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Abstract

Environmental risk assessment of living modified (LM) crops is essential for their cultivation.
In this study, we cultivated B-carotene enhanced transgenic soybean (LM soybean) and non-
LM soybean (Gwangan) in living modified organism (LMO) isolated fields, and investigated
changes in the insect fauna using three types of collection methods for three years. In
total, 331,483 individual insects and arachnids, representing 82 families in 14 orders, were
captured during the study. Totals of 166,518 and 164,965 individual insects and arachnids
were collected from LM soybean and Gwangan, respectively. Throughout the study, although
there were differences between the investigation year, region, and methods, there were no
significant differences between the population densities of insect pests, natural enemies, and
other insects on LM soybean and non-LM soybean. Also, there were no statistically significant
differences between varieties in the results of the species diversity analysis. The data on insect
species population densities were subjected to multidimensional scaling (MDS), which did not
distinguish between the two varieties, LM soybean and the non-LM soybean, in all cultivated
fields. However, the results of the MDS analysis were completely divided into six groups based
on the yearly survey areas. These results provided the insect diversity for an environmental
risk assessment of LM soybean and suggested that the guideline could be useful to detect LM
crops.
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Introduction
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FA ZAgo] ojgole}t 4t o] Z2 AF-Eof 2 S 5kl QTHTomkins, 2001). whekA] o] 2]t B1t3-2] H|EFT]
A A BA|E sl ASELAF Mlwt(Erwiniauredovora)Ol| A 321 carotene desaturase (Crtl) - AFe} =41 5to]| A 524
% phytoene synthase (Psy) f-3AHE @ A7A2sto] B SAke] 2 E 3= S7HAZ] LMB(Golden Rice)7} Al
Al 2| 22 7] A THYe et al., 2000). =3 Lol A T2 538 3135 (Capsicum annuum cv. Nockwang)2] Psy -1 212k
Crtl RS Gat ol FAHEcto] HiePIEE TaF2 SXAIZ] HlEZI=E AJ/dHHIEFTIA 73y} 7)
e 21THHa et al., 2010). | Zoll= = Ul AHHIE-E 521 382H(Glycine max L. ov. Gwangan)& 2FE 282 A 50
291 B-conglycinin promoter®}t Psy -3 219t Crtl SRS £QI35H HIEMIA 73513 0] 7=l o, HIEFTIA 73t
2 7H2E| o] & ghefo] gzl vlsl oF 62ul|7F 57He A 2 2 YERGTHKim etal.,, 2012a).

LMZ}=(genetically modified crops)> 1994 LMEIIEZ} A A 0 2 z|jujH o] ZHA|AH o2 aljul =7}t
HZlo] 2|44 02 F7}skal Tt ISAAA (International Service for the Acquisition of Agri-biotech Applications)2] 2t
ol 2™, 2019 LMZAME-2] ZHuiH A2 19 9,040%F ha2, 1996 7] 1799t haol| A 1128 271513100, E35]
A T2 A WA 2] 50% 9,1908F haS 2FA|SHIL QITHISAAA, 2020). 1997H M3 X 447} /<5t
EHA LMZAFE2] 7HE 2 A sk 25| Z715FaL Q1 O H(KRIBB, 2019), A oA=& A4 Z Q] 2402
LMZF= Zuli7} o] Fo{ 2| 2L QLA kAt QLo MAtEof| thigt A7l 23] F7Fskal ATHCho et al., 2020).
J84 LMAES] 3 o] & H2 AlE0] LMAE©] QIA|9F 2Hof] m]X]= flsi/dell tisl %2& FEstal gle
H(Choi and Kim, 2022b), 2= ti=71 Q1A ZAMIM = FAAPHG2E 0] 2ol fld4loltt 2k /14 o] 45.4%
=, g flsl/gdoll thgt 227} o] 3] =2 W o = YEFGTHKBCH, 2020). ©] 212t -2 ol thsl] =ujol| Al =LM2}
20| ol W2 A U A= ool vl 4= = Yol thish 2 sl H7HE =385kl Atk(Lee and
Suh, 2011). JETHLE S ol FIL U= T2 AeiA] 7|2 TeloH QIztat AejA| 2] = FAA7 = 44
Q1 AFdo|th(Park et al.,, 2018). L 5 53| 2232 AYE|A| Ho|AR&ol A AEjAIS] EAS UERE S8 Y]
Ao, 225 F2| 7/ Wish= 712 Q1 AeiA o] ®igtE mhote 4= Q| dllst= F 2.3 /9 8 40| th(Gullan and
Cranston, 2005). YRFA O 2 LFA4; ZAR SQtRALeL 10| EqY fob5 22 ERY 5 25 Efy}, 257
ZAL S TS PH 0 2 o] 202 AL Rl O H(Borror et al., 1989; Kim et al., 2012b; Park et al., 2018), ZAF 2F=0] Lt 3l
% 5 FA 2ol et AEsh iR S et o =4 ZAL 882 Y 4 UTh

ol A 7idE LMAE-2 H| B4 =50l thet 9, 25742 §13t 5 & 9ls Aol thgh ohedst 2] ¢F
/43571 A7 3= QO (Kim et al., 2010; Oh et al., 2011; 2012; 2014; Choi et al., 2015; Amin et al., 2020a; 2020b;
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Kim et al., 2020; Oh et al., 2020a), H|E}IE 35tg2t T=H B 15T THLee et al., 2011a; 2011b; Oh et al., 2016;
2017), HIEkRIA BIE BIE PRI He A BoIAS) T34 2AL A AT B TElo] Y Oh et
ol 20200), ZAP71Zb] 1ol o, A 8 20| SRR o] S5t0] T B2 ZALIZIT} o] HaF Ao
2 o Qi) weba] 2 Atol A= HﬂEV t2 8 Zaks it B3-SR Feta-2 LMO 42| 27gol| A Ajujs 31zt
M 712 ZAPPHETO| 2, Y §57], 89 2ANS o] Soto] REAe] WSS v RGO, ol

