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Abstract To elucidate occurrence patterns of naturalized plants in agroecosystems, we surveyed flora in
uplands, orchards and rice paddy fields in middle regions (Gyeonggi-do and Chungcheong-do) of Korea in
summer and fall from 2013 to 2015. Our results showed that there are 77 species of naturalize plants in 54
genera and 20 families of vascular plants among total 420 species occurred in the agricultural areas composing
18.3% of naturalized index. Community compositions of both native and naturalized plants were different
among agricultural types.

We suggested that Cerastium glomeratum Thuill., Bidens frondosa L. and Erigeron philadelphicus L. are
capable of dispersal to other regions based on our results with getting to broaden distribution of naturalized
plants. The mean naturalized index was the highest in the upland (25.1%) followed by in the orchard (23.0%)
and the paddy field (16.1%), while the mean number of naturalized species was the highest in the orchard (21.8
species) followed by in the upland (16.6 species) and paddy field (10.3 species). The numbers of naturalized
plants in the orchard were increased along with increasing size of the agricultural land and decreasing ecological
area rate. In addition, the number of native species was significantly correlated with the number of naturalized
species in the upland. Our results would provide useful information to manage dispersion of naturalized plants
in agricultural ecosystems.
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QA E F, ATt FAIE "oy AEjA ol o]UH o &
BxA0 AIFozN AE RHESHE opst W At
ste A EE Fg4Eolzta gttt (Richardson ef al., 2000;
Park, 2009). ASHI B2 2T HY AYNBE =2 4
HAS) ABTII T, FEETO WS B} T4 2
dol W), parel W, $34 25 59 9L 714
Al =] (Lopezaraiza-Mikel et al., 2007; Vila et al., 2011;
Coats and Rumpho, 2014), &A1& Yo w2 A A
H3tol| thsl| =7F AFHQ) ] Hete] A&H o niy
1 th(Bang et al., 2004; Park and Kim, 2015).

FEuEte] Ak E2 AR 1}017} U= 3?‘%
AdrA o 7 7)3}(18761) o] $dH A EL 7|EF0 7 %
oJstn A= Foe ASAE AT 2719 EJ—%
1102 (Yim and Jeon, 1980)°| A &3] Z7}51¢] 1990
o]l 18287 (Park, 1995), 2000 th ol 28657+ (Park,
2009) 13 FHTof| 393 1744 3218F7o| EHs=
Ao 72 B 1E 9t (Korea National Arboretum, 2017).

R wi7F @9 Bujef o] YA (65.7%)

2 AR A A EoleAY dES ARt Sl
om AZERE ZANEAG Y AAlo] TE A3 o
F (19641 o] F) 2217 (68.8%)°] A #AH ATk
(Park, 2009; Lee et al.,2011). A3 &2 53, 7k X F,
3¢t 5 YA A= Kol o]FoR= A HA 27]9
o] Hu, &7 % AFEY olF FEE S8 XA
2 HA} &A= It} (Han, 2002; Oh et al., 2002; Jung,
2014). AIAE9 E& AR F9 F 4k I
o Fo S8 ofYzt A A YA (E), 712, o] YAl
9] 37] (Pysek and Richardson, 2006), ©] %] -;f—% EX
o] &I (Kim and Oh, 2011), AP 2= FT}YA] (Knight
and Reich, 2005) 51} 72 373229 42 = A
oz el Utk AR B2 PR BAG A5
(Urbanization Index)®} 738 (Naturalization Index) 5
9 72 Yeld 4 ¢l o™ (Numata, 1978; Yim and Jeon,
1980), thE A 9of g Aot =, AFE FolA
=2 A A& XAt (Han, 2002; Jung, 2014). A&
Aoz U E AdE, 47 - A=, A=, g
SAEE 479 R YrolA Y BAE, BV - $8=
Aete, FYe £ 8 et AP Eo] Riste AL
2 H3Egith(Han, 2002). YAE 2= 79 &5 @
I wgo] 2 FAA, AZHA], E BAA] SolA AikE
o] =& Aoz AHA Yt} (Kim et al., 2000).

