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Effects of Aqueous Extracts from Naturalized and Korean Wild
Plants on Seed Germination and Seedling Growth of Zoysiagrass

Yong-Ok Kim* and Nam-Kee Chang
Department of Biology Education, Seoul National University

ABSTRACT

The soil pH favored by Korean wild plants is 5.33~7.20, while naturalized invader
species prefer soils of pH 3.95~6.48. The germination rate of Zoysia japonica was
inhibited sharply, up to 60%, in extracts of naturalized plants of concentrations over 50%.
Erigeron canadensis extract most strongly inhibited germination, while the Korean wild
species, Cassia mimosoides var. nomame increased germination rates in concentrations of
30% and 50%. The seedling growth of Zoysia japonica in extracts of Korean wild species
and naturalized species did not show differences, but was inhibited strongly, up to 60%,
in the extract of Cassia mimosoides var. nomame concentration of over 15%.

Analysis of the extract from Cassia mimosoides var. nomame identified procatechuic
acid, p -hydroquinone, p -coumaric acid and ferulic acid at 254mm; and vanillic acid,
hydroquinone, benzoic acid and cinnamic acid were discovered at 284mm. The seed
germination and seedling growth of Zoysia japonica were investigated under different
concentrations of phenolic compounds. Ferulic acid and vanillic acid were associated with
an increased germination rate, while p -coumaric acid appeared to inhibit seedling growth.
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H1 2L Z2L AASE 2ok 2 F 199062 B o ndsl] A2 YA B
2ate 2R e faAdel 3 =o] U F Azt Eo] AA HejAd nX e G o
st WAL 2 o ABAEHd F EX L EY 3 EoplAx FAE £ e A7
ol2x{}.

Ul B¥ste ANEL FA} TP o Lol W, ZYL Wol 2US A1
glon] EMg AAAFZAC] AYZFEHT HrKAber and Melillo, 1991; Given, 1994;
Newsome and Noble, 1986). %-2)1iz}o] B ¥ sl #A3H2 84, 1994; 1995a)3 A-&A1] A3}
A (g 1989)2 & o Z3lzle} wus} 7zt 23.9%¢} 17%2 & ¥ E vYehia ot A
A 2o tjR o] allelochemical 242 {4 zn ot A Falo wole} AL AAjstd

g9 998 Fustn A 55 F/MA A e F4%n S-S BAANANCl F,
1997). & A2 Bo] EXdtE Aol dutA oz A4 g F WieS7t @A Yehded o
#4890 F9 syt AEAUe 23 dAMMER phenolic compoundE ¥E{$ tannin,
terpenoid, volatile £9 +8&4]AY e E2Ye] EHJHKim and Lee, 1996; Rice,
1984). Phenolic compoundg! chlorogenic acid, p-coumaric acid, ferulic acid, caffeic acid
52 shikimic acidZ2 28 3l =0 Fxe wotd AA ST AFANE 7HA e E2old
(Duke, 1986).

A E F 53 AWz, B&, HE HAE 2 Fol FEYEY A4S AAske
allelopathy @4¢ dojl: 242 §83tn Jutn gaix 21K Chou and Waller, 1987;
7, 1993; Rice, 1984) $-2ivizt A& A B Xt F 54 € ol89 24E
allelochemical 824 vlw #23 A7 A5G 4Folh

aelsted A7 AN EH A B G4t s B $HURNE Lol an B
7 Al Fdo] AAYAEH A B EY pHE ARG o0 QA ER AP E9 T
g ¥-¥o} m2 allelochemicals® ¥43l7) 95t Z3, vitl&al, I3, 46 &3, LYY
B, A, ALY THdM dEsHE 48E AFsle olEo] Ay Botgt KA nlA|
E 9%E At on HPLCE o83l R84 & AAlskth

=27t (Zoysia japonica Steud.) & 3, 48, FHA Gl £xa IR F, thd A Ao 24
AEHALE7E 30CTE 8ol gty Wulz|e] 3| Eo] a7 wjFol W&o Juizor ¥
of gxg zde} HlwE o WHEAl wl$ Fxn WA, UiE, W dd AgHo| Fsjch
(Beard, 1973; 7 %, 1992; 41, 1995; Turgeon, 1991).