U AT AL FA LMES AN WIS 9572 ARE BEY 4 U O WU,

Materials and Methods

Xl F=

T AupR| o] LF ZAFE Il 20181 FE] 202018 712] 30l A HERIE2H Zat-gat BEEQ0 Pt
Eoishu 79 LMO 28] (35 79, RDA-7FA-2015-049) 1 =3 =4 vkshed A3 LMo A 2| &
Al, RDA-7}AB-2013-041)°| A ZF Z25HE 24 m’ (8 m X 3 m)< H¥ 382 0 2 vl X|(72 m*)5lo] AHHEF
AAER] HElZ L2 E 7ZJska 1 FFE-2 50084 505 Eo]of 20184 6 15Y, 20199 62 3, 2020 6¢ 3
of] 55k £ 2018 7€ 3, 2019 6 259, 2020% 6% 230l LMO A 8|24 o] ZF 5 2 30054 F A5}
o}, 9] A2 522053 9] SAE TS 7102 51]ich
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o2 /878718 102) 7 & 27108 72714 25 THACE F 58]0l A AAlsklon, 9 LMO 4
2 T Ao A= 8 16YHE] 10Y 129717 23 7+ 0 82 Z 53]of Ax] AAISHTE 2019 = A3 LMO A=
ol A= 8Y 9UFE 10€ 4U7HA] 25 2HA 0 &2 F 530 X AA|SH o, 79] LMO A 2|20l =8Y 6
LRE 108 19714] 27 HAH 0 =2 F 53]0fl 23] LA 20209 = 735 LMO A2 23l A= 8 5L FE
98 29977 25 HA 02 F 58]of| AA AAISIA oM, 9] LMO A2| 2ol A= 8d 5L FH 98 299714] 2
F7HH 0 & F 58]0 AX AAISIT) 25 A2 ZF ETEE 3RS 353l o, S| Ejla Aflzl 4]
£37], 3 4 AFHE 58l 252 AT 0| EfY(Yellow sticky trap, 350 X 250 mm’, Greenagrotech,
Gyeongsan, Korea)= 7} A 17§42 ZAF tiAdQ] FETE 30 cm &2 Y x]ol] A x|5toq 2527 255 2% 5}
o] g5tk 2HH ool el z|Ho] g2 H YRS 5 5 4 Aot §5712
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o] z
o] &Rt A= Hl& {’_L%E A 4 Qe AEGE FARE A5 990X 9] A4 F57](Agricultural Backpack
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2-Cycle Aspirator, John W. Hock Company, Gainesville, USA)Z Z} ZA} 715 Y15 o] FoHHA] Ag o] st #
AE &= A o= FFoto] ARSI iH’é‘% %%%% A o] ol of|HoA|Eo| ER AFF xmo}oﬂr,} 0]
AHE B 2Abs ZH AT AHIF T A FARZ 5044 AFsto] Aol G2 H, YeET £, o
1 HHE QA AXEn 17;;'(01ympus SXZ 16, Olympus Co., Tokyo, Japan) 2.2 &}Q15}0] X/\]—6]-°41:]— = ZA}
= olE, AE, Ve 25 e R V|eEE R Y HHo}giE} A E Z2So o] sjxoz oA 1
dAF, SANEEF, W, Soli 5= 25 AR, 7184, ZAY 25 U Av|Frt 23 dHie s
ERoklth ATt s A2t 2552 7IE JZ—%%QE Bslglon s E7S E(species) 70l A]
A 1} 71 eprE- 7= Tfamily) FollA 4 staL A4ttt
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EJ 2M

(=2 | ey |

S0] ZAF B Ao thet EA] X]2] 2 242 SPSS (26.0.0 for Windows, Rel.26.0, 2019. Chicago: SPSS
Inc.)E AHES1O] p < 0.05 522 ANOVAL} Tukey's honestly significant 747 2.2 7o) 3-2]4] R E HA
SR, 7] ewtE 2 FH T A| 4 (richness index, RI; Margalef species richness index), %7 A|4>(dominance index,
DI; McNaugton's dominace index), w5 A|4™(evenness index, EI; Pielou index) 2! TFYF= Z|4(diversity index, H';
Shannon-Weaver diversity index) S A4+ THChoi et al.,, 2015). 3} F0] EZof w2 ZARR| S U 2ju A|7]2]
A HsHE 24517 95| thakd 2] & 24 (multidimensional scaling, MDS)= A A|51%1. 2™, Table 19] At 525
o]-&5}o] Euclidean distance 2 A|ZH =5 2Hd5ko] v EAI51%]c}

A 25

Table 1. Total number of common plant-dwelling non-target insects and arachnids captured in two fields
planted with two different genotypes of soybeans at Gunwi and Jeonju, Korea, in 2018 - 2020. (continued)

. Gunwi Jeonju

Category Order Family Total W Bcarotene Gw Bcaroten’
Insect pests Orthoptera Acrididae 8 5 2 1 0
Occanthidae 1 0 0 1 0
Pyrgomorphidae 33 0 0 17 16

Tettigoniidae 9 3 3 2 1

Thysanoptera ~ Thripidae 190,483 40,970 40,415 62,459 46,639
Hemiptera Alydidae 903 171 160 317 255
Berytidae 2,967 442 438 1,108 979