At =0 2 Fdol A =W A= A &
FE, AT AE AEA AR A RES] AEHUT
(Han et al., 2007; Oh et al., 2009; Oh et al., 2011; Lee et

E>

OH

al.,2015). 3|9 GJEE By 0
o

o] olollon], 74 £x

B R A BRI A et 27
= QAR e Y WP} Tge] AYo] Yt =
2} AL HOPHS stersta AR PR s
%, BHE ¥ F2% 71x ARE AT 4 Uk w
ehi B A7t HYAHNARY §9 D ko] et
W welo) 7|z A4S AFstaA, FEde] Mt o
¥ AASHAIEe] FAST A BEol 3t weko e
FRAY (A7) FHE)Y SYYHAE o2 534
94 BRacs AstE 28 BAE dotrnn
shiet.

l

b3

q@7E, FHEE, SHEE)
AT T, B, =S AR ZF B 3~47 Al 2
A 20139FH 201547+ 1 3R FPEE 5~697} 8~
9ol AA 23] 2AE AAISHTH2013E: 1149,
20144 I9 122199, 2015

d: = 1249, Fig. ). Al 7+3
o 2AF = FEA RPER
A,
=1
E
N0

AR S efatel 2
A G vk 597 7449 19
ot AIA st Fa

1032 o] .

AEA ZAME A A ZEE o|F3lHA &¢to g
9 AES I T o 7|EaATH RAK G A
0 EAE AES YA T, AE =7 (Lee, 1996, 2003; Park,
2009) o] g3te] APAA FHA o AEYLS =
7MY EZ A A A B A 28 (www.nature.go kr) Q] =7} EZFA]
BEE29 7|0 6‘]—%1’4- Az EL FELS Lee er al.
(2011)°0] AAF F R21E8FTY AHE E5L /&2
2 stgon 2 2Ab W geld AHES g, o
AR, AHEEZA Y, A3te 53 2 AsE A7 A 2
(family) o|3}9] B-F--S gt 7*01 °b}““ «og g
3kt B3 573 A vﬁé%‘ 23 fFEE 4 Fo gigt &
Aol Y] A ASER FAIEHS E]-(Tablel)

A ES YA, FHEEZA Y, Aste 5F 2 At
A7) Lee et al.(2011)9] A2 5 &-431% o1 o] uf}
A= 5FL A B EX JHE 55F22 o,
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Table 1. Continued.

Agricultural types’
Orc Pf.

Up.

Int.p°

Dist* NDJ!

Orig.”

L.f*

Scientific name Korean name

Family

27.3

CSJ) 5

As

Ailanthus altissima (Mill.) Swingle for. altissima V&R

Simaroubaceae

8.3

58.3

nA
nA

EER RS
FAGE

Solanum americanum Mill.

Solanaceae

8.3

CS

Pe.

Viola papilionacea Pursh

Violaceae

“L.f: Life form, 1: annual, 2: Biennial, Pe.: Perennial, Tr.: Tree.

"Orig.: Origin, sA: south America, nA: north America, tA: tropical America, As: Asia, tAs: tropical Asia, Eu: Europe, Eu-As: Europe-Asia, Eu-Af: Europe-Africa, Af: Africa.

“Dist.: Distribution, N: Northern part, C: Central part, S: Southern part, UL: Ullung Island, JJ: Jeju Island.

N.D.: Naturalized degree.
“Int. p: Introduced period.

ngricultural types, Up.: Upland, Orc.: Orchard, Pf.: Paddy field. Relative naturalized degree (RND) of each species is represented in agricultural types when it occurred.

Information of naturalized species about the origin, distribution, naturalized degree and introduced period are referred to Lee et al.(2011).

| FetdE 28 4 259

BXE, 259 qAHoR FEsi 9%
g, 35T BASA BB A 28,45
T FAYOE B SHUES} B L, SEE BUN
A BEshe] $HEs} $&02 TR Kariyama and
Kobatake, 1988). 713+ A|7]= A ES] o] A7)l ot
gt 3712 FE3F 17]: 71 (1876) ©]F~1921, 27]:
19229 ~19634,37]: 1964~ A 2 LESIH T}

A ES Y A= 9 £2 FFS Tdsh] f8) =
AP o) o)t A3k (Naturalized Index, NI), At 3t=
(Relative Naturalized Degree, RND)S F#3}¢ 2w, ZF %
= 29 AE o835ty AEST.

