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Abstract

An understanding of safety problems pursuant to environmental release of GM (Genetically
Modified) crops is considered important. Among the recognized safety problems, the
possibilities of weediness and ecosystem invasion are constantly being validated. We
herein compared the growth characteristics and germination rate of soybeans formed by
hybridization with vitamin A-enhanced soybeans carrying an introduced gene that increases
B-carotene content. We also examined overwintering, survival, and weed competitiveness
to evaluate hybrid ecological impact on long-term unmanaged cultivatable land. These
studies revealed that the hybrid soybeans exhibited intermediate growth characteristics
and germination rate compared with the vitamin A-enhanced soybeans and wild soybeans,
or exhibited traits similar to those of the maternal strain. Overwintering experiments were
conducted by planting seeds at depths of 0, 5, 10, and 20 cm and recovering them after three
or five months. After five months, all seeds at depths more than 5 cm lost viability. Among
seeds recovered after three months, only wild soybeans retained viability at depths of more
than 5 cm. Survival and weed competitiveness were assessed by sowing each type of seed
and performing no irrigation, or pest or weed control. Quantitative assessment of numbers
of individual soybean plants that appeared in the experimental plot revealed that all plants
germinated after sowing, but only wild type plants survived overwintering. These studies
suggest that both GM soybeans and hybrid soybeans cannot survive in uncultivated land
even if they are released into the environment, which indicates less possibility of ecosystem
invasion and weediness.

Keywords: ecosystem invasion, GM (genetically modified) soybean, hybrid soybean,
weediness

Korean Journal of Agricultural Science 50(4) December 2023 749

PISSN : 2466-2402
elSSN © 2466-2410



Assessment of environmental impact of vitamin A-enhanced soybeans and hybrid soybeans

Introduction

Hae7ee daS H O & Q134 0 & ot /-8 FAAE 2HE2] 4404 Ulol] AUAIA eedog
S 7FA1A == GM (genetically modified) 222 1994 nj <ol A 7iRtE GM EOtE S AJ2ko 2 GM H3}, F,
244> 20| 7hE] ] thBawa and Anilakumar, 2013). 1996 2] = 2 A 291 GM 2H-&-2] A4St AlZHE 1o,
Aful 42 1707 haol| A Al2E] o] 2018 H0ll= 1,914 BiRF haoll =E3ATHCho et al., 2020). 1F T2 FA] GM 2}
E0] Ajul] HA 2 48% 2 2|5} YTHKBCH, 2021). &2 £ 247 Zol| A A& 0 2 GM ZHE-2 59130 43
ol A A ALe-& B 7H-80 2 U5l Al H2 Ytoll A GM AHE-S AlfHisto] A atstal AT,
A AAI 0= 747 3 g0l thgt 24 =g 0] 2145 3 9)TKKim, 2003; Park et al., 2018; KBCH, 2021).

ol A= GM %, ¥, 5, ERtE, HllE, Al {41 5 TheFeh 2FE0] Aot 2] 218 o, Al A 2 el
% Aoy 5d i =017] Yol Bl /ds TAaAR] A& 59 AT ATHE NIRRT oA 7EA] 3
2 2 A 0 2= 591 HER] Ak I fol| E Etotal 7] A&l GM A=) £ HAY +UE GM AES
2451 & Foto] Wol H|o) =2 o 2 3H4 WhEE 4= QltH(Han et al., 2016; Dong et al., 2017; Yook and Kim, 2022).
Al ol A 20170l 5] 22 GM -2k GM Hske] #H WEo] E]o] GM 2o theh ¥ gkt o
Aol tigt 227} A7) =) 2 JThChoi and Kim, 2022). ©]213H A2 GM 2HE0| 2H7gof n]x]= 9AA, &
AR} ol 5 7hs/d, st AYEA wet-Sofl thet P A B = B glo] the= Al Q1= A% o|Th(Lim etal., 2014).

GM ZHE-2 o]85}7] YaliAl= 2008 7-E] Al “FHAAF A=A Q] F7IKE o] 5 Soll B3t HE(Living
Modified Organism, LMOH)”ol] wh2} 2ol thst 9|54 B7F7F A Al =lojof st} 50 & {52} o] W =
3} 7hs/d, M/, s B EAY 9 54 Y 2AF 5ol AR 11 F B3] F25HA Aot AR F ok
7+GM AH=9] 7 W2 Al A AEiAIE X dsto] A& Thd Aot AEiA wek2 d o 7Hs/d ol thLim et
al., 2014; Kim et al., 2020).

