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Abstract

This study was done to develop environmental risk assessments and a biosafety guide for
insect-resistant genetically modified rice at a 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-9) resistant to Cnaphalocrocis medinalis and on non-GM rices (Dongjin and Ilmi)
CrossMark were investigated. The Bt-9 event was therefore evaluated under field conditions to detect

click for updates

possible impacts on the above ground insects and spiders. The study compared transgenic

rice and two non-GM reference rices, [lmi and Dongjin, at Gunwi in Southern Korea in
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Effects of insect-resistant genetically modified rice (Bt-9) cultivation on non-target insect diversity

215k gt} E3h GMZE-L 2015 119L 7|Z 0 2 397 2719} EU 287R=0)oll A AR Al 31 HfZo]|
gt 5<lo] o]Folxl om, 2671 2HE, 36370<] o[ Ee| thal 3,418712] 1#A] 5<l0] o] Fol X th(James, 2016).

GMZAE2] 34 AR SH S FoF AR At ofof mbE Aju o] -Golgh, B4t Z7toll g 57 A5 S 5 o
et oz GMA=E N 11 Al HA 9 ABAFET AE] A R S0 A5t Qlth(Lee et al.,
2012; James, 2016). GMZ}=2] 17 o] 837 2 7} Q1A o] Tt 9ol 7He/d-& AP of] ofstarz A A| 2t vat
E2 A= Ao Aget ok e AAE A5 FolH, 5o] =AFr ol b8/ o] A(Cartagena
Protocol on Biosafety) S 53] G-HAH @AY 24 of st =27} 7+ @27} obATal S T sk QLo GMAHE A
H 2] O] s F e vt e A ol B AE AdF ol T IA| FoF R eHdAdof] iRt -2 FES] A7 = A QL
Th(Lee, 2017). ALF717ER] 0] 71574 “s4tE A4t o = B4hE 8 Aol thilsl a4 5o = GMAE9] 7
a9} e A o] F7Fotal QL= THE N GMAFE Q] 8315 QoAM= w73 A2t 1 e Al vl R]= 9
o Tt A= Al e 4-F2] oFA B7E7t QLEITHOh et al., 2014; Lee, 2017).

L, Wt Bl =0 3t % 5 PR Bi(Oryza sativa L.)= OFA oF 2|9 AlgFE0] 4] 0 = 0|86 ¢ 5
Q3+ A2 0]tHOECD, 1999; Qin et al., 2009). T3 3t FUAQ g5z, A4}, thldo] ghf-rlo] gl o o
T, 7714, v e 5 ] 5] o] E]’%;l—?rlé | | 3H A Oﬂook%pg‘ o7 9 O]'Eq T g Hgh S5 =9

C

_E

A Hof gl A4S Ad %@1}‘— 5015}7%‘4'57‘4 Oqobﬂ—?—oT 7]'9}5] GMHE° ] “iol = 2 Qlek = of
A= 20109528 20143712 HAZFA, Al2A A3, 7H A3 GMHE D AHZHE S g 8] 50 ¢hi A
B7HE S A9 Ak o] Fo FA[RE ofA7EA] Sl A= GMAE 2] A A A Q1 Aell= o] Fo] =] A] kAt 8l
(Bae etal., 2012; Oh et al., 2014). | thoFt GMB| o] 72 GMHE] T4 AJul] Alof] 2 5= S5 oFAF 9 2=A)
H|wof| ot R 152 Q1O LH(Kim et al., 2010; Bae et al., 2012; Oh et al., 2014; Choi et al., 2015), 354 F4
o] Tk =9 dfl=0] vy ZAF I BAo] et oIt | 11 Fd} Qo)

2 Ao M= BEF Al Bacillus thuringiensis A gt sl 5 A3 -2 eryl14cyE ErlH ol =P AIF
O 22 S Cnaphalocrocis medinalis)©l| tot] %42 Uet = sS4 34 BtH(Lee et al., 2016)2] 2F
7A1517d Bt = T AnlE 2Rt AA 5 Sl Foll Rl A= 9 F7FsH] Sldl oA 3 Bie of Bl
2 AulEE<Q S HE ARt LMO 2ol A 2451 E¢] WW-R-E A <3k Bl 242150 WA Hal T
= B FA5H3 o1, 2 AFE 5ol Ul 7 GMH o] 2H 9ol A H7F AR S AAFERT ofy 2 GMAHE 9
AR XA 2HgAlel 712 AR R AlEsh] fleke] a-3fstaiTt.
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Materials and Methods

