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ABSTRACT

This study was performed to investigate the allelopathic effect of water
extract of Modiola caroliniana in order to provide a reference base for
measures to utilize changes in species diversity using belt-transect and
herbicides and fungicides, and to identify the effect of community formation
of Modiola caroliniana on underground flora. A decreasing tendency in
number of species and species diversity was shown as species were located
closer to the habitat of Modiola caroliniana, in the order of group 1
(8.67+2.08, 1.96+£0.26), group 2 (7.67+0.58, 1.75+0.19) and group 3 (3.00+1.73,
0.33+0.35). An overall reduction was observed in relative germination ratio,
mean germination time, relative elongation ratio and fresh weight of receptor
plants, as the concentration of Modiola caroliniana water extract increased. A
slight difference was found according to the types of receptor plants. A
stronger inhibitory tendency was seen in the underground parts of receptor
plants compared with aerial parts. The root hair length and root hair density
were substantially reduced as the concentration of root hair growth increased.
The inhibitory effect of Modiola caroliniana was found on microbial growth
as the concentration of water extract increased. A difference was shown in
the degree of inhibition according to the types of microorganisms. The total
polyphenol content of Modiola caroliniana was 4.59£0.16mg/g, and total
flavonoid content was 6.56+0.05mg/g. The content of soil polyphenols present
in the soil of Modiola caroliniana habitat on the investigation site was
highest in group 1 (0.09+0.03mg/g), followed by group 2 (0.10+£0.00mg/g) and
group 3 (0.11 %0.00mg/g). The content of soil flavonoids increased in the
order of group 1 (0.11+0.02mg/g), group 2 (0.13+0.00mg/g) and group 3 (0.17
+0.00mg/g), exhibiting the same trend as polyphenols.

The above study findings suggest that Modiola caroliniana retains a
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competitive advantage over native plants by influencing the germination and
growth of underground flora by releasing phenolic compounds and flavonoids

having allelopathic effects into the soil.
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SEATH ZF T FE 17A 25 & wiYgete] sd Atol=E A7) 93l cork
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E@Enumber of species -®-species diversity
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—— ©
o 0.5 @
3 s
O
g 0.0 o
= w
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0 ) -1.0
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Fig. 1. Various number of species and species diversity index.
1 site, outside area patch of Modiola caroliniana; 2 site, border area
patch of Modiola caroliniana; 3 site, inside area patch of Modiola
caroliniana. The different letters are significantly different at 5 % level

DMRT.
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o
F2 wolm 584 FEAe ARAYSE P9, FEANTY FF o

e Z4zbe] Abdwol gt Fiweldsel A Aol s mTh

e wolE X @tow  F(Raphanus sativus), F-F(Allium
tuberosum) 3+ FER7F molAFE Wolrt A= Aow FAMHJT wbA
A ol(Plantago asiatica)?l 74-%- 5% A TolA 103.0%, 10% = 2] ol Al
101.0% % tZz7-o Hlaf Wolgo] =okAIvk 20% A& 7oA 99.0%, 40% = =]
TolA 828%% Wolgo] o on FLrt Fobd 5 Wolgo] Yropx =
How ZAEQ o™ wlF(Brassica rapa var. glabra)= 5% A g oA
101.7%, 10% A 2] 7-oll A 98.3%, 20% A 2]l A 96.8%, 40% A & T-elA 57.6%
2 2 AFor AEJAHFig. 2).

T84 FEdo g SA=Hnlse] x4 Hidold = 6.88Y, 5%
A= 7399, 10% A2 T+ 8.00¥, 20% AT+ 818, 40% A7+
olE oA tom T ool 2.09¢, 5% AT 1.67Y, 10% A5 2.31¢,
20% A= 2369, 40% AT 3.45Y, WiF ol 1.29¢, 5% AT+
1534, 10% A7+ 1534, 20% AT+ 2424, 40% A=+ 4754, +5
g2+ 2729, 5% A= 3179, 10% AT+ 4.04%, 20% 275 3.59Y,
40% AT+ 71564, Aol tx+= 7.15¢, 5% AHE T+ 5914, 10% A &+
T 6414 % dxTol e Zols Wi Aow EAMHASH, 20% A=
7269, 40% AT T+ 948Y 2 FTLU) wmolA s Hyrdold gt FUtE = A

o2 ZAE A (Table 1).

it
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120 OCont. 5% B10% B20% B840%
a5

100 r

80 r

60 r

RGR(%)

20

A B C D E
SPECIES

Fig. 2. Relative germination ratio(RGR) of receptor plants grown in Petri
dishes with wvarious concentrations of Modiola caroliniana agueous
extract. The different letters are significantly different at 5 % level

DMRT.

