GMO®l tigk =7}
Aol F7kate] 2017'AlE 247000141 189.8 Tt Set=o] o) E] ot S =Rt glov, GMAE Al F73
Aol A A= A om, AA HA FAAL 30%E ARSI ] A el sHE B GMAES] A% Aol 2%

Ak GMAEL 20179S 71202 407] 274 AL d A kgl Ul % 3] FA1A HAL QT (Lee 2017).

213, 87 W2l tigk 5Rlo] o] FolF o, 297) A, 49870 A & H7Hs AEAE TSR Sl tidh A
9 oJHlEo] T3l F<lo] o] Fo ] th(James 2018). GMAHE-2 o7 BAsh= AETHFA(Biodiversity) ZAFS 7|HHO 2 3}
T Aatee] Z71e) T AR Aol whE Al o)} A o, AETFEL EA AeAdA F9 o B2, JE) 59

7t mE 7t A5 S 2 vy 7 3 i HE o]E T A3 BAE BAT= F T4 (Species diversity), 414 A
B3 24T A T Tkg oMol doka g AR W] 34 e A HolAkeS TSk AHE 715E

(James 2018, Lee et al. 2012), GMZHE-2] g o] 83} <A<} BHoZ= A A thFA(Ecosystem diversity) 0.2 UFo] 2tk
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(Choi et al. 2015). Wigtgo] P& 252 Ao thoksn,
Ho] Akg TANA FHOZ 95 AAIBRL YITKPrice 1997).
A Ho] Akze] 27] GAloA 25 Fo sk AR
o B4 HolF= Axolw, 7121 AEiA #skE 243l
%23k 240]tiGullan & Cranston 2005). 25717112 7]%
A sE 8 AR o 87 o8 GMAES A
Agst A Aol Frketa Qe v APt GMAES] 48
35 HeiAs A FEA FH A rAs Gl
g 2 A 87 20 b B7PE 7L YTHOh
et al. 2014, Lee 2017).

9, S} A A 3d F720 W(Oryza sativa L)E
ofAJolo A 2191 F 23k ZHE O] TH(Qin et al. 2009, Lee et
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ZAF Aol tidk A B4 SPSS (23.0.0 for Windows,
Rel.23.0, 2015. Chicago: SPSS )~ A8t p<0.05 o
2 ANOVAS} Duncan test= ko] 194 AHE HA5
o, AFE 259 715 wEE $HE A (dominance index,
DI; McNaugton's dominace index) % 355 2|4 (richness index,
RI; Margalef species richness index), TF¥= A|9(diversity index,
H'; Shannon-Weaver diversity index), 5% *|%*(evenness
index, EIL; Pielou index)E A4FIATHChoi et al. 2015).

Al FF B AP T 5] HstE B tsAl #A5]
Sl HZoll= 2o vtk AR 240 iE 25 Hrksta
T T2 ARk AT Foll E85 L U=(Lee et al. 2017)
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9 A K Ichneumonidae)= 743 A& R AvlFol
A= 7HAIA P ZH Agelenidae) 2 7457 7| K Salticidae)7} 2017
el tha F71eF AS BYoH, 718 AvlFe s A
& VERSITE a5 9 H3e A g 71EF 25-FolAE 2016
Woll= 113 147270407, 2017300 123 1,48570A017F A
o] Hl=3 WAFS Bk I FollA A H7KChrysomelidae)
9} 273K Culicidae)= 20163 KT} 201730 7423 AL,

&2H = 3K Helodidae), HH7] 2K Curculionidae), THe] 8]
IHDolichopodidae) ¥ E7}3}2] 3 Ephydridac) 5S> 57}
Sk AeS RYT) o]9} o] Aukx o2 2017 9] 20161 ETH
H% gl A o] whAlgko] STYslgl om, 2AL Wk m} 25F
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Table 1. Total sum number of common plant dwelling non-target insects and arachnids captured using vacuum suction at fields planted
with three different genotypes of rices at Gunwi, Korea.

Category Order Family 2016 2017
Bt-T* Dongjin-byeo  Ilmi-byeo Bt-T Dongjin-byeo  Ilmi-byeo
Insect pests Orthoptera Tettigoniidae 6 5 8 0 2 4
Acrididae 0 1 1 1 6 3
Thysanoptera Thripidae 0 0 0 122 161 115
Hemiptera Miridae 0 2 3 6 13 5
Berytidae 1 1 0 1 0 0
Lygaeidae 5 3 3 1 2 0
Coreidae 2 1 0 0 1 0
Rhopalidae 1 0 2 1 2 2
Homoptera Cicadellidae 41 34 33 280 345 329
Derbidae 3 0 1 0 0 0
Delphacidae 393 361 429 243 284 313
Aphididae 28 51 42 0 0 0
Coleoptera Chrysomelidae 2 1 2 4 5 12
Curculionidae 11 12 11 7 8 14
Diptera Chloropidae 100 108 92 0 0 0
Lepidoptera Pyralidae 0 1 0 3 5
Noctuidae 0 2 2 0 0
Subtotal 593 583 629 669 834 808
Natural enemies Odonata Coenagrionidae 14 13 6 12 7 6
Hemiptera Saldidae 0 0 0 7 3 1
Nabidae 1 2 3 0 0 0
Anthocoridae 26 18 13 13 14 13
Neuroptera Chrysopidae 2 0 1 1 2 1
Coleoptera Staphylinidae 26 14 17 2 2 6
Coccinellidae 0 0 0 11 6 8
Hymenoptera Eulophidae 59 70 59 192 211 267
Platygastridae 24 27 11 1 2 4
Braconidae 24 27 28 54 71 62
Ichneumonidae 26 21 31 5
Drynidae 3 2 7 0
Araneae Pholcidae 101 91 109 73 76 70
Theridiidae 5 1 5 1 3 8
Linyphiidae 11 10 18 20 20 28
Araneidae 2 0 2 0 2
Tetragnathidae 7 4 8 1
Agelenidae 7 5 5 18 20 36
Pisauridae 2 3 3 1 0 0
Lycosidae 0 0 0 2 3
Oxyopidae 0 1 0 7 4 21
Clubionidae 0 0 0 2 0
Salticidae 2 3 1 23 36 16
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Table 1. Continued