2 A7 A= sliEAA BtH(Bt-9, TS Aot 5308 2 S Z 5ot LMO 42] 7] A
n’ 2] WA40F x 105, 4005/15H2)S 36k G © 2 v 2]51th2016d, A8 9], RDA-7}A-2015-049).
-2 28] A B S 7502 St oH, FAIASS] ol E 433 Bte{er dnH 2
X9 FAHE 505 Efloo] 5 9ol hEeh ¥ 6€ 10€ ]l LMO 2 2] 7o A Al5Hint.

6

2% AR EAYE BtH(Bt-9)< drH 2 FXHE oz 472016 79 19)FE 52 AA
(20161 109 9Ly7HA] 25 7HA 0 &2 F: 83]of| A4 AAIshint. Y2 ZF 55 3RHEC 2 351310, s 54
2/ BtH(B-9)2F A rH 2 21 7Ho] A SF-S A Qe st A Bl 7 255 e &2 e E A
P BT 7 A Y AP IANE 25 A BEY] S AR HALE X AS)6l7] fl5he]
AR 55715 AHotlnh AU S e 22 vla 250l ZHE 4= e TS 2R A5 9914
A 714 55 7](Agricultural Backpack 2-Cycle Aspirator, John W. Hock Company) 2 -2 0] 55HHA] 2+ Ag 9]
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Effects of insect-resistant genetically modified rice (Bt-9) cultivation on non-target insect diversity

IRHFE B 25074 Afold 79
Acetate) 2 5515}

AAE L5 w9 5o 2 dF WH K Nilaparvata lugens), 25" B Sogatella furcifera), B Laodelphax
striatellus)2t AN 0| Z(Maiestas dorsalis), ¥l 2ol 0]S(Maiestas oryzae) 52 ti0|S-F2} ¥ oL (Naranga
aenescens)dt U (Sesamia inferens)©] 3 WWR 2 oW1 AN (Nysius plebejus), BHEZ74d e 2 A
(Trigonotylus caelestialium) 5°] L LAY FE FEH LS ES e o2 EFoton, ol sl o

i
Aol
fr

Aoz FFe 7, AHg AHYES Fol o oMAEH o] E(Ethyl

gt A AAEE2(IT] 2h e FRSHT sl HATE ARt 25 VIE 2SR ERS
SATH(Choi et al., 2015). 752 o F<, ML (7 0] Eh), 7|8t LF o= TA| 51| Alsil o,
SNF-2 F(species) oA AT 718 2F-E TH(family) S0l A F3oHth. A H 257 2AFA T}

of thgt FAA EA-2 SPSS (23.0.0 for Windows, Rel.23.0, 2015. Chicago: SPSS Inc.)& ©]-85}9 p<0.05 =2
2 ANOVAA 2fote] ko] f-014d o5& Aokt Tt Y H 259] 7| 5 HE ol 52 S(species)
oA AAT} 71eF ZET-L I(family) 54 = A]4(dominance index, DI; McNaugton's dominace
index) ¥ S5-I A]<(richness index, RI; Margalef species richness index), TFF . | <=(diversity index, H'; Shannon-
Weaver diversity index), 5= A]5*(evenness index, EI; Pielou index)E AAt5I A tH(Choi et al., 2015).

Results and Discussion

20164 7€ 2276 20169 108 =74 oF 10097F 3154 g BtH(B-9)2k A u|# Bl 53195 Afufiel =
ZollM & 8] 24 ATt siF, A Bl Ve 250 7| 5wt AR Bl FASIITE AT 95 433
42437)A1 0] ZE=F7o} An|Frt -G oH, VS TERLE S5 6217709F, AT 52197} 7| e ZEF
351337 2AHE Qi B E 2 S5 A4 Bt (B-9) AHEi Ao A 1,46770A, EEE<Q] duls Az = 1,423
WA 2 A ElEE S XA 1,353707017F 214 =] ATKTable 1).

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 (Continued).