A, Brassica rapa var. glabra; B, Raphanus sativus; C, Allium tuberosum; D, Plantago

asiatica, E, Bidens pilosa
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Table 1. Mean germination time(MGT) of receptor plants in petri dishes

with different concentrations of Modiola caroliniana aqueous

extracts
Species Concentration (%) MGT(day)
(Mean + SE)
Cont. 1.29£0.07¢
5 1.53£0.10c
Brassica rapa var. glabra 10 1.53+0.22¢
20 2.42+0.11b
40 4.75+0.80a
Cont. 2.09£0.23bc
5 1.67£0.09¢
Raphanus sativus 10 2.31+£0.48b
20 2.36+0.14b
40 3.45+0.06a
Cont. 2.72+0.45b
5) 3.17+0.71b
Allium tuberosum 10 4.04+0.76b
20 3.59+0.62b
40 7.15+2.33a
Cont. 7.15+0.90b
5) 5.91+0.38c
Plantago asiatica 10 6.41+0.64bc
20 7.26+0.06b
40 9.48+0.42a
Cont. 6.88+0.38a
5) 7.39+1.44a
Bidens pilosa 10 8.00+0.06a
20 8.18+1.45a
40 0.00+0.00b

The different letters are significantly different at 5 % level DMRT.
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&4 FEHo dig AEFFY BN GES F(Raphanus sativus) 5%,
10%, 20% A= F7FA S7tE e AeS BAa, 40% A Foll A e 794%= A
Zol A Ao AZAol(Plantago asiatica)= 5%, 10% 8] 77kA] Aol =
ZFE o 20% A Fel e 96.2%, 40% A Fol A e 63.6%= Ago] oA
Yo, wlZF(Brassica rapa var. glabra)©= 5% A& 7olA 105.6% A 57
Hth 10%, 20% Aol Aol JAlE o] 40% AP TolM= 64%, FF
(Allium tuberosum)© 5% A2l T-olA 62.7%, 10% A&+l A 47.3%, 20% = €]
Tol Al 435%, 40% HE]FolA 39.6%= AFo] AA Yo, = b=
(Bidens pilosa)< 5% 27X 985%, 10% =] 2] F-oll Al 96.2%, 20% = 2|7l
A 88.8%, 40% AT+ HolE sHA & Skth(Fig. 3).
|A AEY A B¢ AGFEY 3ot F8A FE i)
A3k RbEE Kol AR Ase Aol dAS AAE B 84
o] g Ao A EE SA=ARMEd BS 5% A el A
75.6%, 10% A2 F-olA 65.6%, 20% A& Tl 60.9%= Ago] A= ],
v 3= 5% A Ttell A 67.2%, 10% 2l Ftoll Al 35.5%, 20% A 2] F-ollAl 9.4%,
40% A2l grell A 29%= Aol dAHN e, dA o= 5% Aol 985%,
10% Aol A 79.2%, 20% Azl A 45.9%, 40% & T-ellA 26.3% Aol
AAE) o, F= 5% A FAA 81.3%, 10% # 2] F-ol A 79.8%, 20% = 2+
ol A 79.7%, 40% AT TolA 458%% A EAon, FFi= 5% Al FolA
97.5%, 10% =& 7oA 83.4%, 20% =2 -olA 62.0%, 40% A 2]7-oA 59.5%
2 FEAFES = okdaE AstE Aol dAGA Hidte HoR
ZAHE A (Fig. 4).
T3tdobs FEAo FHufA A B FAE FFo AAFE dET

0.497g, 5% g T-ollA 0.350g, 10% A T-olA 0.310g, 20% = 27"l A

-

g
rol
N

"
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0.240g, 40% A2 F-olA 0.097ge 2 &AA & 3t

N
B
off

bl Ex=7h
A Fas Bt v, wfjFe] BAFS iz 1.068g, 5% ATl A
1.150g, 10% A4 0930g, 20% A el7-°olA 0.343g, 40% = 27"l A

Hir

}A5= A

0.107g, F< AA =2 =+ 2.390g, 5% 2.753g, 10% 3.707g, 20% 4.237g, 40%
1.533g, &A= al=9] A FS x5 0.557g, 5% 0.707g, 10% 0.527g, 20%
0.317g, 40% A& golM = Tots oA o} FAHA RXsilon, dAFre
=& e TH(Table 2).
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Fig. 3. Effects of wvarious concentrations of Modiola caroliniana aqueous
extract on shoot growth of receptor plants grown in various
concentrations. The different letters are significantly different at 5 26
level DMRT.

