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ABSTRACT

This research studied Sasa quelpaertensis Nakai's taxonomy level location
and S. quelpaertensis’'s movement and growth characteristics to search for
the management measures and studied the ecological characteristics of the S.
quelpaertensis that is found on the Jeju Island. Moreover, the research
analyzed the value of the feed for horses and changes taking place in terms
of S. quelpaertensis’'s growth characteristics and understory vegetation
following horse grazing and cutting. The results were as follows.

As result of analyzing the qualitative character with quantitative character
when it comes to the above the ground part of the S. quelpaertensis and S.
palmata (Bean) Nakai, the research found out 1.46, S. palmata is 1.24 when it
comes to the S. quelpaertensis for the node and internode’s ratio. S.
quelpaertensis and S. palmate such as ratio of the sheath that pile up the
internode and leaves’ length manifested some difference. When this was
subjected to cluster analysis, S. quelpaertensis and S. palmata were classified
into different categories, and it is difficult to consider them of the same type.

S. quelpaertensis at the Mt. Halla is distributed up to the 600~1,900 m
above the sea level while S. quelpaertensis is expanding continuously. Period
for the germination of the S. quelpaertensis is one year, and the germination
rate was 45%, while the sexual reproduction and asexual reproduction through
Sympodial and Monopodial branching, and new object is formed with the
Split phenomenon at the livestock’s rhizome. As for the S. quelpaertensis
that is distributed at the deciduous broadleaf forest, stipule results starting
from April, and current leaves are formed from May to August. In
September, pseudovariegation starts at the edge of the leaves. Growth of the

stem starts from the end of March, and this continued on steadily under the
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size of the leaves reaches its maximum. When the S. quelpaertensis’'s growth
characteristics for each sea level of the Mt. Halla are synthesized, growth of
all the culm length, leaf length and leaf width increases incrementally up to
the 1,300 m above the sea level, and then it decreased starting from 1,400 m
above the sea level. Culm’s length of the S. quelpaertensis was the highest
with deciduous broadleaf forest of 66.3 cm while Pinus densiflora forest was
62.1 cm, Abies koreana forest was 40.2 cm, and shrub forest was 32.8 cm.
Meanwhile, culms’ density for each unit area mass is 17995 culms/m’ for
shrub forest, 437.6 culms/m’ for Abies koreana forest, 275.1 culms/m’ for
Pinus densiflora forest, and 202.6 culms/m’ for deciduous broadleaf forest. As
for the total leaves’ area mass for each stem of the S. quelpaertensis,
deciduous broadleaf forest was the highest with 383.0 cif, while Pinus
densiflora forest was 3455 cr, Abies koreana forest was 162.2 cr and shrub
forest was 138.3 cr. When the amount of plants located at the above the
aerial part of the S. quelpaertensis for the type of vegetation 1s compared,
deciduous broadleaf forest was the highest with 988 g/m’, followed by Abies
koreana forest with 766 g/m’, Pinus densiflora forest with 758 g/m’ and shrub
forest with 675 g/m’. As for the amount of the vegetation at the subterranean
part, shrub forest was 2,825 g/m’, deciduous broadleaf forest was 744 g/n,
Pinus densiflora forest was 662 g/m’ and Abies koreana forest was 339 g/n.
As for the amount of annual production when it comes to the above the
aerial part, deciduous broadleaf forest was the highest with 753 g/m’, followed
by Abies koreana forest with 498 g/m’, Pinus densiflora forest with 478 g/m’
and shrub forest with 435 g/m’. As for the soil’s acidity level of the S.
quelpaertensis community by the type of vegetation, it was highest at the
site where S. quelpaertensis grows when it comes to the shrub forest area
with average pH of 6.29. However, moisture in the soil was manifested at
average of 73~76% regardless of the type of vegetation. As for the organic