2 d7e 2= A A A E daiM =Y FHA AH o] o] Foi A
o ¥¥dts A8 Arete] 435282 2AEt AFAD AZAYG AFA A Fog FH e
B AAWT = EHQ allelochemicalsE o] §-3t7] 943t Zoysia japonica®] FpEotg 2
A3t LS AAShe AEE Badle o] HAEEE ol&sr] AT 7I2XER 8§
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KUMED F2lAZ9 8 FEHO| Zoysiagrass?) 'Wotet TR0l ajxl= 3t 239
M2 U

KHUAIEH HSAE9 MY X EY pH 55

A2 E 6F AE(Cassia mimosoides var, nomame), 2{¥]&(Portulaca oleracea), 844
2(Humulus japonica), #(Pueraria thunbergiana), ™ o}3Chenopodium album var. centro-
rubrum), 7tvbg(Solanum nigrum)® A E 8%<l W x(Erigeron canadensis), °|7]4%
(Rumex acetocella), v} = A2l F(Phytolacca americana), 7}5WF-Ailanthus altissima), A%
& (Eupotorium rugosum), Y33 =(Rudbeckia bicolor), A8lAo|(Rumax crispus), SA|
E(Ambrosia artemisiifolia var. elatior)& 19973 X &Z2w FZAF /iR L AH A}t
of B At B 2XAFE AL 9E Asen 488 FARE s3
(Zoysia japonica)E A& FENA FUstd ATt AP B AL Bo] EXele A
o ¢ AYstd EG pHE FHsigith

A S0 Ao FEYMIZT I wolt Az

F2Y9L 9 200go] FF< 1,000mlE Yol 80T 48412 Bt Mek32a1gon 15,000
rpmolA| 3087t GAZEF F 1 BEAE 4T YFmol HHAHEA B A ALt F
92 AgEa 3F A filter paper(%7 150um, pore size 5um, 1m= A3} o}S 59
9] F=E 16%, 30%, 50%, 75%, 100%2 243l Agd) ALgslgct. At Fale 7Y A7)
o] 22 Mgsta] 5% sodium hypochloride &0 387 A% & 2542 3~53] A3
&to] petri-dish(Z7 90m)ol 5084 s}Eslgory 18U S Fo] gle 32°C incubatoroA] 43]
BhESte] Ayt Wolge Judole2 A4tagoh

XE FEYHY phenolic compound A& &4

TEFET AR FAe B9 2l 324 40mlE st 3 NaCl 10mlE 714 ¥
IN HCI1& o] &38}o] pH 28 zH3lgr} of7)o) ethylether 20mlE Yo Bul ¥ etherZ 2
2 Rz s]of 2o, o] etherZol 5% NaHCO; £420mlE Yol #u] ¥ etherZ2 vig)xn
NaHCO; &4Z9hE HalQi33] ). 3¢ NaHCO; §9%& HCIE o]&3o pH 28
243 t}2 ether 20mlE 2ul ¥, etherZS #3)(33] wHy) rotary evaporator® 743}slo] &
WA 712 Ge AFES 5ml acetonitrile2 £-8JA]A membrane filter2 o3 3 & HPLC
(Hewlett Packard Series 1050, U.S.A) £44 A82 AI4-3HcHKim 1993). Diode-Array
Detector(250, 254, 284nm) ¥4 2702 Column& Lichrospher® 100(RP-18, 4mm i,d. X
100mm)& Ap2-3}9], mobile phaset acetonitrate®} sodium acetate buffer(A pump :
acetonitrile, B pump : 0.02M sodium acetate buffer pH 4.3 with acetic acid)& A}28l 3,

flow ratex 1.3ml/min, injection volume 20pl2 &}t

- 660 —



240 =Rcieks|x| H123 M3=(1998)

Phenolic compound & 09t 724Z

NEo 22 HPLCE A% Z3l phenolic compounds% benzoic acid®] 7Fo] H2lg]
Ath. xE<] phenolic compoundsZ Ztie] wotel A s &AL e phenolic
compounds £3-& YolH 79814 Lodhi(1976)¢} Kil(1992)9] WH& ¥ ¥ st A@S AAls}
Atk Ado] ALeE 92| Al 10-3M, 10-4M, 10-5M FE2 ZAsja el 2ol Aelein
golst HABARE 242 %, o8 A FVshe BIL 24, va@sich