Coreidae 10 1 1 6 2

Lygaeidae 1,850 372 382 573 523

Miridae 999 111 99 395 394

Pentatomidae 366 87 67 130 82

Rhopalidae 13 4 1 5 3

Homoptera Aleyrodidae 12,104 1,218 1,212 4,909 4,765
Aphididae 5,598 1,125 937 2,020 1,516

Cicadellidae 4,000 907 731 1,442 920

Derbidae 24 7 10 7 0

Flatidae 13 2 3 4 4

Ricaniidae 329 153 118 4 14

Coleoptera Apionidae 20 4 9 5 2
Bruchidae 414 87 159 129 39
Chrysomelidae 2,134 368 312 782 672

Diptera Agromyzidae 36 14 11 5 6
Platystomatidae 1,408 393 415 380 220

Lepidoptera Crambidae 129 18 21 51 39
Geometridae 21 3 7 9 2

Noctuidae 149 81 33 25 10

Tortricidae 121 38 33 30 20

Prostigmata Tetranychidae 4,729 30 29 2436 2,234
Subtotal 228871 46,614 45,608 77,292 59,357
Natural enemies Odonata Coenagrionidae 69 22 40 3 4
Thysanoptera  Acolothripidae 48 4 3 19 22
Hemiptera Anthocoridae 1,623 468 362 384 409
Nabidae 16 3 7 3 3

Neuroptera Chrysopidae 262 24 30 108 100
Coleoptera Coccinellidae 437 94 97 117 129
Staphylinidae 142 40 50 30 22

Diptera Pipunculidae 114 67 41 4 2
Tachinidae 1,031 481 431 46 73
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Table 1. Total number of common plant-dwelling non-target insects and arachnids captured in two fields

planted with two different genotypes of soybeans at Gunwi and Jeonju, Korea, in 2018 - 2020.

. Gunwi Jeonju
Category Order Family Total GW [B-carotene” GW [B-carotene”
Natural enemies Hymenoptera ~ Braconidae 2,344 681 660 484 519
Chalcididae 67 23 13 10 21
Eulophidae 45,822 4,907 s 16,501 19,970
Ichneumonidae 410 74 57 145 134
Scelionidae 547 188 140 115 104
Araneae Araneidae 205 62 22 57 64
Clubionidae 14 5 7 1 1
Linyphiidae 13 5 2 2 4
Oxyopidae 11 3 1 3 4
Salticidae 161 20 27 46 68
Scytodidae 3 0 0 1 2
Tetragnathidae 624 118 143 180 183
Theridiidae 590 122 153 140 175
Thomisidae 175 31 42 59 43
Subtotal 54,728 7442 6,772 18,458 22,056
Other insects Collembola Entomobryidae 937 360 551 14 12
Pscoptera Psocidae 24 12 10 0 2
Hemiptera Lygaeidae 41 13 13 5 10
Miridae 385 140 144 A+ 57
Tingidae 17 9 4 2 2
Homoptera Cicadellidae 11,023 1,890 1,882 3818 3433
Delphacidae 1,361 457 414 430 510
Membracidae 7 3 0 2 2
Psyllidae 2,087 238 394 633 822
Neuroptera Hemerobiidae 4 0 0 3 1
Coleoptera Chrysomelidae 396 142 124 64 66
Curculionidae 125 17 20 58 30
Elateridae 23 6 10 0 7
Latridiidae 1,448 259 272 466 451
Diptera Anthomyiidae 197 85 91 8 13
Calliphoridae 423 197 146 38 42
Celyphidae 15 11 2 1 1
Chironomidae 1,477 511 355 321 290
Chloropidae 5,568 1,763 1,832 869 1,104
Dolichopodidae 528 197 166 91 74
Empididae 259 34 26 94 105
Ephydridae 998 188 184 318 308
Lauxaniidae 529 179 181 81 88
Muscidae 861 322 288 138 113
Mycetophilidae 369 66 88 118 97
Platystomatidae 27 6 8 6 7
Psychodidae 33,740 2,200 1,680 14,188 15,672
Sarcophagidae 347 106 170 42 29
Sciomyzidae 341 109 80 82 70
Sepsidae 37 12 19 3 3
Stratiomyidae 33 10 11 6 6
Syrphidae 182 67 49 32 34
Tabanidae 17 7 4 3 3
Ulidiidae 15 9 5 1 0
Hymenoptera ~ Vespidae 85 33 16 19 17
Lepidoptera Pieridae 16 5 1 6 4
Subtotal 64,442 9,663 9,240 22,054 23,485
Total 331483 63,719 61,620 101,246 104,898
¥ Non-LM Gwangan.
* Genetically modified soybean.

Korean Journal of Agricultural Science 49(4) December 2022

723



Influence of B-carotene enhanced transgenic soybean cultivation on the diversity of non-target arthropods in Korea for three years

Results and Discussion

ZEF U 3

A3 9 7-9] LMO 22| 3270l 4] 2018 dHE 2020187}12] 318 51F 5-2] /47| HE 557|712 Helzt 29 7
St B EERQ1 GRtF-S Aush oA AR F 530l A HE 25 L Av|FE shF} HH, 7]ek
L5 5 715 E HAARS vl BASIGITE ALY 145 823} 3314837041 9] LE-Fek A Frt A
o 7| sFHE = SIS 85 283 228, 87170A, A At 85 233} 54,7287 A, 71EF 5 95 361} 64,44270 4]