A, Brassica rapa var. glabra; B, Raphanus sativus; C, Allium tuberosum; D, Plantago

asiatica, E, Bidens pilosa
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Fig. 4. Effects of wvarious concentrations of Modiola caroliniana aqueous

extract on root growth of receptor plants grown in various
concentrations. The different letters are significantly different at 5 26
level DMRT.

A, Brassica rapa var. glabra; B, Raphanus sativus; C, Allium tuberosum; D, Plantago

asiatica, E, Bidens pilosa
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Table 2. Effects of various concentrations of Modiola caroliniana agueous

extracts on relative fresh weight of receptor plants

fresh weight(g)

Species Concentration (%)
(Mean + SE)
Cont. 1.068+0.225a
5 1.150+0.299a
Brassica rapa var. glabra 10 0.930+0.207a
20 0.343+0.191b
40 0.107+0.015b
Cont. 2.390+0.315bc
5 2.753+0.983abc
Raphanus sativus 10 3.707+1.130abc
20 4.237+0.396a
40 1.533+1.384c
Cont. 0.497+0.064a
5 0.350+0.056b
Allium tuberosum 10 0.310£0.017bc
20 0.240+0.026¢
40 0.097+0.029d
Cont. 0.127+0.055a
5 0.117+0.021a
Plantago asiatica 10 0.123£0.023a
20 0.110+0.010a
40 0.057+0.012b
Cont. 0.557+0.015b
5 0.707+0.085a
Bidens pilosa 10 0.527+0.093b
20 0.317+0.119¢
40 0.000+0.000d

The different letters are significantly different at 5 % level DMRT.
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3) T84 FEdA 9 ¥od T

Az AedA el Beyd Edle] e, FIERF, T 5= e 7#
&

o

o5 AEAL A} s WHF BAZ A3 ATkl 2000. F8H FE
o BE7 wolAFE §489 WY Zolst wIWAY WeHe] 7 oA

Z3slelol Lo 84 FE=do W3t F(Raphanus sativus), F-F(Allium
tuberosum), A7 o] (Plantago asiatica), =270 ¥l5(Bidens pilosa)2] 2] =
fegS B S84 FE4 5% ATl FE wi AstA A= A v
W wWl3(Brassica rapa var. glabra)= 5% Az FolA = thRFHU Sojd o
Aolet gejiA g Hede] FrF FUFEAL, 10% AT o]l FE A

geo] gAls = dds el t(Fig. 5).

&
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Fig. 5. Development of seedling root hairs with different concentrations of Modiola caroliniana aqueous extracts.

A, Brassica rapa var. glabra; B, Raphanus sativus, C, Allium tuberosum; D, Plantago asiatica, E, Bidens pilosa
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Allelopathy A4S doy|e= EdAzgE 259 AAS =7 - oA8=
allelochemicals¢} &1t/ & & (phytocide) . THKim and Lee, 1996). =3} ¢] o}%- 9]
allelopathy @74 78 e d&oz =sielopso] w84 FE 0 e T
= 3 A F8A4 FENY st S dANY S 3 A T3 ou
vl oz nAEe] Aol A= & A 84 FEY v=¢
nAE el Fiel wel JAGE 2olE B AtH(Fig. 6).

Alternaria brassicae?l 78-5 T84 FE=H o dial dx=7(100%), 25% A=
T(123.3%), 50% #]2]7-(133.5%), 75% A 2]7-(133.9%), 100% =& 7-(137.3%),
Fusarium oxysporum+ WZT(100%), 25% A& 7(111.9%), 50% Az
(112.9%), 75% A& 7-(1185%), 100% A&7 (127.2%)= =7} F7+g ol wat
TALel RS ZRA A oW Phytophthora capsicis ™ Z7-(100%), 25% =&
(100.9%), 50% A& (87.9%), 75% A& F(75.8%), 100% A& 7-(59.3%),
Pythium graminicolai= W™ZT(100%), 25% A2 7(72.1%), 50% =] 2] 1(52.9%),
75% A2l 7-(43.2%), 100% #]2]7-(25.9%), Pythium ultimum<= ©H37-(100%),
25% A 2] 9-(99.4%), 50% A& F(79.1%), 75% A El7-(70.9%), 100% A&+
(59.1%), Rhizoctonia cerealis= W™ ZT(100%), 25% 2] (88.5%), 50% =&+
(87.6%), 75% 2] 7-(84.8%), 100% A 2]7-(76.4%), Rhizoctonia solani AG-1(1
B) & Wx=7(100%), 25% A8]7-(97.0%), 50% A #]7-(94.3%), 75% A&+
(88.4%), 100% A&+ (78.2%), Rhizoctonia solani AG-2-2(IIB)+= WxET
(100%), 25% A& 7(82.7%), 50% A 2] 7-(81.3%), 75% A& 7-(76.2%), 100% =
Y (TL7%)= F=7F Shekel  wel Aol A asklal,  Stemphylium
vesicariumv= ™ Z7(100%), 25% A2 7(101.6%), 50% A& 7-(104.5%), 75% *
2] 7-(100.6%), 100% A2 7(99%)= 50% A F7MA = cAdoez F7hshth
5% 8 Aol AAE = Adom HAHACH, AR AP mE Mz o
2 s B (Fig. 6).
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Fig. 6. Colony diameter of fungi taxa grown in PDA medium with various concentrations of Modiola caroliniana aqueous

