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ABSTRACT

In order to investigate the competitive dominant, herbicide and antifungal of
Amaranthus  spinosus L., this study was investigated germination
characteristics as effects of several temperature conditions on germination of
A. spinosus L. and allelopathic effects of A. spinosus L..

The germination of A. spinosus L. increased with the rise in temperature.
Especially, it was the highest at 35~40TC treatment but decreased at 45T
treatment. It was generally decreased the Relative Germination Ratio(RGR),
the Relative Elongation Ratio(RER), the Relative Fresh weight Ratio(RFR) of
receptor plants by the aqueous extracts of concentration of A. spinosus L. but
differented to growing regions and the kind of receptor plants. The antifungal
activity was shown by increased the aqueous extracts of concentration of A.
spinosus L. in Phytophthora infestanse, Pythium vanterpolii, Diaporthe citri.
and Sclerotinia sclerotiorum, Botrytis cinerea Rhizoctonia solani AG-1(1A),
Rhizoctonia solani AG-2-2(iiiB), and Rhizoctonia cerealis. On the other hand,
it was unrelated the growth of Glomerella cingulata, Pythium ultimum with
aqueous extracts of A. spinosus L. So it showed different effects according to
species of plants and microbes. The total phenolic compounds content of A.
spinosus L. was decreased gradually middle, first, and last of growth stage
and was decreased gradually to leaves, roots, and stems.

Therefore, 1 think that A. spinosus L. hold a dominant position by
germination characteristics  and allelopathic effects in ecosystem of Jeju

Island.

= Vil -



an 7
4 Ex nergor qHth 1 F 9¥E ARg AAAE Susu B
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o=, At B o5 AujA] Wrt xed A ugho] AA4E Aot

Sgutgol A Aol 3 AFAE Y BX Fe How A= It
AT7F EAAQ A& 1980 o] R -E gt & 4 Ak 1980 W SR
JE AN ELS F 1109F o2 2AHA 0T 1995 F 194F 2002 ol &=
% W1Fo 2 ZAHATH1995a, 1995b, 1995¢). 38 A FH EFAS Ad A
FE ASAE EAbe 19149 BRI ZHEA914)7F 25 Bl & F v d
(1994)¢] 75%, Yang et al.(2001)°] 188%F, Kim et al.(2006)¢] 254F 0 2 H il %
I 9o I F 37ES AFEAW EXE s vh(YF, 2003; 3, 2006). 7HA
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©

(Hypchoeyis radicata L.), ¥ Zingigiber mioga(Thund.) Rose.), =48 A
(Rumex acetosella L)& AlFEoAA &4k 2 A& =1 A Aol 373 A
o7 o ¢S = JteAel =2 FATFFLRE B oW I F JRAHIES
") & 3 (Amaranthaceae) 134 ZE2 52 Holvg7l akoln] oo}
of de] w¥3sta i Ut 10F FER=2Z A FHoAJH(H 5, 2006, £,

2005). Aol A 7AW E2 1970w o] & HxA|o 3 fFExE SR ol



7] wiZolth (LeRoy et al 1977, %, 2003; 71, 2006).

A& AAYEA oA M2 AFAqA £ A&HS nfgoz
AR F gddS fAfsted ols aEol 2a Hold x| A A
allelochemicals& #H|FFOo A ThE I T Wolst S A8t Al 9
FAE st HJA AAFE VA AT FEE P IHRice,

1984; Iderjit, 1996, Kim and Lee, 1996). ©]& ¢t &/}S allelopathy &} 3k},
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Muller, 1970; Al-naib and Rice, 1971; Weidenhamer and Romeo, 1989).
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and Tang, 1986; Rice, 1984; Horsley, 1977; Rice, 1979; Rizvi and Rizvi, 1992).

°o]5 % phenolic compoundsi= 2 E AWl 71 thdsta Be o] dHf-H o



A F-e Ao wel YA wkSeEtE WolAl A EE 2 FH o thFst Fof
g+ A A7 ¥ a3 v (Santiago, et al, 2000, Sakihama, et al., 2002).
Stijst=  olfr & stve #EAES] phenolic

} tannin, terpenoid, volatile 5 allelochemicals”} E}2] & ] o

componds& 3%
gk ol AGAA 9} A e A Ho|, FAAA Tl #Asta 97
u) Zo]2kal dHoh(Hussain, 1991; Kim and Lee, 1996). $-2]ughol A o] o] &g 3
d AT 19909 ol F A FAspAE Foll ARt o] FojA & W oAt
A AAAQJ AF7F vl g3 Aefo]th(Rice, 1984; Curran, 1986; Jin, 2001; Yu,

-

1995).
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o. A= R WY

TP E ] ol AALEE dotry] A8 2006 9EFH 108744 AFE
AR oAl = HA Fol A FAE ALk TS A Sl I
Ao 2 209 gFstdon olg & Zh7bel AFAH (20T, 25T, 30T, 3
5T, 40T, 450C)ell ¥ol dd wWolFE XASIAOH olE o] §ste] Wobs

(Percent Germination, PG), o}*| 9=(Gemination Index, GI)E 4F=3}it}.