Zu g o

KpEAIER 514129 EY pH

AN BT} AYNE Fo BIHYEE AVt ES pHE £% % Aote Table 13 2t} o)
22 TE £ 8F AsEY xT(AsEe] FEA & AY) pHE 4.05-6.88714] FH
A3 bt o A8 HASFo] £33 A 9) pHE 3.956.482 {2 pH HAE Jehidd
ot =3 AsbFel =T pHo| v|std] 4879 pHyt $2E Addstn Ao w5 B
A& vepdch AAFe pHe diz27e 48T T & Zol€ BolA] estn pH W7t
5.20-7.2322 FA4° /7te0 §& pH W& vehdoy g2 &, 7vkse 238 4
79 pH7E 24 ZAE K Table 1). ©](1990) E% pH7F B8 3¢ 7|8 X9 849
o2 Ade e A{e FFE v Ak ASE FEA difEo] AAE F29
Hr} 2 pHE Holu pHY S/} thkatel(Z 5, 1995; Kim and Lee, 1996; Olmisted and
Rice, 1974) ol& E< pHe} AT @A 7 dlon Ao EF pHE A/ Hue e 873
A& o] APAZHL e By B F fof Fibo] st $4FE H £ ke
& dAlshe Felth

o)

po

Table 1. Soil pH in the sampling sites.

Naturalized species Control Test Korean species Control Test
Phytolacca americana 4.05 395  Humulus japonicus 5.53 5.68
Erigeron canadensis 4.06 446  Pueraria thunbergiana 7.01 7.20
Eupotorium rugosum 4.29 427  Portulaca oleracea 7.13 6.92
Rudbeckia bicolor 540 595 Cossia mimosoides var. 723 701

nomame
Rumex acetocella 5.35 481 Chenopodium album var. 6.92 6.53
centrorubrum
Ambrosia .
artemisiifolia var. elatior 6.88 6.10  Solanum nigrum 5.20 5.33
Atllanthus altissima 6.69 6.48
Rumex crispus 6.57 6.10
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XA stalge] =8 FEM0| Zoysiagrasse] Holet f2Aidol| ojxl= 28 241

TCIBALY Worg s

AP B F2Ao) 2§ Zoysiagrsso] wWol& e Y FZ A4 oA 1 ALY T2
HAE, 7AFUE, uZAE e o2 ot JAHN e 4 FEA 50%0]d FEFE
o}&o] 60% v|gte 2 FAsA AAHUAKFig. 1). A2 EE<] % phenolic compound 3}
2% A3 B27 O A El b3l ¥ FFE Vel woldA gyt Acn
st eni(o] 5, 1997) Zcide] i F W7 B o] ¥ dEAH IR FAANEHD
(], 1993). Z £ Fx7t F718el wel AutA o g Wolgo] AAH o =g
Aol o3 wolg e AR E(Fig. DIe B AEY F2Y F& 30%9 50%A tt2
Hsle] 2AFHE Yepdon e 599 FE F7t mel ool AU A
HH| L B FrRE Wolgo] Fase AMFig. 2), F 7 HH|EE A ERY & 2
olgg dAsigenz g Ful ol Hu|Ee] EXE AAAHE ZaAI|e Ao] AT

K
2 o £LR oo nf

s g
[ )

]

d

F2ad IS AES AYstn A EF APYE 25 AR 5 F7t w}
AR E JA G 2 K Table 2) Az 2o Hjdtd AP LS F2AB] F29 100% F=
A B dAAsA AU AE] 5w 15% RO AFE 50% o] e FoA%
< A AdASAonz AP EQ] AFo] FxA Jrd Fo] EAste Aol AHFTA

9] Wole AT FI4FL AAstd & A8 FXE 2FFo2H 439 HEELL B8

m '\\\\

Relative germination rate(%)

0 . . e
15% I % =) W%

<@

Concentration of extracts

—e- Phytolacca americana -w~ Ambrosia artemisiifolia var. elatior

-4~ Ajlanthus altissima —— Erigeron canadensis

Fig. 1. Comparison of germination rate at 18 days after sowing of Zoysisa japonica with
different concentrations of aqueous extracted naturalized invader plant
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Relative germination rate(%)
3

15% I 5% 5% 100%
Concentration of extracts

—e— Humulus japonica —a— Portulaca oleracea

—0— (Cassia nomane —®— Pugraria thunbergian

Fig. 2. Comparison of germination rate at 18 days after sowing of Zoysisa japonica
with different concentrations of aqueous extracted Korean wild plant

o A% 452 Astel 4242 24 GAY A}
& Aol AERASE ZAGHE AT So| 451
Ago] F4aT A HABAL olgFo 2N Ay