Category Order Family Species Bt-9 [Imi-byeo  Dongjin-byeo
Insect pests Orthoptera Acrididae Oxya chinensis 0 1 1
Tettigoniidae Conocephalus maculatus 7 8 5
Homoptera Delphacidae Nilaparvata lugens 9 2 7
Sogatella furcifera 147 193 171
Laodelphax striatellus 188 227 180
Stenocranus matsumurai 7 7 3
Diostrombus politus 0 1 0
Cicadellidae Nephotettix cincticeps 0 0 1
Muaiestas dorsalis 14 7 20
Macrosteles striifrons 7 14
Maiestas oryzae 11 11 6
Ricaniidae Ricania taeniata 1 0 0
Derbidae Ziczacella hirayamella 0 1 0
Aphidoidea Sitobion avenae 39 42 51
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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 (Continued).

Category Order Family Species Bt-9 [Imi-byeo  Dongjin-byeo
Insect pests Hemiptera Rhopalidae Rhopalus maculatus 0 2 0
Lygaeidae Nysius plebejus 6 3 2
Pachygrontha antennata 0 0 1
Alydidae Riptortus clavatus 1 0 0
Coreidae Cletus punctiger 1 0 1
Miridae Stenodema rubrinervis 0 0 1
Stenodema calcarata 0 1 0
Trigonotylus caelestialium 1 2 1
Berytidae Yemma exilis 0 0 1
Coleoptera Curculionidae Lissorhptrus oryzophillus 12 11 12
Chrysomelidae ~ Oulema oryzae 1 0 1
Oulema erichsoni 0 2 0
Diptera Chloropidae Chlorops oryzae 100 92 108
Lepidoptera Noctuidae Naranga aenescens 2 0 1
Sesamia inferens 0 2 1
Subtotal 554 629 582
Natural Hemiptera Nabidae 3 3 2
enemies Anthocoridae 12 13 18
Neuroptera Chrysopidae 0 1 0
Coleoptera Staphylinidae 16 17 14
Hymenoptera  Eulophidae 87 59 70
Platygastridae 26 11 27
Braconidae 26 28 27
Ichneumonidae 32 31 21
Drynidae 6 7 2
Araneae Theridiidae 3 5 5
Linyphiidae 0 2 0
Araneidae 4 5 1
Tetragnathidae 87 109 91
Agelenidae 1 0 0
Pisauridae 4 3 3
Lycosidae 6 8 4
Clubionidae 0 0 1
Thomisidae 3 1 3
Salticidae 12 18 10
Subtotal 328 321 299
Other insects Homoptera Tingidae 1 1 0
Coleoptera Helodidae 10 5 1
Elateridae 4 2 3
Chrysomelidae 60 62 86
Curculionidae 1 1 2

Korean Journal of Agricultural Science 45(1) March 2018 31



Effects of insect-resistant genetically modified rice (Bt-9) cultivation on non-target insect diversity

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 Species Bt-9 [Imi-byeo  Dongjin-byeo
Other insects Diptera Culicidae 110 97 91
Dolichopodidae 2 4 6
Syrpidae 2 0 2
Phoridae 21 16 18
Sciomyzidae 18 14 12
Sepsidae 1 0 0
Chloropidae 331 247 236
Ephydridae 24 24 15
Subtotal 585 473 472
Total 1467 1423 1353

Bt-9, insect-resistant genetically modified rice.
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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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7)e i £ WA A Bl IE flete] ZAPIZE St ol A, Ve 2o 2 Esto] s E A A4 Bt
(Bt-9) A7} 25 A el ml 2= G B ottt B E A
3543/ BtH(Bt-9)2F ArlH, 5318 e z]ef A= vt o2 WAst o m, A AP E
T AR fo/d-& Ko7 (Stth(Fig. 2).