NEVTH
iy of &(PG) = Y | x 100
S(F AT A

2. 7}A1 8] & 9] Allelopathy &3

2-1-1.584 F&94 Ao g3 wol € FAE AF
TN ES AFE-ARAE oA E5A FtolA 200610 10€] AFH s F
AA A & (Donor plant)=  Astal, AHSAZWM(Trifolium incarnatum), -

(Brassica campestris subsp. napus var. nippo-oleifera), "W E =2}~ (Agrostis



stolonifera ssp. palustris), S=70\¥|8}=(Bidens bipinnata), 7% (Trifolium
repens), A% (Astragalus sinicus), AFNAE] (Medicago sativa), W
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multiflorum), 7}ABE(Amaranthus spinosus)< & A2 & (Receptor plant) &
datglon, ols FA= AMFSAY FEAANA Fdste] A hael H sk
A8} At

2-1-2. 84 FE9 =4

nAE AFAH ALES 84 FEA FHl= JMARE AEFT 100eT T
T 1000meell HAske] 121°C
0.053m)E Atgste] FHES AAS & oA (Advantec No.2)Z thA] sh
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2-2. FEFE AN YFAY
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v A=l Diaporthe citri, Botrytis cinerea, Rhizoctonia cerealis,
Phytophthora infestanse, Pythium catenulatum, Pythium graminicola, Pythium
vanterpolii, Pythium ultimum, Glomerella cingulata, Rhizoctonia solani
AG-1(1A), Rhizoctonia solani(1B), Rhizoctonia solani AG-2-2(iiiB), Sclerotinia
sclerotiorum< ¥=75 U A E AL AE (KACC)ol A £ wrol Aol ARE3Ed

WEzTE SHFF 900mlol Potato dextrose agar 39g¥ Agar bgs &3 3o
FAa A
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ofs

g FrEER Yu ngEFstol
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colony diameter= v F2] A& A3}E =74 I H(Costilow, 1931).
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Table 1. Culture conditions and media of test strains

Test Strains Media Temperature(TC)
Diaporthe citri PDA 24
Botrytis cinerea PDA 24
Rhizoctonia solani AG-1(1A) PDA 24
Rhizoctonia cerealis PDA 24
Rhizoctonia solani(1B) PDA 24
Rhizoctonia solani AG-2-2(iiiB) PDA 24
Pythium catenulatum PDA 24
Phytophthora infestanse PDA 15
Pythium graminicola PDA 24
Pythium vanterpolii PDA 24
Pythium ultimum PDA 24
Glomerella cingulata PDA 24
Sclerotinia sclerotiorum PDA 24

2-4. AR 7| BE FAE FIARHEY F = FFEERA

AFSEAAE dd5 Tl AdSE 7 ES 527, A5F7], A

FE712 vol AIER AR Sla 538 el A o 309 o] dE A

A E stdon, F dHiE IS Prussian blue WMo 573 tHGraham,
1992). F=&3+ 7FAIHIE 100pel S5 3ml, 0.0IM FeCls/0.IN HCL 1md,
0.016M KsFe(CN)s Imls Sgsto] &gt & A4 1583 WA =+
Stabilizer(H20: 1%, gum arabic: 85%, phosphoric acid = 3 : 1 : 1, v/v/v) bmd
S H7e & 700me A FEEE SASAY. F A= HS gallic acidg ©] &

sto] HEEA NS ZAsta gallic acidol ek Fakoz A3}

L



L2 A8 E(Amaranthus spinosus)®] ol &S xAbsk Ay}

o wl Wol&(PG) = FT7hets &S B, 40Col e AATA Hol&
o] Zadte BFS HAT 53] 40TTddA 3F 2443t F 63.3%, 48X F
81.7%, 72X 3t ¥ 86.7% % =< WolsS Wt WolAF(GDE Eolsd #2



[ 1day B 2day B 3day
100 r

[

Percent germination(%)

20T 25T 30T 35T 10T 45T

Temperature (¢ )

Fig. 1. Effects of various temperature on percent germination(%) of
Amaranthus spinosus.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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18 r b

1.6 1

1.4 |

Germination index
[l ] {a5n] —_
= o o = ko
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R
T
1]

=

20C 25T 30°¢ 35C 40T 45C

Temperature(C)

Fig. 2. Effects of various temperature('C) on germination index of germination

of Amaranthus spinosus.
The different letters indicate significantly different at p<0.05 by Duncan’s

multiple range test.
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2. 7}A1 8] £ 9] Allelopathy &3