GM 2H29] Y T F=x3} 7Hs/d B7tol tigh 7122] slje] At fAE o] &38lA] Eql viEst & T4t
O] 4T (Hails et al., 1997) 2} ok & | S}A] ot AFA 2Hof| A 2] A d 2} A< (Crawley et al., 2001) 2] A+
7o, S Aol A= A=A A& o] A= M E o] &oto] YRt FE-o] el A 54 vlastH B4
o] xfo| 2 915t E}o] Y& & HIolE(Lee et al., 2006)5-2 A5+

A GM S0} sh= H] 2 2491 2 W& Al =4 0 2 ¢ o iEat & F0] AP gstA] ghot Ak
T 7hs/dol RATE GM fAfet v, Foll thaljA] =42 0 2 2AZat ool AHgsto] 2kl it 7FsAd ol =
2 2-&0]7] wiZol| eiAlel o & Y& rlE A 22 AR E Th(Yook and Kim, 2022).

2 EA R A7hE Algolut, ek Ql 2HAgH 2 7iollA 9] EF7FE-E (outcrossing rate) 0.5% B[THO]
™, 50 cm ©] U] WA] Ajufel 22 22 mit 2710 2% o]0 2 B IE|QITHLee etal., 2018). GM F-2t o
3 Zro] mztoll thgh chefst AL7E UUAITE o GM F7He] mAkSollA] HolH =9 fAke] Qb A, Al
R E wgEe] 2/ grtel oigh At 7] o] Fo] 2| A] Al ATHGuan et al., 2015). = HollA = GME-
Hi2)ol| A op YT ()0 23X} o] 5 A Akt wadHAol gt FA| Wol EAJu S EAS RAFE

X 15} THON et al., 2020).
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Materials and Methods

n>
oot

M=

Ado]| FAINEE AFEE GM T2 4 FF3(Glycine max)y& 220 2 7F2E| 0| & g A1 Psye}
Crtl FAAE T=4sto] Hlept=E o] SXE =5 7iaE vetTl A Z3H5(3-PAC, SP7-3-1)& ©|-&5tit
(Oh et al,, 2020). T3}, bar S-AAFE MnpA 2 AFR-sA] S ZA|Y|0| E(Glufosinate) A 24| AHro] 7}s3}c} of
S (Glycine soja) 73Ethstaof A 2o vk P4g3463S AH23IQITE HIEF A Fohaa} opFo] WS 7t
= 915l HIER A Z3tE1} oY TS LMOZ 2|2 A0l A 503 ZEO| ohE &, 2527t AfjHl] &, 127} EEof A5}
Aok 15 LXA1717] ol HIEF] A 33HE2 5E 319 72 79 IHH 0 & 53| &2 W oA okEAI7|E
27| 5}E5131 o, o T (P1483463) 5 310l mhE5to] 68 140l A ATt 7H3t Y & o8 g-2 73t
717} 8 1294 & #5E| o] 5at ubEH vEFT A Z3HE-] 7HetA (8 109)2 FAFSte] w2 f-=517] $is) H
E}u] A 75 3a} o E-g wak v dsto] xuleteitt W S EH o E o] EAF= 376970 4Eegl o, 4

H TS ok 2 S/d5H &, A& A|(glufosinate ammonium, Basta) 2] 2|5t & 8712] wxt 7HA|E A5}
E]'. A z2A4| A 4d 7HA| S0l thsl A<= PAT (phosphinothricin acetyltransferase) Tl S AT = Qe AEHET(LL
Immunostrip Test Kit, Strategic Diagnostic Inc., USA) S AF-8-510] 7S 3y} Th F15AF 87 Aol A F2 F:A} 3,786
= soiglon, o] Wit 7HAES] SEAHE /45t & 3ol wikgel At e ARESHith i
2 GM 32 FEOZ opF-S B0 2 519l om Ao gt thx 2 BEZFQ FUta-S ARESIHITHON et
al., 2020).