ChTable 1). 22 2= HelZt 28 ZJaH2ollA 166,51871A), BHE 2l A] o)l A 164,96571A17F 2]
HE = 79 125339704, 1 206,14470 4| = ol A €50] =2 AU EE Bt 7| s HE
o] Lol A 261 92,2227]A], =0l A 283 136,6497HA|7F ZALE] o™, 3 LMO Z |27 0] 79
LMO 22|71} s 5-0] Whgsfo] 1,581 = =94ttt 53], Y-S0 Tk(Tetranychidae)2t 7F0| 2 Aleyrodidae), 4!
L A2 Tk (Berytidae)”t 7212t Hlwsto] Z Zpo] & Hol ot FE7Nulu]F T Ricaniidae)= w917+ Y TFo] Bk
o} A2 FQollA 223} 1421470, HF0| A 233} 40,51470 41 7F ZAFE] 121, ZH Th(Eulopidae)”F 9] ol
H|3lf Aol A D53] =2 WS H o, 22| F(Odonata) 2t o] H(Diptera)> 7917} B =34t 7|8F
F2 FRlollA] 352 18,90370A], =0l A 363} 45,5397 A7 ZAFE R AL, 9]0l H]Sko] ZdS=ol| A Lttt
(Psychodidae), T 1] S TH(Cicadellidae), L-7-0] ZH(Psyllidae)7} & Bro] EHAY5H 11, & & 7] Z(Collembola)2} = 2| =
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FZHHBNE occidentalis) S E o= 220 2l =(Thysanoptera)?] BHAYEF0] 53.1%2 22 A5t ths
© 2 7}2o]KAleyrodidae), 21 R-=2H Aphididae) 5-2] THP]|E(Homoptera)©] 6.3%, Al = 2} Tk(Berytidae), 71=2
ZH2HLygaeidae) 52 = A= (Hemiptera)©] 2.1%2] WS EJATHFig. 1). HEFo| TEFS ot = +
A7kl = FAIAR] 2tol & BAATH HeZt =Y Zeta i) Poty 1he] EFH 2= FAA f-oxb= YE
UrA] eEQkth(Fig, 2). Aol A= S 3t 1% (Braconidae) 5 H = (Hymenoptera)©| 14.8%2 7 45t 2
™, ZHA 0] Tk Tetragnathidae), 2294 1] 2K Theridiidae) 52| 710]&(Araneae)”| 0.5%, 2= A (Anthocoridae), 24
7] = Al (Nabidae)7} ZESHE =3 A =(Hemiptera)©] 0.5%= H|5=$F 450 2 QHAHSIATHFig. 1). & wtol| A = 3
S} ol Hept2d Z3kzat getEe] FE1te] SAA foAE HolR] ton, Al A Htel= 2t
o]7} e o2 A E| U th(Fig. 2). 718F 2ol A= W ake] th(Psychodidac ), =2 1t2] ZH(Chloropidac), Z-
kL 2h(Chironomidae) 5-9] T}2] Z(Diptera)©] 13.9%2 714 o] WAste] o m, ufju| &2 Cicadellidae), LU0}
(Psyllidae), & HDelphacidae) 5-2] THU]5(Homoptera)©] 4.5%, A1 2| 2k(latridiidae), U 2| 2HChrysomelidae) 5
o] e Z(Coleoptera)©] 0.6% =22 B35 THFig. 1). 7|EF EEwol| A= 2| Woll A F57te] A2
FoxbE HolA] ehgtout), el 9] AHIA Y The] Xpol= F-2)5k i thFig. 2). =g RAZ|ZE Sk A E A
A 257 WY ANA ol M = ek 9] AEA| S 7ke] xlol= BN HleptE Y AetE ) Fotae] FF
2 SAIA Q] o 3bE HolA| 2t th(Fig. 2).
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Fig. 1. Occurrences of common plant dwelling non-target insects and arachnids captured on two different
genotypes of soybeans at Gunwi and Jeonju, Korea in 2018 - 2020.
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Gunwi  Jeonju Gunwi  Jeonju Gunwi  Jeonju Gunwi Jeonju
Insect pests Matural enemies Other insects Total

Fig. 2. Average population densities in common plant-dwelling non-target insects and arachnid captured on
two different genotypes of soybeans at Gunwi and Jeonju, Korea in 2018 - 2020. The results shown are the
mean £ SD, n = 3 replicates for each group. (3 -carotene, genetically modified soybean. a, b: Tukey honestly
significant difference (Tukey HSD) at p < 0.05.
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Pal== i
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2018'AHE] 20208712] 3 5k 9|2} HFA| Fol|A A2 JLEs o] BASH A} F 2AF 2| of|A] BE
2019510 7P w2 2550 WY THTable 2). 3152 9] Aol A] 20180l SAE | Eo] = EF 25
of 80.6%2 M3t .o, thu] & 10.8%, A= 4.4%, T HHECLHE 2.0%, HEFIZE 8k 2.3%), ot
2 E5CYRE 1.3%, HIEFIRE Z3HE 14%) ¢ 02 EAY5IelTt 20181 X A oA = Fad e &o] getF ol
70.6%, HEF7F=E 7335kgoll 67.6%2 5t oM, ulu| 5 RtE 18.8%, HIEFIEH 3HE 19.9%), A&
(HAZ 7.9%, HEFERE 38Hg 9.5%), DR S AE 1.7%, HEPIRE 3k 2.1%) w02 Aste], &
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>~