ZAZ)|ZE B9t Al APl A S Z 0] KL E 62 171} 29%0] Sl Zo] Y 9, AHAH AA| sfjZFel A
DTH7}64.6%2 S-Hot om, o] 5F715.6%, 71EF tu] & 25771 7.6%= ulu|E 25771 77.8%5 A4
SHATE 1 Qo= 12 5 17.0%, S8 85 2.2%, /A= 1.4%, H1F715 1.2%, WH5 0.3%= ZAHE| Ut off
SA T BtH(B-9), G| 2 38 F5 7He) ZF HRE WA oA = BAXH 2 folxt= flolth(Fig. 3). A
A2 F 45 93k 25 Fo 103+e] AnlFr A E QoH, HE 48.5%=2 Ao, AulF 41.0%, LA AHE
5.4%, S HH 5 5.0%, A5 0.1%2] B2 ZAFE oW, siE 43/ BtH(Bt-9), Yu|H 2 538 &F
ko] BAH O R Fofxh= YIATHFig. 4). S A Al L]t 7 ef ZFe] WA AL AT, &35 137
o] o] YA =gl o W, 5ol Syripidae), == 1t2] T Chloropidae), Bl=1}2] 7K Phoridae), Z-A]1t2] 7k Sepsidac)

600 1
uBt-9
= [Imi-byeo
500 1 Dongjin-byeo
0
2
& 400 A
£
-
o
2 300
a
a a T
200 A a
a 1
a a
100 A -
0
Insect pests Natural enemies Other insects Total

The results shown are the mean + SD, n = 3 replicates for each group.
Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05.

Fig. 2. Average population densities of insect groups by rice variety in LMO field.
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The results shown are the mean + SD, n = 3 replicates for each group.
Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05.

Fig. 3. Average population densities of non-target insect pests by rice variety in LMO field.
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o] &xgte |-AutE]F7} 57.1%, E7 E]J—]‘(Ephydrldae) =12 7K Sciomyzidae), “3TH] =] ¥ Dolichopodidae),
27]3(Culicidae)7} EHH Ao F7F 273% 2 & oHE]50] 84.4%=2 HtkrE A5, DAHEAE
15.5%, PIR]= 0.1%5 ZAFE QATh S5 2134 BtH|(Bt-9), Ar|H B 738 570 Ratd 257 DA A

+ SAA f9] Zel= /1t (Fig. 5). ST AH A BtH(Bt-9) & ZEFQ] LrlH et Al EE< S3B oA &5
U5 mRES ARt sl R AAE, Vet TEwe] oist AAH B Aol A SAE foat
o] Z] Attt ole T2 A J}— S5 Bt (Bt-9)7 H23} AjHE-Eo]l Bl woto] 2254 T o] o]l g
Fg A7) Qe A o2 P,
80 1 uBt-9 a
70 - = [imi-byeo
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jg 60 - a z
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<] a
2 40 A T
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The results shown are the mean + SD, n = 3 replicates for each group.
Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05.

Fig. 4. Average population densities of natural enemies by rice variety in LMO field.
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The results shown are the mean + SD, n = 3 replicates for each group.
Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05.

Fig. 5. Average population densities of other insects by soybean variety in LMO field.
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AL/ BtH(Bt-9), LrlB 5l FHE 7<HHH/‘1 off AP A7 25 A Fgell Apol7t =418 24
St Ao R e Al 5 Bl 5= 1-rEi A7 2 5 AL e = S71er e, A A
LA 7 100 718 St o™, 9 23] WAl D=7t 7S 7 S7FF AT vl e A L)l 109 9L ofl A

e B siEAL4d BtH(Bt-9), °“31‘51 1 S8 S0 ZAAZIE At Do Aol HFlo

A ATH(Fig. 6). sS4 BtB|(Bt-9), LulH B FUH oA A5

ks

u, 5 *Wﬂ lﬂoﬂ/ﬂ SAAL FAE2 ¥

FroZhs HolA] ghgtor, wehA siEA /g BtH(Bt-9)7F A1 718
7

e Bt-O

e |IMi-by €0

350 A Dongjin-byeo
300 A
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No. of insects

200 A
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50 A

Kl 7114 7129 8/12 8/26 9/10 9/23 10/9
Date

Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05.

Fig. 6. Seasonal fluctuations of common plant dwelling non-target insects by rice variety.