2} opE U WEEBC M} KA

GM B3 | P22 Al @70l o
ZAYYITE BE AP HeRE AT
GM B3 OHZ, oMY T, WATl it 4% 54 L obg 2Ake] A

o
= t‘
A1 20179 5E] 20198 7HA] 100 - 500H 2] 37 ZARSFATE LMO 2 2] 2% U H]

Al A5 Frlstazt s 544 9 957 59 Zx3t s
Z 2| L7 (RDA-7FAB-2013- 041)011A1 S3Yselct.
=AY LMO 22| o]
JeojA 50 TEO| u}E &
LMO 28] Z7of| 60 X 30 cm7H 0. &2 Azf5t3ct A g Aull= ey AHufol] e} ~3ys3ict. To] A& 5744 3
7he EEXEHOIA I H 53387 ]s At RAREA] 71200 2lal ZAFE AAISHITHRDA, 2012). 87,
TE B2, A, Fgol tholl 2AFEASISIH B8 P = Ad5 7)ol 45° o) 712 o1X 7hA| 2] g & 533t
SIATE 5220 2, 1 5% °l5}, 3 6- 10%, 5" 11-50%, 7' 51 -75%, 9" 76% O 7|& 0 2 ZAFE 1t

Z A

)
2]

o o

Efol i & 254 %ZPPJ 9 X*PE%H Zt 4225t l~— ESHEE 100 ‘-‘n ARz At =
F2 37iE T} sTHE 2

>
el
-1
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2
e
HE

’\a‘/\l o}ﬂE}(Flg. 1).
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i g v

wintring of 4 types of soybeans.

o

» o

Fig. 1. Photo of field composiion for germination rate test after

wist] A 27] FA Bele FYFAAoIA DAISH: FAUALLKSVS, 2017)2H ISTA (2010)F ZT15}o]
ZASGIE 2H EEUR 10034 RS, SRS ol 83) EA1E 25°CollA] 244K F2 5 olmhx 8 2w
w=2]r)4] ool Yol mg 9 ujealelct. 102 Bk Wobe- ZAIgom, Wokstx) ehe FHe o] vzt
AR A 27h] S W 5 ThA) 102 B9 b S ZASITT.

o 212} 374t spg o) i woll FA7H 971 BE S5 0] B4 Wobgo] ula B4

of g2l g wdsigich

AHetE0|M GM S} o4 X w3 o| WE X144

v

7] 27 BT W7h= GM T wgtEo] Akl

xO _:-_. O A =2 0= AN H N T H O o [
22 2A] 915 AAEIITE GM B3 HREY TR w2l opy Tt mEFS Yekgol AHgEIgon,
=5 ekl LMo Ze) Aol 4] 4agstelc.

—

ZF AT 37]=3 m X 3 mo|H, ATt Atolof] 0.6 me] THAE T 9| EEllE AE WA

AThFig. 2). A Foll= EZHuct 2212 100H 4] ofEs1 o 3HkE Uajyo g A

i 2 B BlS, AlH] Tl 51A] gtom EHsH Fat Al EEo] A2 A3 4 Q== A5
AT Yol 285 F2] 7HA = 201700l = 315 ¥ 109 o] RE v 13], 2019 0l= vl 134 A%

HHy el 3 70A| 45 ARSI B3 20179 79€5E 20199 11.€71%] ol 13] Agd oA HHAgeh= Al 2

=
oe B3 38 Y A +8 2AISI
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Fig. 2. A, field photo over 3 years. B, photos of weeds that were dominant among all plants that
appeared in the experimental plot (a) Centipeda minima (b) Digitaria ciliaris (c) Trifolium repens (d)
Sonchus asper.

Results and Discussion

o 45 E4 9 wotg |

Y o
0|')|

S
oy 5
i
H
N

s
o
ne

NS EX Ol dolg Al [ PAEHE 3PAEskA] 3HHE o 2 Ex} ukE £k 20179 E 1008
009, 2019 = 5004 2.2 Z213Y5}iTt.
%%A % 20179 5E] 20199 = 7k4| 9] 317 Hlo|E] ] 33t B4 At GM T ws U opyF
J=|gict 72t FHnich B4, =8, #2414, A
1}*_4 7% Zole} BA 4 9l A4 GM 21 op o]
b= STk AH)ER FebE-0] -9 GM Tt H| et A5 548 Bt & £/J9] 4= opd ol
A Yebom Fbgat GM Foll A AlY WA UERG D, mtE-2 B2 H| 5t EAS 70 24
owuiu}h SZ0E GM - EOHE =2 22 & 4 ASATH(Table 1).
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Table 1. Growth characteristics of four varieties of soybeans in stem length, lodging, number of
branches, number of nodes and number of pods.