Lo} vl sl LAY vlgo A xfol= thas QUATH Y P2 fAFSE AakE Bick 20199 9] A|GollM= F
| =o] L 90.0%, HIEFIZH H3H 92.2%2 43513 oH, nfu]2GdetE 7.2%, HERI=E Jak2
5.6%), =S RIE 1.7%, HIEFFEE B3 1.4%) 2 & Aot siEwtoll A x| 50] 20180 H]
3l 12% o T7He =2 Aol BT 20199 M A H = Fade|So] Pk 83.5%, HIEI=E Z3HE
83.0%= 7Hd 5t o, i n] F(EetE 11.9%, HIEF 2| Z3hE 12.8%), = AE(EREE 2.1%, HIEF 2 E
335 2.0%) <0 = WSt EE3E, 20191 9] 2| Qof| H]sl] 2 2|2 2] ZollF A H] &0l 1%E He 5 A
o 7ke] Afol & BT} 20201 ] Aol A= 20192 F-AFSHA] S8 E0] Z9HE 91.7% HIEF = E 733}
T 91.5%= Asto] afFte] TS WA Hl&-2 Bol o, miu]| S (ERHE 4.7%, HIEP T2 E 2433 4.0%), =
AR 1.8%, HIEFF2E 3Hg 2.2%), 52 5082 1.4%, HIEPIEE 43 1.6%) 2= TAYstich
2020 = R ol A= A E0] 3ZREF 79.2%, HIETRE Z5HE 80.4% 2.2 9513l o, -Sol (32t
= 10.8%, HIEFI2E Z3HS 10.9%), tH0]5-(Z9HE 6.2%, HIEFTZE 5k 4.8%), = A= 1.9% +0 &2 Y
stof, 245 2] 9] 2019 0l] A H -SofFoll vlah 7HAlet 2 vl&o] o S71a2 SR1= et 912 24 2
I S Fte] WA W= 2AF A 9 RAF AETRO] Xpo) 7} ThA 9l ot gotE It e R | EtE o] £5
AR 72]/d2 Hol A= U3 THTable 2).
ZAL A= WA A BA A1) 2018 9] Aol A o] FREE 79.2% HEFIEE B3t 76.8%= %
O & A EI} o] &, SOl 77 fAFSH Y vlg & UERGTE 20184 S A JofA = HE
0] 96.1%= -5t 2™, 2018\ 9] Aol v]sl} A& -o] LAY Hl-& 2] th-=-2 XFA|5HAT. 20199 9] A
ol A= EZo] YHT 82.1%, HIEFIZE 513 83.8%2 245t o, uha] 23+ 8.0%, HIEF =2 73t
= 7.4%), LA ANECLRES 4.7%, HIEF 2 Z3HE 4.0%), 2ol 52 3.5%, HIEF 28 43k 2.8%) &0 2
]9l 2019 3 A Jof| A= HE 0] FOHE 93.8%, HIEF 2 E 4o 92.4%2 2 7451%1.0m, 2018 A
F A3} S LA 45kt 202018 9] A ol = HE0] FREF 67.0%, HIEFIEE 8t 61.1%% 4
SO, e HARE (GO 10.4%, HIEFFRE Z3HE 9.7%) 2} 2ol 7GR 9.0%, HIEFFZE 8k 15.7%)7F
A o] vlsl ohas S7He EAY vl&-S BRIk T3k, A& (Odonata)°] 359 254 S7 ot A =
BT} 20201 5 2| ol A= HEo| PRtF 84.8%, HIEI=E F3tg 92.9%= Aot o, Al 5} o
e 5ol ol H|sf tha 7ot RAF AEZE 2ol S BT o] x| A e 5 W An|Fe= A Y
ZAF AE7he] 2ol = Qlot FE7ke] S5k 2fol= Ho| A (kAT 20201 9] A 2] ] Hof| A 5A
A foldE Bl ot 20183 201900 = BAIAQI R 27t §lSiT. ol = HIERIEE Z3tFo] H&wte] &
Ay Ao Bl ol A Ql YIS nA|A] 2 A O & HWTHETHTable 2).
3ATE AR 718 252 20181 9] Aol A mhel=o] FRbE 66.1%, HIE IR AohE 63.4%= 24
stlo, miulSCdets 26.5%, HIEFHRE F3H3 27.7%), HEHHS(E1E 4.8%, HEFIEE B9hs 5.5%),
AN ST 2.3%, HIEFFRE Z35HE 3.0%) 02 TS At 2018E A A Hol|Al= mhe]Eo] PtF
62.6%, HIEF 2 E 35 684%2 453 o, vliu| S (RbE 33.1%, HIEFFRE 2313 27.6%), S H %
(FLT 4.2%, HIEFRE Z3HE 3.9%) 02 WAgstgl o, 9jof| H|al elzjEe] Wxr}t d=Is] Yol A
A 7ke] Zpo| & H Tt 2019 9] Aol A= mh2] 5ol FtF 64.6%, HIEFFEE 43k 60.0%% F-55H3
o, minl &GRS 19.7%, HIEFFEE 3k 20.1%), SE715(8%H3 9.2%, HIEP I 4315 14.4%), 94d
SRS 4.9%, HIE T2 E 73315 4.8%) <0 2 WS FEdh, Hd Eol| A= AgstA] ot EE7| 5]
AR5 S7Fote] ZAF A7te] 2to] & HQIT) 2019 5 2| <ol = mhe]|Eo] Pt 88.2%, HEFF=HE 735t
T 88.6%% 2018} T 7|Ef 25wte] WAERe] T2 AFAISH o, uijn] 52 EetFE 10.2% HIEF IR
385 9.9%= Hd & thH] ThA Wol ZhAgH 71 0 2 Uelsit 20201 9] 9j o 5 F 2| HFof|A] o] A
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01990l H]3 >3 ] Eo] WAy ] &o] FAASHA rAsta vhu] 52 3715HE SIS 9] A<
BRtF oAM= ] &0l 53.5%, Fu] o] 41.2%, HIERF=E Z4akaollA] mju]&o] 49.6%, T2]50] 45.7%2] WAy
1 =5 2t Aol ahe) 5ol FokF 51.0%, HIEFIEE Z3Ha0] 594%= 2 453l o, mijn]&o]
QFZoll Al 42.8%, HIEF R E ZF8HE ol 4] 36.6%2] 'HAY Hl&-2 H AT} 7|ef 250] A oA x| ¢ =
A=7e] 2ol = AR ot FF 1] FEigh 2ol = Hol x| gt oheh 2018'd 7} 20201 H0ll= 7 2] Y514
2ot € B 5 E 7] THEntomobryidae)7 | 01442 0 & ol WAYste] 201918 9] A Jol|A EET|HoA FF 7]
A fodS B]loh 22, 20199 A A oM = EEZ| FollA FF 1F] A F2x7t gle AL &
Axlo] HepZt =" eta o] EE7| 5 WAy Wiro 585 Y2 v A| 2 A o 2 T TH(Table 2).
3 Rlet MR 9] PeotE W HEIRY 730l ST/ A5 TH(Table 3). P =A==
Jof| A 0.555 - 0.773, 0N A 0469 - 0.624 2 w90l A ThA: =2 A5 B0 2020 0f|A] F X 25 =
QHEE Hole 5 ZAF Ak 7ho] Afo| = Bt TJ2iu}, BEE0] Potgat Hlelt2 e Zshae] 257 &4
A Fo/d-2 Hol 7] oigith = 2|47t =4 U2 o] f 2= T =2 i =7t o2 ol H]sl Hol A3
=] 7] wiEo|gtar W] Qleh thoF e 2| 4= 9]0l A] 1.809 - 2.394, Aol 4] 2,025 - 2.183 2 AF7}F A9 H}
Eoron, & Ao B 20180l 7MY =2 TFYE A5 Bt o] AL Aol wha} o A4l = Xfo]
£ E3lou, FetEat vieppt=d 43k 1he] 55 o2 HolA] it #5= A4 24 A3t 9] A]
Aol A= 0.430 - 0.572, HF 2|20l A 0.482 - 0.5452 LFERG O m, 20180l 917t o E3kout 202010l A
7t =okR= 5 RAF A W ZAF AR & Xfo| & Bt TR E A 4ol A 9] 2|92 7.039 - 7.504%1 2
o, 3= 5493 - 80772 EA =%l oM, E3], FE= 20181} 2019W 71| H]S:5F R 4~5 82|51t} 20201 of] &
7tel= A3 Btk meba & ohA2 RAF A3 2AF A Thof] et 2po] & B[R FY ZAAE 2
A1 Holl A Fetzat velrt 2 ZFakae] 8 S35k xtol= Ho|A| gol, Helzt =" Z3lzo] AfulA] W
9] 2% Tl 5 FFE PR A e A o2 wekEr