AYE T3] T LA WA ALY TFOIA SHE LD 2 0313904 2 03492 %4 L
Aoz AR ol APH b 2 W E ARG} ik F02 FAE|o] ek 2 BelFa 9]

o = AFRDE W FFER SSA A BeABr9)2k LrlH Al 2o A 2442 6.023, 6.057& Hof 53
W 40 5.844 H ok g7 A UL O U 7013 2tol& Ho| 2] gtk thF = ZH )= ZF ¥ Ajuf] 227 A
2.770 - 2.7469] Lo 2 FFIF F-o82 gl om, o] A= F TFEE S5 A9 529 °F2.7-4.0 A=
2o Hlofi A= W2 Grol A, B A< —Eﬂ?q Z AR O & AFFE K Choi et al., 2015). T - E 24
(0.313 - 0.349)°]] H] 3 ThF& 2]43(2.746 - 2.770)2 TS 5= A4(EL 0.753 - 0.769)7} =& 7k o 2 BA w0} tf4| A
© & 52 BtH(Bt-9)<} non—GMH% o] ZfuiE LMO A2z of| A vheet % S50l A= NeH, A
A0 ol Al o) 7t 2= & = AU THTable 2). & A oA o] 254 74 +4] A= Choi etal. (2015)
7F B A1 GMH Al A o A ﬂﬁ}%%% f o3 A Al tha 2o & Hol=d| ¥ 2] 27 o] 91k 5-2] A7
231 zpolet LMOA B 27 FH 9] 317 2 700]] oJgh WA= F0] 2ol 9 M3t 7] Q1= Tl L5Af A

A|71€} B4 Foll ot XHX‘EJ H2f o5 52] 2% ZNAI9] Zfololl oA Ut Ao & Atm Hr) E3E,
Bae et al. (2012)7} .13} Protox A1 24 &4 GMHE LMO Z 2] I oA g W& A7 5 non-GMH €} H]
wsto] WA= 2FAE Hwg AFoAE 2FA439 i}°17} 29 2170 ztole] 7]lstH, GMH 2}
non-GMH| Ato] 2] zfo] 7} glrkar shof 12 A3 Autel -2 AH3kS H ¢ th(Bae et al., 2012).
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Table 2. Community analysis of insects in LMO field.

Rice type
Indices
Bt-9 Ilmi-byeo Dongjin-byeo
Dominance (DI) 0.349 + 0.046a 0.344 +0.010a 0.313+£0.028a
Diversity (H') 2.746 +£ 0.017a 2.746 + 0.043a 2.770 + 0.073a
Evenness (EI) 0.753 + 0.006a 0.753 £0.010a 0.769 + 0.016a
Richness (RI) 6.023 + 0.164a 6.057 £ 0.135a 5.844 +£0.183a

Values are the Mean + SD of triplicate measures.
Bt-9, insect-resistant genetically modified rice.
a: Duncan’s Multiple Range Test at p < 0.05 within category.

Conclusion

2 AT ES Al B. thuringiensis A el sS4/ 702K cryldeyE LriBoll =dAIH o 2H &
YU (Cnaphalocrocis medinalis)©l thote] A& U= sllE A d BtH(Bt-9)2] 24 2151/ H7}ef theh

22 o slo|Eetele AUSH L s et. ARSI LMO A2 EHoIA FHEATA BA(BLo)st B
F51 Qu)s) WA FF S Alek, 99719 28 G 717 B AvR S BT S
U5 RATFE AT VIEA TR S 2ARAT. 21T B AR AATL 71582 A
2 ANFE Ve BFRO2 2 TRt ASSHAC ], F 9% 4374424347 AU ek, 24P AT
Q2 5, 71e 0] IS oA BOABLOP B EE QoIS ANESS B0l B

75|
Al FoJazt o H, A7E 215 T ol M e FAA Q] 2] 2] Zpol & HolA] et A H 25742
T4 A Ao A e oEA 3 BtH (Bt-9)2t non-GMH 9] - & (DI), T8 F=(RI), HFE(H), 5 =(EI)
A7 EA QL G-012] 2lo] 71 il o™, ThFE 2| 4(2.746 - 2.770)9} w55 A15(0.753 - 0.769) 2] Zho] =7 &
A %] o] 5154 2 BtH(Bt-9)2t non-GMH o] Al LMO Z 2] ZAof| A thefet 25 F5o] A = A HA]
4-0] o] Q1 zto]7} QIS eIttt 2xA o &, siSA T 82 erylde)7t =4 Si5A 7 BtH
(Bt-9)2] Aufioll oIt S T BALSS A QIS v 2] 25 7o DAY Lo P2 HEFT dr|H et A
H] E-EQ1 T e} 2o 7 gl A 0 & FALE QI
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