Varieties Year Stem length (cm) ~ Lodging (0 - 9) No. of branches No. of nodes No. of pods
GM 2017 46.6+2.1 3 2405 48+1.1 305.0+87.0
2018 734435 3 35+0.7 6.1+15 222.8+76.5
2019 682+6.8 3 54+12 5017 181.1+£34.0
WT 2017 1180+ 164 9 2.8+0.8 3.6+09 1558.6+292.0
2018 1309+ 13.1 9 32+09 6.1+19 889.5+241.3
2019 141.3+134 9 1.0+£0.0 77+1.6 1,041.1+£339.7
GW 2017 73.6+20.9 9 1.0+£0.0 56+09 544+83
2018 78.6+21.6 9 41+12 63+1.1 111.2+177.3
2019 1923+47.6 7 70+2.0 8.6+3.0 480.8 £306.1
Kwangan 2017 66.2+74 3 20+0.7 50+1.0 295.7+79.0
2018 673+87 3 36+0.7 6.1+£1.6 167.1+54.4
2019 63.8+4.8 3 50+1.1 45+15 166.2+43.8

GM, genetically modified; WT, wild type (Glycine soja); GW, vitamin A enhanced transgenic soybean X wild type soybean hybrid F2;
Kwangan, Glycine max.
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HATH Table 2).

Table 2. Comparison of germination rate of four varieties of soybeans.

Hlol-2-2 B9l o GM 23} o E e 7t

Varieties Year Germination rate (%)
GM 2017 95.00
2018 83.75
2019 82.80
WT 2017 80.00
2018 92.75
2019 71.60
GW 2017 78.70
2018 63.75
2019 67.50
Kwangan 2017 96.00
2018 9225
2019 97.20

GM, genetically modified; WT, wild type (Glycine soja); GW, vitamin A enhanced transgenic soybean x wild type soybean hybrid F2;
Kwangan, Ghcine max.

Kim 5(2015)2 Zhao 5(2008)2] ¥.110]] oJ5}# o] mAtEe] B o] Z7ko| ALt B Zof o 7}
7hE FEIE ERIThaL Stk K25 Oh 5(202002] A¥ At ot wit f=H ool BEa fARGH A5 5l ot
EXS Yeb ol2igt ZatEat B Age) Autel 22 7o 2 Hop mikge] A8 EAJL XAt 2 AHEo g

S A e RETH|SR 541 Zlo 2 AbR E ]t

S o) Wot82 o st % Tzqaﬁqmmw>qgi o) Fel 4] 717k 22l GM o v

oY EHTLES 24 U 4 Uik

Table 3. Germination rate after overwintering four varieties of soybeans at various landfill depths for 3
and 5 months.

' Germination rate (%)
Landfill depth (cm) Landfill period (month) M WT GW Kwangan
0 3 2 57 58 47

5 4 63 23 10
5 3 0 33 11 0

5 0 0 0 0
10 3 0 40 0 0

5 0 0 0 0
20 3 0 59 0 0

5 0 0 0 0

GM, genetically modified; WT, wild type (Ghcine soja); GW, vitamin A enhanced transgenic soybean x wild type soybean hybrid F2;
Kwangan, Ghcine max.
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AAEHAH0N GM 21} DEH20| ME X4

J;

H| 42} g0l A 2] GM Fat wika-2] A A& 582 B7FetlAt 3863l 1xhd ol o5 & ‘EL}OPEI
of Zpzhd ZHAIE2] el 2 7HA| 4= S 3xP A E7kA] Bl 2ARSEITE 71 A1} 2017'E 2ol 10084 3RHE:

2 053300 5 ol widEe] A = 17HA R 03%2] Woke-2 BYlth 2l GM gt FRtE-2 07i
A2 0%2] Hobs-S Bl om mEQ] opYF-2 1370 2 4.3%2] Wohg-S H It} o] & 23 o] Bote F /)
A g5 oY T2 AlQlgh BE FFolA EE ] Z3kom ool e 137NA 2 S7HE AL, w2 17017}
ZLaste 22 gRlsint A8 upEst 2 22} 429k vl w32 ] oF 0.04%5F A E35E 7o ThTable 4). 0|9t 2+
A= GM 3 aFe] AP EE gk AFAgH g ol A= ot = Qo EE Foll= FAH o= A5

Table 4. Viability of four varieties of soybeans for three years.