mﬂ

-

A

ol Ol{ﬂ g"r‘ - O.\:_.
flo 4

=

A 2FH & w59 S o]&oto] AHE 25 L Au|Fol tigh A1
237G ZA ol wh2 24 Axf Ao ESYE 0] 851l ufe] 7h
A 7ol ZA12] 90.9% = 7 =3 F7.5%)2t & A AH T BE(1.6%) ©o & XY=
ATH(Table 4).

FAAo| ERYE o] gl ZARSHS w, 79] X2 9] 5ol A= F2"H 2l E(Thysanoptera)©] &<+3-0llA]
89.9%, HIEFF2E ZFataollA] 90.5%=2 274513 o, & Lol A= M E(Hymenoptera)©] 33<HE0l 4] 80.3%, H
etz E 7250l A 80.1%2 45Tt 7|El L&l A= 12| S (Diptera)©] FF3olA 69.0%, HIEIZE
Zatgoll A 64.7%= A5F0 oM, th2 0 & nfju]E(Homoptera)©] 4FEollA] 24.5%, HIEFZFZE 73313 0f| A
28.7% AYSFRATE. A A ol M & 2 H 250 WA Fdol 29 A G} FARHITE sl E ol A= S e
Ho] FotFoj|A] 884%, HIEFIZE 733130l A 88.5%2 245130, & Fof| A= HEo] 3Bkl A 954%,
HEPI2E Z8tEol| A 95.6%2 45Tt 7|ef &0 A& mhalFo] FbFolA 77.3%, HEFI=E 733}
ollA] 79.6%= 93t o, T2 2 ufju|Eo] gRkFollA] 21.0%, HIEF IR E skl Al 18.9%2 Y51
o} 5 A9 25 a5 9 d Aol A= PtE ot vlelr L2 ' 43k ko] A4 Q1 -2 3= Bol x| gkkx|gt 7]
E} 2E oM e 9] Ao HE, = X2 nhe|HollA EE51F FAA foJats B Th(Table 4). 'HE-2] 732,
HEZF2 e ool A A7 E H vk (Vespidae)2] 7HAIS7F 2019\ 0ll= 6714, 2020180l 470H] 2 GO ol A]