matter content in the soil when it comes to the S. quelpaertensis community
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by the type of vegetation, deciduous broadleaf forest 18.83 mg/kg, Abies
koreana forest was 11.64 mg/kg, shrub forest was 10.90 mg/kg and Pinus
densiflora forest was 10.85 mg/kg. As for the reserve detected at the upper
part of the S. quelpaertensis, shrub forest area is about 10~20X higher
compared to the deciduous broadleaf forest or Abies koreana forest. As for
the change in the indices for the diversity in species, following increase in
the culms’ density of the S. quelpaertensis, area where S. quelpaertensis is
not distributed when it comes to the deciduous broadleaf forest was 0.675. In
the area where S. quelpaertensis is distributed, the figure was 0.698~0.718,
which means that there is not significant difference in the species following
increase in the culms’ density of the S. quelpaertensis. However, in the
shrub forest area, increase in the culms’ density of S. quelpaertensis and the
indices for the diversity of the species clearly manifested inversely
proportional relationship, which cutting that the increase in the culms’ density
of the S. quelpaertensis in the shrub forest area significantly affect decrease
in the diversity of the species. After significant increase in the growth every
yvear after S. quelpaertensis is transplanted for each type of vegetation, it is
judged that the ecotype cline for each type of vegetation when it comes to
the S. quelpaertensis has taken place. Total Phenol content for each part of
the vegetation differs by the type of land where S. quelpaertensis habitates,
and allelopathy effect that is different from each other depending on the type
of the receptor species is manifested. Likewise, it is possible to judge that
the S. quelpaertensis's allelochemcals exert different influence when it comes
to the undervegetation of the S. quelpaertensis for different species of
vegetation.

Results of the feed’'s valuation for the S. quelpaertensis, horse’s
preference and vegetarian diet are high, and crude protein content and
digestibility are high, which means that this is an effective feed for the

horses. As horse grazing takes place within the community of S.



quelpaertensis, S. quelpaertensis dwarfness is induced, which increased the
type of undervegetation manifested, and the number of objects, which enables
renewal of the clinical study. When artificial intervention is exerted to the S.
quelpaertensis such as cutting, S. quelpaertensis culms’ density level and
dwarfness were induced, and there were changes taking place in the diversity
of the species that are different from each other. At the time of horse
grazing, horses chew on the tree covering which is a characteristic of horses
when feed is lacking, which result in the damaged trees and trees that perish

due to dryness. Thus, research on the horses’ behavior is required.
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Figure 1.

Diagram of sheath, node and leaf characters measured for

numerical analysis of Sasa spp.

1: Length of internode (cm), 2: Sheath length (cm), 3: Internode/Sheath length
rate, 4: Node thickness (mm), 5. Internode thickness (mm), 6: Node/Internode
thickness rate, 7: Leaf length (cm), 8 Leaf width (cm), 9: Leaf length/width
rate, 10: Number of vein left, 11: Number of vein right, 12: Leaf base angle left

( °), 13: Leaf base angle right ( °).
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Figure 2. Map showing surveyed ploys(®-®) in the S. quelpaertensis patch

at Wiseoreum in Mt. Halla.



2) Eo} B {FAZ9 AF=A

AFzxe o] Wolel FA&E2] HFEA S A7) el 2004 8€ X<l
FE Aol AFxIY FAE ATsiRo o Fae FepikAd T W
ALAGQRT)e 2593 B F ARSI FARES Y (glume)E A7
st Fakel AASHA] g2 FAE FEste] WY E(peat moss 25%, cocopeat
40%, perlite 15%, vermiculite 10%, zeolite 10%)°ll 2084 WAlE o= 3F s}
thoo] 5 Aol s welr| 3kt Wobs(percent germination, PGS =AM
om, wold FAES G HigHo R oAl ujd ASAHE SFAHIAL
A BS54 EAEE st A& AsEAE Hold falEol dia
W7k AdE-S(culm  number), FFd(culm length), A7+l  F 7](internode
thickness), 9% (leaf length), ¥ Zo](root length), ©=<7% < (number of
monopodial rhizome), & T5t7 Zo|(total length of monopodial rhizome), A

A 5 (fresh weight)& =74 3} th(Figure 3).

Figure 3. Index of measured on growth characteristics of S quelpaertensis in seedling.

1: Culm number, 2: Culm length (cm), 3: Internode thickness (mm), 4: Leaf length
(cm), 5 Root length (cm), 6: Number of monopodial rhizome, 7: Total length of
monopodial rhizome (cm), 8: Fresh weight (g).
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=7 ¢ st Edste e F9 A 5 XA tH(Figure 4). 8-
Zdste= T talA= Shannom-Wiener(1963)¢] St A4 &4 &, H'=-
Z(n/N)n(ny/N)E o] &3t FHYE A5 &AL 7oA nie=
MASG, N 328 T ANATE v g

ARFEE AFZIUE ol 5 A554 Wsks 2004d 78 Tl H9E
FHEETY, AFAE YA, 2UTFR(S4E), A5 RHAIEA, ARAst, A5

Aqste Az AAN] ARE AAS ] AFEAAHE BHAAAT
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Figure 4. Map showing surveyed ploys(O) in Mt. Halla.