. Investigation period
Varieties Repeat PETaE ETaE
Istyear (10/30.) No. of sows  2nd year (10/30.) No. of individuals  3rd year (5/12.) No. of individuals
GM I 100 0 0
I 100 0 0
it 100 0 0
WT I 100 3 27
I 100 8 29
I 100 2 17
GW I 100 1 0
I 100 0 0
I 100 0 0
Kwangan I 100 0 0
1 100 0 0
I 100 0 0

GM, genetically modified; WT, wild type (Glycine soja); GW, vitamin A enhanced transgenic soybean x wild type soybean hybrid F2;
Kwangan, Glycine max.

TejLh B Al 7]o] wet B3 A of 57k 2okl 4 9ol Fofstolol Btk £ YT Ko 5(2016)9) A
o 25 9%l 1080] 5holo] BE T2 Q/PPAIR PSR Aol Dslel oI5 L Asle mE
F52 018 sjo] 424 80| B2 ARkt Kim S2020)8] 2ol olalH 6€o] HES AL 1
3 sl S4F BAZHA) HE st i A E B e SIS 5ol 75 212 BT gk olek 2ol GM
T FA7 | = A 0 2 87 WEEE A9 A oA AEAZ Yok 7HsA S AL g 2Bt

ob & ekl gl

7] 4T 7 el moll M B2 Fo) A 4 ek ofLjet whgshs A2 o) Ay ws) w3k ZAIIIT.
A oA -2 AQJBT 1350 A8 22 BHelslo n4<Tab1e 5), SH7HElE, BHol, B71E, 287HIE
%02 27} S = ItkFig. 2). 7371AI7 Y ESHe oY E-S R ET} AR E Aeiglom, 1 9] A7)
ME 20| 94 Aeigict
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Table 5. Overall plant composition and frequency over 3 years.

Species GM WT GW Kwangan
Aster subulatus var. sandwicensis 55 48 51 48
Canadian horseweed 31 31 33 40
Erigeron annuus 4 14 8 16
Centipeda minima 0 1,190 623 976
Setaria faberi 500 207 231 277
Echinochloa crus-galli 40 56 22 37
Persicaria nodosa 1 0 0 1
Trifolium repens 1,200 0 765 350
Digitaria ciliaris 567 889 568 358
Taraxacum officinale 0 1 0 10
Artemisia indica Wild. 0 0 0 1
Vicia dasycarpa Ten. 1 16 0 0
Potentilla kleiniana 0 0 1 0
Sonchus asper 0 240 287 0
Total 2,399 2,692 2,589 2,114

GM, genetically modified; WT, wild type (Ghcine soja); GW, vitamin A enhanced transgenic soybean x wild type soybean hybrid F2;
Kwangan, Glycine max.

2P #p7] AYeaE o] At A Zhxof tfs] 28 = A4 (dominance index) X EH- T A4 (richness
index), ¥ A|4(diversity index), 5= A|5(evenness index) S A1 TH - = A= & 4 0.7250014] 2]
0.899% mi|-¢- =tom 1o Rhsl| 5= A|4= 04670141 0.6812 A UFEFGTE o] = AolA] Soi7H &,
Hegol, £71%0) R4} the Fol ls AthA 0.2 wo EEstal 7] 2ol ik, EiE A4k o aw}
WRE Aol M 22 0.801, 0.8415 2o GM F3 ZotE A& T19] 0.621, 0.691 E T =] LEFSTE o] = 2%
i Aol vl x] o]l oot FFo2 A thFe A= ZH Aol M 07510014 13262 2 LHERSATH(Table 6).

Table 6. Community analyses of weeds investigated by experimental zone of long-term ecology.

Indices GM WT GW Kwangan
Dominance (DI) 0.881 0.801 0.725 0.899
Diversity (H') 0.751 1.105 1.326 0.936
Evenness (EI) 0467 0.568 0.681 0.522
Richness (RI) 0.621 0.801 0.841 0.691

GM, genetically modified; WT, wild type (Ghcine soja); GW, vitamin A enhanced transgenic soybean x wild type soybean hybrid F2;
Kwangan, Ghycine max.

Conclusion

QI A QA BRI B3k A2 3 gk 1 % st 9 e 9 v
9l AAolc}. olo] wet £ A7 wle R ko] F7ksHe RS B u
EF A G HE T SO R WAE TAEO] 48 B4 U Wb ul WL, 47] 4.0 & whe)w ] ek A Ao
A Aol Bl gake W7hek] giol AT AEY B AEATALS ZASCE WET) A% BT
obg-e Rel Hletnl A JakEa} LSl opy o] 57 AL el BE | WA fAII ek 21

g el ohiste] S-astoict. 1 2% 1Y F Zol 7t s
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