o
=2
£
Ny
>,
Z/ol
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N
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2] 20199 16704, 2020 10704] B8} 2F 28] 7} }o] S H QKO et al., 2021). L&}, 20180l = Zk-Z a} H|
EPLRE 43k kel AR folaks Ho x| ekoktt 202010 mhel&-o] igZute] v(Chloropidae) ZH 7 E
7HAg= HIER R E Z3HE 311 70A), b 60 7HAI o™, Lake] ahPsychodidae)ol| A= HIEF = H 231
1,027 784, 3Z_bEE 493 7HA|17F A = o FAA Q! F2jxkg Bl o, 2018H 7 2019 ol = FRba HEF=H
733HE 7t BAIAR o)X= B ol A] EATHON et al., 2021). 71EF 5ol A= 9] A/ 2] H &, X 2]
1}2] 5(Diptera)°ll A X BAIY F-oAHE BN, o] = 57 Aot Y H 7)A|4=2] xfojoj] oJgt Ao = &
SXtol B Ado] gle A0 & ket gk, 7|ef 2257+] 33Xt A FA| £ = A H1te] FAIA
1 o) & b= AT Gzt HepZ L= | ks 7he] F5 4 FAIA ] -2 &= SIS Table 4).

74 FF71E o] 8ol ZAERS W, 9] A FollA] s Fwt2 e A H(Hemiptera)©] 82tEollA] 44.4%, Hil
EP7FEE kg0l A 46.6%= A5t o, tha- 2 2 FAH el &(Thysanoptera)©| FF-a0llA] 33.6%, HIEFH=
Bl 735kl A 30.9% Y5 Th(Table 4). &0l A= HE(Hymenoptera)©| 3F2Hg0ll A 69.5%, HIEF T2 7%
3kEollM 672%= Aot 7|el 2EwollAl = Gt Hiep 2 E Zeta kel @Ay vlgo] ofzkel 2t &
Hch gk ol A= o] =(Hemiptera) 38.1%, IH2]S-(Diptera) 31.6%, S-E.7]5(Collembora) 23.0% <22 7]
T U2 ARG AR T HEFIRE ZelEoAlE EET|E 35.1%, B0]E 31.4%, H] & 26.6% 02 LHERG
o} 124 7|eF 25 UlollA 8 B 7iAI %] SE715, uin] &, ohe] o] A H ot fAksH, ZiAIE 2
T Zpo] TEgt A7) gk Ao & SRIEQITE S A oA sl F-2 ulin] o] ZetEollA 31.0%, HIEF=H 7
3tFollA 36.6%= 5t o0, th5 0 & e A= A1) % (Arachnida)] %7 | Z-5(Prostigmata) <2 & 2 U
L5 EAr} HA oA HEo] PRbFollA 73.9%, HIEI=H ZF3l-gollA 744%= 9-Asto], 9] A1t 7
AR Y Hl&-5 Bt 7|EF Z3Ttoll A= mhe) o] FokgollX 46.5%, HIEL=2H Z3kaollA] 473%= 94
stlom, k50 = mijn|Eo] 22t 36.1,35.5%% Y& XIS /IR A] §571& o] &3 234 A
A G E ANATE e Aot 79 A|7ke] FAIA QI Afol & Bl o, 79| Aol EEZ| 55 A|Qlg
HA| B Rl A gets ot et 2 e 4ekEe] 551 8414 52482 ERIE A AT (Table 4).

AS ANFH S TRRA A= et AT A miFof|A] siEte] WAYEFo] M wtut 7|el at5tol vl ¥
50| =2 A2 FRISHATKTable 4). 79| A Jol|A= SaHH | Fo] FRtFollA 62.7%, HIEFF=E Z3HaollA]
67.5%2 st o, tjo| 52 Pta vt HelZt 28l ZstgollA] 22t 32.3, 27.8%2 WY Hl&-S BRIt A
2 7tof| A= Z2FAFE] 2(Neurooptera)©] 34QHE0ll A 41.1%, HIEFZFZE Z3lZol| A 482%2 A5 o, 7|e}
ZLE3 o= F FEoNA B viju| 52t ope) 59t Y E QIo M 2| o)A sFtS w9t D] o-3olat
(Tetranychidae)”} FFFollA] 58.6%, HIEFIZE Z8kgol A 59.0%2 -5t o, T2 2 nfju| o] ek
27.6%, HIEZI2E Z43h5 28.0%2 WA HlES H o, 39| A9} vl asto] 2|94 Q1 vhyke] xfo| & H ]
o}, A Fof| A= A 5ol ZetgollA 60.9%, HIEFI2E ZF3lgollA 54.5%% 5o, 7|ef 235+
oME F T BT vin|Eo] 7 gho] WAYskelTh ZAFE R et 9] A 7ke] L3 Y = Aol 7t
AAA T, Fetsat HelZ 2| Zeha-o] 31 3A14 Q) 7-2]/d2 Ho| 2| 23t TH Table 4).

ZAZ|ZE 5ot E9lek M Aol A Al 7HA] 9] thE 25 AP o 2 A E 25T ST
Stk FAEo| ESY S o] &5l A H 25 2 71|79 94 & A|4*(dominance index, D)= 9] | o] 4
Q+5 0.675, HIEF L2 E 23+ 0.688, K Aol A= 3RtE 0.522, HIEPF=E 3HE 049020 & Fa e 72
AL =7}l ol vl A& A7} =7 Yepgth 5k A q7ke] @ - & x| a= SAA Fod2 A
Ak, 2k ZAF A1 W) Gekgat Hieppt Y ekEe] FE1tol = foRtE HolA] ehettHTable 5). 1%14] &
3715 ol&all MHH 2552 A= Age TolA F2F 0.288, HIEF=E ZJ2lF 02983 0.1, 0] A]
£ 3R 0295, HIEPFEE 73 031302 EA = o] Ao Ef} H|wal W2 - = 2|45 Bl A
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ot 9lo] A A B FF 7 BAIA Fo)/d2 UERER] &dT o 2 A& A E 255 A= A4
£ 2HollA Rt 0.827, HEFFRE 313 08333 21, ol = 33t 0.698, HIEFT2E Z8HE 0.7702
E oI 52 A X A& Bt o] = Soll, FAd, IREF 5 HH|BA 2577 o2 A=)
uf2olct, e} 9] 2] = ZAF Aol A FotFat et R E et 7he] 55 A4 f-9/d2 HolA| &
UATHTable 5). 0|2t £A AIHE2 n|Fo] Hof 9= ZlT—t— A EPR T 2] 7ke] Zfol= QUA|Rh HEl L= HE
ago]l BEE] Fetaol Hla S - L x| 4ol S8 Y HA A= G2 A o= B QI TH Table 5).