71 Mamstel Mol H e Belachy e Wole

g 4 vz Alggd. @4 224 3y
23 A callusdl] thefst A EEE

AEd(d &, 1995a; 1995b) & A
U AEFAY o7 e} e E

z

T
=
.
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Table 2. The seedling growth of Zoysia japonica for the naturalized invader plant and Korean wild
plant(Mean +SD)

Extract concentration (%)

Species Aqueous extracts Control
30 50 75 100
Phytolacca americana 21+2 232 205 20+4 19+4 11+0
Rumex crispus 21+2 212 19+2 19+6 19+3 18%7
Natura_lized Ambrosia artemisiifolia 21492 94+3 92+ 9243 1844 1844
species var. elatior
Ailanthus altissima 21+2 25+3 213 1744 1242 +
Erigeron canadensis 2142 24+1 185 410 0+0 +
Cassia nomane 21+2 11+5 55 22 0x0 +
Korean Portulaca oleracea 2142 214 21+2 20*2 18%3 1
species Humulus japonica 21+2 202 19+3 18+4 15t5 +
Pueraria thunbergiana 21+2 22+7 223 17+4 16+12 +




RNAMSH e E] 8 FBU0| Zoysiagrass Wolet 4R |zl HY 243

3453 f247e dAE LT HY 4 YT ¥ ohld NTEEH o) ALY £ Uk
o

Holg Aolzg ¢& R2& A7t ettty A€o

*BQ 42

ABAE F 2HE9] 16%% 30% F= FEAA Hj Fapdolge] FrHHAer 2%
L g7l Wt 60%c]d AAEHNE UYeYorng AEFEYe) HAREMS HPLCE o] &
sl A tHFig. 3). Phenolic compound 5 254nmoj|A] retention o] u}g} proto-

DAD1 B, 5ig=254 4 Ref=350,100 of KIMYK-$1021-0101.0
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Fig. 3. High performance Liquid Chromatography (HPLC) identification of phenolic compound on
aqueous extract from Cassia mimosoides var. nomame
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catechuic acid, p-hydroquinone, e-coumaric acid, ferulic acid7} EA= %o 87]2] peak
7} JEhgt). 284nmoll A &= vanillic acid, hydroquinone, benzoic acid, cinammic acidZ o]&
% benzoic acid?} 713 ©e %2 Vel 3 p-hydroquinone, cinnamic acide] ¢£o2 & %
£ Byt gutdog FHAEo] dlolel 42ARL JA|st= 4 &9 phenolic compound A ¥
& B8 benzoic acid®} ferulic acid7} & ¢& Ax|stn Ak Rietveld, 1983; Williams
and Hoagland, 1982). 2 A&djx & okZ X9 benzoic acide Fig. 4G¢} Fig. 59 Zo|
phenolic compound F%E 2 wols} §2AF ] AN Z olg Holx] YskAgt p-hydro-
quinone®} cinnamic acidy= #c]FEAle] wolel {FEAHA-E AR AA|slgcHFig. 4D, E,
Fig. 5).
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Fig. 4. Comparison of germination rate of Zoysisa japonica with different concentrations of phenolic
compounds Fer.: ferulic acid, Ben.: benzoic acid, Caf.: caffeic acid, ©o-cou.:p-coumaric acid, Cat.:
catechol. Cin.: cinnamic acid, ©-hyd.: p-hydroquinone, Syr.: syringic acid, Van.: vanillic acid, Pro.:
protocatechuic acid Cont.: control
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Length of root(mm)

Cin
p -Hyd.
p-Cou
Caf
Cat
Syr
Fer
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Phenoiic compounds

ROOOM #0000 0 00000M

Fig. 5. Comparison of seedling growth of Zoysisa japonica with different concentrations of phenolic
compounds Fer.: ferulic acid, Ben.: benzoic acid, Caf.. caffeic acid, p-cou.:o-coumaric acid, Cat.:
catechol, Cin.: cinnamic acid, p-hyd.: o-hydroquinone, Syr.: syringic acid, Van.: vanillic acid, Pro.:
protocatechuic acid Cont.: control