extracts. The different letters are significantly different at 5 % level DMRT.

A, Alternaria brassicicola; B, Fusarium oxysporum, C, Phytophthora capsici; D, Pythium graminicola, E, Pythium ultimum; ¥, Rhizoctonia

cerealis; G, Rhizoctonia solani AG-1(1B); H, Rhizoctonia solani AG-2-2(IB); 1, Stemphylium vesicarium
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H(Jeong et al, 2007), ZetH xol=x dHuA 3FE dFolmz 7} A5
FogHwolts FHFE F dE T sYT AIFS Eidvh FgERxol=e o
%t 656+£0.0omg/g, = 3}YotS

0.02mg/g, = A EFLS 0.13£0.00mg/g, 7= U ELF2 0.17+0.00mg/g =2
2 ZAE AT F3kelole et 2 dgE EY U F dle 2 EFeR 00

= sheFo] F7kst ok (Table 3, Fig. 7).
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Table 3. Total phenolic compounds and total flavonoids of Modiola

caroliniana
Total phenolic compounds Total flavonoids
Total content(mg/g) 4.59+0.16 6.56+0.05
0.20 -
Total phenolic compounds = Tolal flavonoids
a
0.15 -
o) c b
e~
2 a
= a a
S 0.10 - '
C
O
O
o
° 0.05 -
0.00 -
1 Site 2 Site 3 Site
Site

Fig. 7. Total phenolic compounds and total flavonoids of experiment site soil.

The different letters are significantly different at 5 %6 level DMRT.

A, outside area soil; B, border area soil, C, inside area soil
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Allelopathy & ¥}+= phenolic acids, terpenoids, flavonoids, polyphenol & T
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Ino, 2005)3L H 313}% 2 allelochemicalsi= AlA 3 Z3 By = Z7]d W&
oA (Eltun et al, 1985), &, &7], A A=Y olE F3 40]A
bioassay 3 Z¥ o} JWHAI AGFS A4 A7]H(Fadayomi and Oyebade,

1985), A& o] Qzst sl ol ojABAe] o] oA B AEe] 4w

o

0

O

N7l A3E 7 $kar(Weston and Putnam, 1985), ferulic acid:

2
U vanillic?} protocatechuic acid®Z ¥ 3h(Blum and Dalton, 1985)
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T 9] caffeic acid, ferulic acid, p-coumaric acid, hydroxybenzoic acid’} 3
ot B uollA gt dEE ASHor IES] A EYrAd=E
FEFS MAY EdSES W3t Ava §kel

asee AAEd FakelolsS AN Ee] ATl 9l allelopathy
F9E Yede de gde
3 o= F3 WEste] s W B ve =2y ZgstA vddst A
2 EATGoRA o5 o

L
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A= AeANA ZAA -5 Aok Aoz Alsd
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wspQlobs et TR 1H A (867+2.08F, 1.96+0.26), 2 AT
(7.67£0.58F, 1.75+0.19), 3¥ ZAF-(3.00+1.73F, 0.33+0.35)c o2 ZHAFTT, &
Q@
¢}

WAL TR wE gAY AxE AE Bt Fgdelse] F odeEdEde
459+0.16mg/gol ™, ZetH wo]= 3ZF S 656+0.05mg/gol W, F3}Fel ol
A ZAAA G BEF W F dE FHEe 1M 2ARH(0.09+0.03mg/g), 2 FAMT
(0.10£0.00mg/g), 3 ZFAFH(0.11 £0.00mg/g) o2 ST7FEAoH, B W =
gH o= ke 1 2AFH(0.11£0.02mg/g), 29 Z=AFH(0.13+0.00mg/g), 3™
ZAF(0.17 £0.00mg/g) =o® F7HH ] HEdEd 2 A4S BAth

ol ANE T Fsholote A ET] AT o] AR A
Z29E Jegue dE 38E 2 ZgRwoEE 3 Y EYor WEEY 3
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