Category Order Family 2016 2007
Bt-T* Dongjin-byeo  Ilmi-byeo Bt-T Dongjin-byeo  Ilmi-byeo
Natural enemies Araneae Ctenidae 0 0 0 0 1 0
Subtotal 342 312 327 448 488 562
Other insects Homoptera Tingidae 0 0 0 0 0 1
Coleoptera Helodidae 6 1 5 25 15 22
Elateridae 4 3 3 1 5 3
Chrysomelidae 68 86 62 20 17 11
Curculionidae 1 2 1 6 20 28
Diptera Culicidae 128 91 97 32 34 48
Empididae 0 4 3 2
Dolichopodidae 9 33 29 41
Syripidae 1 2 0 0 1 1
Phoridae 7 18 16 0 0
Sciomyzidae 9 12 14 10
Chloropidae 271 236 247 219 269 238
Ephydridae 23 15 24 113 124 94
Subtotal 527 472 473 463 524 498
Total 1,462 1,367 1,429 1,580 1,846 1,868

“Insect-resistant genetically modified rice.

Orth%ptera Thysancy@tera

o/

Terrestrial Diptera _ Hemi é:tera
16.0% h

Cicadellidae
- 111%

Adquatic Diptera
q 10.6‘%J

Other insects
31.0%

Insect pests
43.0%

Delﬁ:hacidae
1.2%

Coleoetera
4.3%

Natural enemies
26.0%

,/' Other Homoptera
Aga.g%ae . T 1.3% P

° Coleoetera

Hymenoptera - - /A\\\

_ Lepido tera
5%
“ Coleoetera / Odor‘ljata
Neuroetera Hem ftera

Dlptera

Fig. 1. Occurrences of common plant dwelling non-target insects and arachnids captured using vacuum suction on three different genotypes
of rices.
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B AS37)E 2442 AATL 57t 276t oH, 99 239
MAE DE7F 7P A S71skAEE v e ALY 109
9ol 7Aag A Rt ko g A4 BH(BLT)
oF 78 g duell A ZAANZE AT Bl Atol=
Bol Y ZARAY] YellAe A frejAde] flthFig.
3). 20173 E 5275 H %rrzyli 4rE NATEE
7} Z718 A4S Bylon, 82 11Yo7kA F18E 3, o) Fel =
457} ou AR A&EE AT Yo, 154 Bt
BT}t 51 9 dujy FFol we) 10¢€ 7Y Hol U=S
Hol7|% &tk 20179 =0l = 3i5A34 BtH(Be-T), SXIH
2 A FEE] ZAMAZTE AT BEY Aols Bl
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= Dangjin-byeo
250 limi-byse

No. of insects

Crthoptera T I Hemiptera  Cig i D i Qther Caloaptera Diptera  Lepidaptera

Homoptera
250
nB-T
mDengjin-bysa
200 lImi-pyao
o
k]
&
£ 150
]
g
z
100
U i
Q
Agquatic Diptera Terrestrial Diptera

Fig. 2. Average population densities of insect by rice variety in LMO field. A) Average population densities of insect groups. B) Average
population densities of non-target insect pests. C) Average population densities of natural enemies. D) Average population densities of other
insects. The results shown are the mean+SD, n=3 replicates for each group. Bt-T: insect-resistant genetically modified rice. a: Duncan’s

Multiple Range Test at p<0.05.
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Date

Fig. 3. Seasonal fluctuations of common plant dwelling non-target insects by rice variety. Bt-T: insect-resistant genetically modified rice.

a: Duncan’s Multiple Range Test at p<0.05

Table 2. Analysis of insect diversity in common plant dwelling non-target insect groups and arachnid captured using vacuum suction at
fields planted with three different genotypes of rices at Gunwi, Korea.

Indices Bt-T* Dongjin-byeo Ilmi-byeo
Dominance (DI) 0.23+0.04a" 0.24+0.02a 0.24+0.01a
Richness (RI) 7.52+0.43a 7.66+0.10a 7.57£0.41a
Diversity (H') 3.10+£0.19a 3.08+0.07a 3.09+0.07a
Evenness (EI) 0.78+0.04a 0.774+0.02a 0.78+0.01a

“Insect-resistant genetically modified rice.

*The results shown are the meantSD, n=3 replicates for each group, and Duncan’s Multiple Range Test at p<0.05 within three different genotypes.
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Fig. 4. Score plots of principal components 1 and 2 of the PCA results obtained from data on 54 insects collected at fields planted with
three different genotypes of rice plants in two years, 2016 (A) and 2017 (B). Score (C) and loading plots (D) of principal components
1 and 2 of the PCA results obtained from data on 54 insects collected at fields planted with three different genotypes of rice plants in
two years, 2016 (16) and 2017 (17). The numbers of the loading plots represent the same compounds as for Table 1. GM, insect-resistance
genetically modified rice (Bt-T); DJ, parent cultivar (Dongjin byeo); IM, commercial rice cultivar (Ilmi byeo).
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