2-1-1. A EY $84 FEANAY Lo} Y
AAuEe] $84 FE g FEANT WolE AP A F84
FE9 BEsb ZoHgel whet WMEZ a0 JEelR(RGRIO Hast: 3P

ENE, A, 7SS FEAEE 50%

=

o FHH Al olstA] @kom FA, viF, AFIHAE = FEAEE 25%0|

ME AE dolelA] Ut WESeA9 HARZES 22 W (Gramineae)d A

B JMHIEe FE&AAFEY o wEl AR o2 dAe AEAolE: Heli, E

Z3 AFAYE 2e EVNEE(Trifolium) DA 2t

o wetd FEA A Sl wel ol A AEe] Aolrt A= Ae® UEH
WolE& A (G, ol = AF(CVRIY] FEA5E7F S7ksted ot 3Hast

N BHH Fdold F(MGT)= S7eke Ao 2 YEwT

(Fig. 3. ~ Fig. 10.).

Aol A= AeolE B

3% nolu
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OCont. B2b% ®@mHh0% @m7b% mI100%

12b r

100 r

RGR(%)

50
25
0 1 1 ]
A B € D E
SPECIES

Fig. 3. Relative germination ratio(RGR) of receptor plants grown in petri
dishes at different concentrations of Amaranthus spinosus aqueous
extracts.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.

Key to species @ A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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126 ¢

100 — — — —

RGR(%)
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SPECIES

Fig. 4. Relative germination ratio(RGR) of receptor plants grown in petri
dishes at different concentrations of Amaranthus spinosus aqueous
extracts.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I, Medicago

sativa J, Amaranthus spinosus
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OCont. EHZb% @b0% B/bH% #m100%
8 T
8 e
O]
4 ki,
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0 1 1 Iﬂ ]
A B C D E
SPECIES

Fig. 5. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Germination Index(GI) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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Fig. 6. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Germination Index(GI) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I,

Medicago sativa ], Amaranthus spinosus
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Fig. 7. Effects of various concentrations of Amaranthus spinosus aqueous

extracts on Mean germination time(MGT) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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Fig. 8. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Mean germination time(MGT) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I,

Medicago sativa ], Amaranthus spinosus
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Fig. 9. Effects of wvarious concentrations of Amaranthus spinosus aqueous
extracts on Coefficient of velocity of germination(CVG) of receptor

plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species @ A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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Fig. 10. Effects of wvarious concentrations of Amaranthus spinosus aqueous
extracts on Coefficient of velocity of germination(CVG) of receptor

plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I,

Medicago sativa ], Amaranthus spinosus
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Fig. 11. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Shoot grown(% of control, RER) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis

_22_



150 1
OCont. 225% ®b0% ®75% m100%

1256 r

100 ™ ™ ] ]

RER(%)
|

. -
25 t
0 1 1 1
F G H | J
SPECIES

Fig. 12. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Shoot grown(% of control, RER) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I, Medicago

sativa J, Amaranthus spinosus

_23_



160 r
OCont. B2b% ®@b0% @7b% m100%

12b r

100 - — — — —

RER(%)

50
25
0 1 1 1 |
A B C D E
SPECIES

Fig. 13. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Root grown(% of control, RER) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens

bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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Fig. 14. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Root grown(% of control, RER) of receptor plants.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum 1; Medicago

sativa J, Amaranthus spinosus
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Fig. 15. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Fresh weight (% of control, REFR) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
Key to species : A; Agrostis stolonifera ssp. palustris B; Lolium multiflorum C; Bidens
bipinnata D; Brassica campestris subsp. napus var. nippo-oleifera E;

Brassica campestris subsp. napus var. pekinensis
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Fig. 16. Effects of wvarious concentrations of Amaranthus spinosus aqueous

extracts on Fresh weight (% of control, REFR) of receptor plants.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : F; Trifolium repens G; Astragalus sinicus H; Trifolium incarnatum I, Medicago

sativa J, Amaranthus spinosus
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100%

Fig. 17. Development of Agrostis stolonifera ssp. palustris root hairs
treated with different concentrations of Amaranthus spinosus

aqueous extract
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Fig. 18. Development of Lolium multiflorum root hairs treated with different

concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 19. Development of Bidens bipinnata root hairs treated with different

concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 20. Development of Brassica campestris subsp. napus var. nippo-oleifera
root hairs treated with different concentrations of Amaranthus spinosus

aqueous extracts.
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Fig. 21. Development of Brassica campestris subsp. napus

var. pekinensis

root hairs treated with different concentrations of Amaranthus

spinosus aqueous extracts.
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Fig. 22

. Development of Trifolium repens

root hairs treated with different

concentrations of Amaranthus spinosus aqueous extracts.