S| ERYE o] ol AHE FRleol thg= X]T(dlversny index, H' )= 79| Aol = FeHg 2,075, HlE}
7t2E 48k 2,036 .90, W3 2| ol|A] FHF 1.966, HIEFIZE 3t 1.9712 EAE| o] H|S5 HFS B
Ko, Ptz e t2E Zatao] FF 1F 5AIAR f-ol/d & HolA] aghrt XA 5712 27 7HA
O] ST A= Y ollA] FRHF 2,954, HEFFRE 73381 2.912%1 01, ZdFol| A= kg 2.999, HIE L=
& 43+ 2.966 % FAIT0] Eqlof| H] 5l ThA =] Ut et 2|97 2 FF 7he] FA1A Q1 -2)4d-2 Kol
A gkortt & A2 A AHE LS5 ST A= ollA] FoHE 1353, HElF=E 45 12783912
), Aol A= 33RtE 1,495, HIEP 2 238k 13542 Al AP F 7H S O = 2|45 Btk o] = 9
3ol A, ARERF 5 E4F EFaT T2 AR Zxtol] 7|Q1e Ao = makE| ik, gk, FAF A7 gl
1] FAA Fo/d2 olnt ot 22 A2 n|Fo] Hof O 2| 4= AL 7He] Afol= B
Tk e R E ZskEo] thFE Aol SRS S v A A= &2 A 0 &2 WHETHTable 5).

ol Esl AL ¥ of] th$h 5= A|4(evenness index, EI ‘—‘:— oA Lok 0470, HERF2E 73St
3 0463 2.1, oA 3OHF 0454, HIERFIZE Z45HE 0460202 F A %= A o, Z57F S 4|4
A ol Holx] ekofrt. A AFH 2 MY H 2FE2] 75k A= FRollA ZeEE 0.502, HIERIRE 43kE
0468 0.1, Z ol A FokF 0.532, HIEZIZEl 748k 05142 FATo|Efof B]5] 22 T 52 455
Bk X 9 FE1+e] FAIA QI {o) A2 Hol A akghtt /IXIA 557] ZA ] A5 A4 7-2ollA]
ZeHE 0.763, HIEF L2 H 43Hg 0.760%1 2.1, H ol A 34tz 0.746, HIEF L2 H 48Hg 0.733 0.2 FATIL0| E
ol vl =2 w5 = A5 BT A D FF51He] SAA R R4 Hol 2] 23t Th(Table 5).

A P E 25 2 Ao 7o) FEH T 2|4 (richness index, R+ w-9]0l| 4] A1 2I1o] EgH-& o] 85 {7513
< ), FOHF 8.290, HIER L2 E 3t 8.1512 7P =k m, Aol A] oS A3 s Aot o, Feta 2442,
HE2E 733+ 2.0800.2 78 Wttt ZARYR] 7He] 2tol= JAUAA|TH Ao 2 FE7he] FAIARI f2) /g2
o] x| QT Table 5).

232U E R ¥ol mhet 2ARE siEF-e] F Aol Afol & Bl o, FAiito] ER ubA o 2 w5
7] & ulE7 S 22 OiE 230 3 5 RS 23t tiFE 25o] A=W, £ £iePFA|
Hef|, ok & S el S, Gul7hRo] 5 idol 2 {RlE = v)4 si5-F2] 14 Hl&o] =kt vt
H XA F57|E o]-&3h Wiiol A= Guli7kRo], ditholjulin] F 5 mir] S, A Ay, of 7l kA, Frhe] 7N
olel g =1, 7FRE AR 5 A E] F/du]Eo] =okth §HA, o ol A= ZEAEe, oivkEAy
He| 5 TAEE, I EF 2 o7 5 B3B8 2377 F2 ZARE UL M4 232 o] Eqlo
e &, 1XE 5 EEe) A YWt =%oH, Xl 557 = 5] H|Fo] Etot, AnlFet A F
=7} Ao Ejlof Hgto] =2 o%% Holok < H
Fob 24t 59 vlEo] %ot 2 :
+ 7178nte], Hute] 5 oiE whelRet ke, ==t 5 4% & 5 el Rt uin|EFe] 2AFH|Eo]
Kom, ojet g dixlA 57| W2 g2 ute] 5 A7 uhe]Fet Boun]| SR F/dHlEo] =gkt vt
o T B2 o) &, ’ZJEHL, A 5 LR Zo] HYEJAA T I = v 2okt

_\2
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Fig. 3. Proxscal multidimensional scaling ordination with common plant dwelling non-target insects and
arachnid captured on two different genotypes of soybeans at Gunwi and Jeonju, Korea in 2018 - 2020 (stress
-1=0.10632, Turcker’s coefficient of congruence = 0. 99433). B-carotene, genetically modified soybean.
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