Ei
NI (%)= ?X 100 (Numata, 1978)

i

NSS
RND (%)=?X 100 (Yim and Jeon, 1980)
ts
B: 24 ()9 ASHAE F4, 50 24K ()9 28 A%
F £ No 54 AR 2UAY 4, No: AA) 24}
A 4

7t A 99 AB A mhetsty] $ste] 20099 &
ARoNA A FEF ENYEEE 7228 A Y

B 8 0.5km W AR ArEEA, =Wl A 7}AH A
VS E4J5lo] e A& (Ecological area ratio, EAR)&
ALttt JHHAES thaat 22 Ao oA 4Hg
skt

=

T

=4
o

> EAYEREE BHxIFA)
EAR(%)= ARG X 100

(Ministry of environment, 2011)

EA5% 59 AEA 4, 54, -5 d 9 A
748t AZA G £02 1.0~009 7HEAE Boatgt.

FAA FFo UE A EL AYANEY F =X 4
A2 As] Yol 2ARA W 2dFS dALeE v
ZF gAY =9 (Non-Metric Multidimensional Scaling,
NMDS)< AAI5H T NMDS £4 o= 54 A=A &3
Foll tfsto] 7 24 ) 2 38 AHHeR TR
ASS oA EY BR00 HE AR &
A e Tieksly) o) AR Faot AYRAE, 7
2] W 0 AR E ) ThebA] Zhel AR R4S AT}
Stk & AFNE 527 §70] vk AR 5 8
A%x) Aol get AAA wAo| v AspAEe] B
THE A vas] oE Y AR 4 AR E &
& Z£4 7+9] 3]¥larA (Rarefaction curve)S 13 H3}HA

¢
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Fig. 2. Venn diagram of the number of native and naturalized species surveyed in upland, orchard and paddy field.

E £d 245 243} v th(Gotelli and Colwell,
2011). 3 A 3 e Asks, A E T4, °A
% ASAE F40) MRS ) Aol B (one-way
ANOVA)T} AFZAA (Tukey-HSD)S AAstg o E4
42 R Z2IHF} vegan 7| A E o]-§35to] Y5
t}(R Core Team, 2016).

3 ERIE FHAG (A7, A 574

Xloﬂ St AE2 AFES AYsta 771 2514
420%01th. 2% AMYAEL 743} 2204 343F0|H,
FAEL 203} 544 7720 R AR AAY AL
18. 3%‘2‘14(F1g 2). 547 SFPEEL T 623} 1714 252
Z Y 601 1884 276%F, = 571} 1804 285F 02
—?'_‘—011*1 7P B ol FEAHT olHT AR 2AL
HrH o] o7k Q7] st 109 A9 Lee er al. (2007)9)
A= 2AHE B8 @0 gl ¥ 1123, B4 233F
= 76FHET FA okt Q%Ol FAA FUE =4
ste A HolEth 28F 5. 8 A f3ol dHglol
TEHoZ ZHsL %L 357%¢1 150502 UEhto
o, 220 o e BERF(174F, 41.4%)0] EAT 43
9] FAAAAT EHdt= ACZ ZAME QI Al R
AT Ry o= Gl (Euphorbia humifusa), 7+ 7
(Corchoropsis tomentosa)ﬁl- Y& (Abutilon theophrasti)
59|, ol ZAFEAY (Rubia cordifolia var. pra-
tensis)@F WA (Vicia villosa) 5°] ERZFoZ &3S

™ & (Juncus effuusus var. decipiens), =2 78] (Mono-

‘J

o

Hx-log

choria vaginalis var. plantaginea)?} =3I (Paspalum

distichum) 52 = A @5ttt s A o €3}t
£ AEAL 34 FFET oft ARA] YRt £
5 ASA 3 w2t t=A yehgten (Cho er al.,
2014), ZAF A]7])¢f 2tz 2po]E R HGr)(Park ef al.,
2005). & ZAPO|A = 23] 2AF F 3 AT ERlE Fo
AA E£dZE F 393%~59.4%= AR AT 39.3%,
T4 59.4%, = 57.5%). 0]E oH =1} Hpo] W
H3 Jrid oz Ado wE 28 A& ¥t o &

Aoz Uei

FRAA FHo WE T 2 FE U] A =
dFol tigt NMDS 24 23, 534 fFIERE T 24
9] Zpo|E H itk (Fig. 3). 53] ASMAERET A2 &
Al B FEEE ZolE Hol=t o= A3 E v o
A7 B s3A £3Y SH T s 83 AE
Eol f F36HA FEEHs AL gnigith. 28 &
29 diF A A 7Y A7IE AEs] wd
R A=Y A3} AI7|E LBt g2 o A4
Algo] HA =] FHA EA4 2A A&side A
o2 o,