_34_




25%

50% 75%

100%

Fig. 23. Development of Astragalus sinicus root hairs treated with different

concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 24. Development of 7Trifolium incarnatum root hairs treated with

different concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 25. Development of Medicago sativa root hairs treated with different

concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 26. Development of Amaranthus spinosus root hairs treated with

different concentrations of Amaranthus spinosus aqueous extracts.
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Fig. 27. Effects of various concentrations of Amaranthus spinosus aqueous
extracts on Relative Elongation Ratio(RER) of Brassica campestris

subsp. napus var. nippo-oleifera.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.

_40_



120 i)
Shoot E=Root —«—HRatio
100
14
80
H 3 [4b]
—
32 o
= 60 an
[
W T
o 12 o
A0
=1
20
0 0

cont 25% 50% 5% 100%

Concentration(%)

Fig. 28. Effects of various concentrations of Amaranthus spinosus aqueous
extracts on Relative Elongation Ratio (RER) of Erigeron annuus.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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Fig. 29. Effects of various concentrations of Amaranthus spinosus aqueous

extracts on Relative Elongation Ratio(RER) of Plantago asitaca.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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Fig. 30. Effects of various concentrations of Amaranthus spinosus aqueous

extracts on Relative Elongation Ratio(RER) of Hypocheris radicata.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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Fig. 31. Effects of various concentrations of Amaranthus spinosus aqueous

extracts on Relative Elongation Ratio(RER) of Lamium amplexicaule.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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Table 2. Fresh weight(mg) of receptor plants on shoot growth at different concentrations of Amaranthus spinosus aqueous

extracts.
Fuesh weinght(mg)
Species Control
25% 50% 75% 10094
A 19.4+1.13 24.1+2.37 24.2+2.67 14.9+4.24 12.5+1.88
B 15.8+4.69 11.7£1.89 8.0£2.30% 2.6+0.97%x% 1.1£0.40%
C 5.9+0.37 5.8+0.49 4.6+1.28 2.1+0.89%x* 2.0+0.38%**
D 18.00+2.35 27.00£12.37 18.0£3.29 4.0+£2.34 1.3+0.39
E 10.4£1.53 1.9+0.64%* 0.5+0.35%x* 0.0£0.00xx* 0.0£0.00%*

Means are significantly different according to Sheffe’s methods in one way ANOVA(x: P<0.05; **: P<0.01)
Key to species : A; Brassica campestris subsp. napus var. nippo-oleifera B; Erigeron annuus C; Plantago asiatica D; Hypocheris radicata E; Lamium

amplexicaule.
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Table 3. Fresh weight(mg) of receptor plants on root growth at different concentrations of Amaranthus spinosus L. aqueous

extracts.
Fuesh weinght(mg)
Species Control
25% 50% 75% 10094

A 4.0+£0.63 3.6£0.81 2.5+0.10 2.3£0.94 1.7+0.45%
B 8.9+1.37 8.5+4.54 2.9+0.59 1.0£0.57x* 0.3£0.20=
C 5.8+0.26 5.7£0.42 3.911.22 2.9+0.56%* 2.5+0.57**
D 19.4£2.31 19.0£13.65 6.5+£2.10 2.1+0.88 0.8+£0.38
E 3.7+£0.44 0.4£0.10%x* 0.2£0.30%* 0.0£0.00xx* 0.0£0.00%*

Means are significantly different according to Sheffe’s methods in one way ANOVA(x: P<0.05; **: P<0.01)
Key to species : A; Brassica campestris subsp. napus var. nippo-oleifera B; Erigeron annuus C; Plantago asiatica D; Hypocheris radicata E: Lamium

amplexicaule.
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Fig. 32. Colony diameter of fungi taxa grown in PD medium at different

concentrations of Amaranthus spinosus aqueous extracts.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : A; Pythium venterpoolii B; Pythium graminicola C, Pythium ultimum D;

Pythium catenulatum
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Fig. 33. Colony diameter of fungi taxa grown in PD medium at different

concentrations of Amaranthus spinosus aqueous extracts.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.

Key to species : E; Rhizoctonia cerealis F; Rhizoctonia solani(1A) G; Rhizoctonia solani(1B);

H; Rhizoctonia solani(iiiB)
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Fig. 34. Colony diameter of fungi taxa grown in PD medium at different

concentrations of Amaranthus spinosus aqueous extracts.

The different letters indicate significantly different at p<0.05 by Duncan’s multiple
range test.
Key to species : I; Sclerotinia sclerotiorum J; Botrytis cinerea K, Diaporthe citri L;

Glomerella cingulata M; Phytophthora infestans
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Fig. 35. Change of total phenolic compounds in different growth stages and

organs of Amaranthus spinosus.
The different letters indicate significantly different at p<0.05 by Duncan’s multiple

range test.
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