Phenolic compound¥ 20123 FI4Z

AEFEA0 N AAHEHE benzoic acid?] 7% Yutdoz gol AEA EEHO =
caffeic acid9} catechol 229! 9%2] phenolic compound2 7}zte] ¥ =& 10°M, 10*M, 10°M
2 Agsta] BolgE FAIHTHFig. 4). ol ¥ 27 Al /e 2§22 EREAEY RA 2
& UYzT Bt 4 504 dolge] £1Y 15(Fig. 4. A, B, O), 4 152 B2+ Er}
dolgo] A HAY & FEN s e AHFig. 4. D, E, ), A 215 4274 4 5=
B2 Polgol AolF RolA v ZHFig 4. G, H, D2 FEHUT 459 2Hed| ge
A Eo] wole} §2HRE ARl AL 1 Bu|EHo] B 4 stressE Fo| A E2 AR
fo] gslA o]FolXA Fertn & E(Patterson, 1981; Tillberg, 1970)9} #o] ERIE
9l cinnamic acid, caffeic acid, p-hydroquinonex ZtjEz}e] wolZ A siyct &3] Fig.
4-A M= 10-4M7} 10-5MolA £ == Lodhi(1976)e A& FZ Ao o|sle wolel &
2ol AFE ol Aol Ago] A nE Aol Fuldn Eug vt ed 53
ferulic acid9} vanillic acid7} £d&7E Belcka sigch

%3 phenolic compoundd Zt oA 9] §ZMAL p-coumaric acidojA] 71 @A A
AE Jepgon 27 visled AutEo g gxv} F71e] wi oldH e o wet §2

A zro] A ¥ 18 p-coumaric acid, catechol, ferulic acid, benzoic acid, protocatechuic
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acid)? 10'MEEZ0A 2o}t 10°M3} 10°MEEdA F248%0] dA=E 1§ (cinnamic acid,
o -hydroquinone, caffeic acid, syringic acid, vanillic acid) 22 ¥FHtKFig. 5). £ 24g4
7} 2}Z 9] phenolic compound & p-coumaric acid= Zcje] Wol8S Holi F24AE oA
A A2 2AEQe ol EA L Aol el Aull SloiM Adsie o] &8 7hxst
Qe E42 Atgdch. 2§ A E9] phenolic compoundel] 2|& drje] wolet {2l
of olo] ZaPel AzA AHFO2 Qe ik BAYo] BAHER Do)we) F2A A
o] HAYAEAZ o] &3 A2EHE A EZANL] g 7% F3Hojol & Aoz A
o

N>R
o ag

2 ¢

ABER AstFe] EF pHE 33 27 A4 Fe] ES pHEA= 5.33~7.20Q1 v+ Hs}
%9 E¥ pHe 3.95~6.482 A Fol vldle AsFe] pHt 23ch A E F29 50%
FE O)AFHE 9 Wolgo] 60% wTeR FAHA JAHUH FxFEde] /M &
A woldAl g Bl i, XA EQ] AEe] 30%9 50% F2A LA dolgo] F718Y
o AYAEH ABNE 220 9@ BT 4244 dAE &SR0 B} E Ao|E wol
A FRAY AES S 15% oA &9 FrolA {2l 60% ) AASA AA
H3tk HPLCe] 23 AEFEAe ¥ B4 Zi 264nmo)A protocatechuic acid, p
-hydroquinone, p-coumaric acid, ferulic acid7} #AEx 284nmol|A = vanillic acid,
hydroquinone, benzoic acid, cinnamic acid7} #4152}, Phenolic compound 2} 22
t]o] Wwolel G2 AE FAIE A3 ferulic acid9}t vanillic acide Zt]o] Wol&E Z7IAZA

31 p-coumaric acidye 2L A AL

2] g

2 a79 £9 £8¢ 34 BRAULTL ARG A BAE =YD

L A4d, A4, 334, A5E, AvE, 454, olZA, TJF. 1992. GolfF &l 7127
A4, dxztdTa p 80.

2. A8, o|5F, ALF, £FF. 199, rIdayFe o FEA ZTAX e W3l
PlAle 9% S=-Egtsl A 19(5):385-392.

3. 71142 1993, 2l7|ch v allelochemicals7t = 2 4189} Eapdol, NEXTR 2 59§
2 Aol vXs J%. dxista wAlEhe =7 88p.
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