A E EG 544 G0 et F BT Aol g
St (Fig. 3, Table 1), #FwE 2 4B EH o= I3}
I} (Compositae, 35.1%)2} W23} (Convolvulaceae), IFH] &
T} (Polygonaceae) (Z+ 8.8%) «-2.2 &£d3IF o I
A= =3+ (38.9%), &2 (Leguminosae, 11.1%), |23}t
(714%) <2 st =oM% =3 (33.3%)7}F 7}
Z Astg v, T, gt g 24 B3} (Gramineae,
17.7%)7} oF9-3tget. ol S0l e A A&
st= - T (Paspalum distichum), B-EZA T (P. dis-
tichum var. indutum), 2y} 8] (Phleum paniculatum)
Y HI AEo] =oARt £ R R SAH
thH(Cho et al., 2016). WH 2 L3} Ho AL =4 &

o] &2 42| A0 (Rumex obtusifolius), ST HA-F+Z
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Fig. 3. Nonmetric multidimensional scaling (NMDS) plot present-
ing species composition of native and naturalized plants in
surveyed agricultural lands. Symbols indicate agricultural
types, circle: upland, triangle: orchard and square: paddy
field.

(Quamoclit coccinea), A= (Conyza bonariensis) |
AHoR ZASIAT TALEHA L A B AT
TolA = S et sHA fFR3EE FRHT A

£ oo, 109 @ A #3E A AN £F
FAA AR TAE T FE0] & 2ARA = o
2§39 A AN FAlol FAE AT (Lee et al., 2007;
Cho et al., 2013). o= A EY] ST gt &2
He7t Ad ddiE= RS Yujzith A gFormE: g7
A 9 AFe A £xd= A= A AT (C.
bonariensis), M3 (P. distichum), 242 0] (Rumex
nipponicus), X Y& (Crassocephalum crepidioides) 5
o] (Lee et al., 2011), THAG FHA A TAHULH
(A7]=: Kim et al., 2014, Z# %=: Choi et al., 2009), &
ZAHE SoliAE oA g W ERIE ST 53] Lee er al.
(2011 AZF=7} 455 ool o]d] Al7]7} 371<1 4

O e odm P
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Fig. 4. Bar graphs showing average naturalized index (NI), mean
number of naturalized species in whole area of a site
(Whole area) and per unit area of 0.1 ha (Unit area) in the
upland, orchard and paddy field. Error bars indicate stan-
dard deviations. Asterisks indicate statistical differences
(one way ANOVA with Tukey’s HSD post hoc test, *** for
p<0.001).

E2 A=xo 2 waA ik 271 9lo] A&HQ By
B deS dastalen & A5 S8 RAY
FAA o Edshe 1459 A3MAE] ol Bt
o] T, A& TAVE 4 flo] ottt FEAUEYE
(Cerastium glomeratum), =5AEF ol 71 2R, HS
72 0= 7VekA] (Bidens frondosa) 52 A 7573 9]
22 AYYS YD BA) BE 547 F9014 A4
FHShE7} ot Shate] that e Folt Wad Aoz
A ZFE T} (Kim et al., 2016, Table 1). =3t B% (Erigeron
philadelphicus)®] 7%, A=7t 15522 JATHA &
23 g A oy FRAYE LR & & A
A= A G Aglel GA Exdt= Ao= Y
Ehu} gre g o] F9f gt s o7t 2FE

BAA F3E ZAAAT B AES T(25.1%),
A (23.0%), =(16.1%) &2 & Uelykon B4 A3}t
AE Fre B 218F)o] AY =% taez T
(16.6%), +=(10.3%) <O At} (Fig. 4). o] &= L} B4
H|3l 22 YRl g4 S0l 2= =0 theket 7
3t Eo] EdHA] Xot7] il AR A, &3
A2 T4 ZAMHA Y ¢3FE WA =W (Steinmann er
al., 2011), 4 A o2 ZAPHEA ] QW T4 7t
e AE T4E Eooh Al 98-S nEe |
A AT E FFolA= Lol 7 Bokor ol= o

H..
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species and size of agricultural lands in the surveyed sites.
In the upland and paddy field, the size of surveyed sites and
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upland, triangle: orchard and square: paddy field. Closed
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SR XHHHB‘}—E c+ SR §@o) ]3] A2 el
z Goluta o] wel g 7
S48 24 7187} ‘ego}xm fgel Hoz Az,
2 2 237 BlE FRAY 544 AL 9.8%~
413%2 FHFY(4.1%~9.1%, Lim and Hwang, 2006;
Lim et al., 2008; Yoon et al., 2013; Lee and Myung, 2014)
o v3 &3 ub& ¥ (9.9%~33.9%, Kim and Oh, 2011;
Rho et al., 2013)3} B3 £2& Y} AW 22 A
A 3 Wold= AR Y] s o wet Askeo &
o7k 27 Wekd 4= UL (Oh er al., 2010), AFA T} %
AR RO ol 7k Q& 4 Qo] RS B AEA 17
of & A AH HlaE ool Atk
AAEY A F BRPole LT BEA9 27], 5
EAXo] &=, AYA = g & &H a0 IF
A "Hoh 34 FEEE A Y o]dA A71¢F &
AE S e BAE AT AL F &l T B
SAA fF@olA 2719 e HolA geu At
£ Te daedaA 22 &9 AHHAE Elv =
0.75, p=0.005, Fig. 5). o= &3} =of vls] Tt o
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A WHo] Yess AR olgle] 41
} 2 peEc 59 RoA

2 =R W7 AR5 o
ZBAro] A H = g ohekgt
Azt Eo] 283t 013‘]% Ao g wtEn B3 57
FHI FEE A, A4
=HE Y =7+ (patch)
° H 2822t e =2 TA Y HHst
H oldA = AE T4 FUhl & FFSE FA XS

o2 T A U olf AL AL k3t
g Ao & 3]HF A (rarefaction curve)S ©]-&3t thoF
gt =27]19] SR WA 23 2 A E Ty A
T FA oA = ATIATE dEA] ettt

>1>

29 FH9) ARAAET ARIE 2 F594)
Ao B 23 OE $4A SYIAE JEe Bol
SFeLOt BAANAE F SO HBUAS Rerk(r=
~070,p=0011). o] AT A= AR Fo] H2ts

zmx| o] 5, 2AA Y So] gri AL oujet
o AR o] ula) EAIS A%l L o]E Ajomn
B AsaEe) $9) Aol Bolx] fEel Aoz
HEIT(Kim er al., 2000). SAITH 23} 0] A Ay
o ejgh weko] WMsHA wste] F¥l EX0|§ES} )



2R SYRIO ALHME B Y 263

SHAEO ol tisll 2 S A TS A= A7
Heoh A2 ARG 1~2dWA AlEo] A= Hl&
S v (79.0%+4.9), =(672%+7.7), T+ (60.3% +7.2)
S0z Baglel] 8] T A4A fYA ko] AE
Yol A2 f33 4 Aot
AN TS E FHRET =2 X2 A4 F
So] HRBAY U (niche)E BRHOE HA|31 2
12 Bngoz BEToR A2e o 4% 0 A4
0] ALEE 4 9l UA 9 718 AHglo] Eo] A2
29| H4lo] o &7 Frk(Elion, 1958). o] o|EL o3
aglo] FAE A2 fro AoAs AAst= 2
A O} (Naeem et al., 2000; Kennedy et al., 2002),
2 Fmo ZARIAL WY 2nb dehblE st
(Stohlgren et al., 2003). 3R FFH, AR 24
A F4eh ARAE B4 1) 4DVAZ 24T 2
T}, T nt oA AR HolX YT TANE B
< TR Aol X%t Elton (1958)9] YX|o]2ut= Wil
2 AT FR4E ARABE FA0E B
HATH(r=0.58, p<0.001, Fig. 6). °]= BA A &
Aol A=Y AY E Azbo] FrhgEdt ofyet
ARl o3t gk, 71%, HE Fdol o3t BEdHS
L9 zto] Fo| FFE F A2 AR HTF (Naeem ef al.,
% AAE E47F B ol9AY
ARpo) o3t e 23} gzl Sof e $44
St gom, Be 7o U
oz RYAES HET A EY

lo

.

£ e o v o
[ oM,

i

)3

flo
ot fo

AFE T FEAY sAA N Edst= A=
S8 FFE olUAY SHF x| whet EAst A4
gon A1Zne W FAA O Edc= AZEY
D ZAE B gigt xARR 88 4+ AS A
o} SEA| R YA QL A oFt GHAQ] B
= FFst71ol, Bk ARt AAEY] &
"otsl7] Y= TRt 39 AR A
HUE o] dastrt. of22 A EY
= 7 e AYAY FHH, ABTF=,
YA =2 A2 (propagule pressure), T FE X 7
T 89l 59 AR F7tE pubEojop & oz Hlr
(Chytry et al., 2008; Kang et al., 2013).
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