1: Manse hill (1580m), 2: Wiseoreum (1680m), 3: Janggumok (1700m)
A: Kumunorum (560m), B: Dongsuak (570m), C: Gwaneumsa (620m), D: Muljangol
(900m), E: Yongsil (1280m), F: Yongsil (1600m), G: Seongjakjiwat (1970m), H:
Manse hill (1600m), I: Seongjakjiwat (1650m), G: Janggumok (1750m).
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AFzR] G zAE B dobns] s AFZANE FAAFATN W A
:‘,:

LERTelA wEhe o] FaL 3l e AFASH] grolAl 4= (donor species) 2 Akl &

A A& (receptor  species)> A2 HWIE S| ~(Agrostis stolonifera subsp. stolonifera), &
uto| 2 (Oenothera odorata), ¥YW5~(Brassica campestris subsp. napus var. pekinensis), =
HA&AZ2W(Trifolium incarmatum), E71ZE(Trifolium repens)S AFE3oH o]59] &
Az Ashr] ddel sy SR Fdete] AWl ehhol Bytste] AR&SESIT

AFzse] 84 Hl&= &80 5= SAdA 4 ATz A%
5 st AEF 100gT 1,000mle] S7E Bl Ad=olA 2443 st HAg &
FELA00B3MME Fireas AT v oA ol 3A|(Advantec No. 2)E5 AHE-ate] o
e AN oW FEE 100%5 5t 13} SRR T5%, 0%, 25065 5143
Ao ARSI AL, xR 24X Aol 13 SRTE ARt

AFze] F84 FE FEo] BhF £ B ol FL Petri dish(@
g

%ol

=\
MN

(donor species)?] TALE sAYGoZ AdAI HASE 209

Tl A= AFo] Foll wEt 2~5ecm AFHAS wf o]F 83t Wolg, WolH]
“~(gemination index, GI), Hir¥o}lYU4(mean germination time, MGT), Zo}&E A4~
(coefficient of velocity of germination, CVG), A45-9F A5H-2] A& (relative
elongation ratio, RER), At A A Z(relative fresh ratio, RFR)-S At=3s}ich w3k A
FEIY FE2d T wE FEAAES] Hed Ud A= Fedu)AstelA @
2Tkt 4, 1986, 4, 1988, Scott et al., 1934).

y NGl )
Fe - S(EA AT .

_ Z(TiAE F EAD T NIZAFTY
S SCEAFAT) 10

i

(O3
s
R

vGT - STiAR F ARSIz Y 100

N(ZF 2ots)

i

[}
S
R

CVG = MGT (o} 2 2.9 %)9] o4

ks
RER = o= x 100
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AFxsde ZF dHE TFES Prussian blue o2 =43 tH(Graham,

Y, A, A AR whAlsAl, SIA ., ARl A A K 6k
AFze oA F=¢ &4 100po] 75 3me, 0.016me KsFe(CN)s 1ml, 0.01M
FeClyHCl 1mtE E3ste] wst & Ao 15:7F WA 5 Stabilizer(H.O:
19 gum arabic: 85% phosphoric acid=3:1:1, v/v/v) bmlS H7}Fs+ & 700nmel] A
!

ol

FHEE SAHINAY F v FFE gallic acidg ol &3st AFFAE 24
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=
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/\]o

393, B-Site(HA 5d AT A= oF 165000m)¢] 7

T At 475 132006 8¢ 16¥ ~1249 14¢), 2xH2007d 749 184 ~11€ 14

dobE 7] 9

o}

=

1) & AR o] o

dvt 275 1xH2005d 49 119 ~5€9 3%), 2220059 8¢ 2YU~8
ghefioll A A]

3. AFZ2RAA Y AT

Aol st
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=
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oAl A 3lA 30emi <]

s el Wt

o

quadrate

nest

d A 8ke]

g

N

fvze)

!

AAS 578, BAIY 15704

913

_13_

method(1x1Im)ol <]



&A1= Shannom-Wiener(1963)2] &t}

4 Kilometers

Figure 5. Map showing surveyed ploys(Q) in Mt. Halla.

A Jeju public cemetery, B: Yeolanji pasture.
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2) WA U YFEA P AR 24}

o APT WAL FALNE ALHE7] A9 20mE AAFGOM EAbE
20039 297 108744 WY AAEALE A4S

AFzAR BA 5ol WE K5 SR wek 2 A9 380w

woto] WAjet i A A (1xIm)S A A ek tH(Figure 6). ZARA 2] A 4FdE
he) A = FFgdErH(ETe, BeAl B YASAY), AdsH(EdY

), FEHORASAL, A=A st B Aad)) o= FEste] A8kl th(Figure 7).
AFzeidel A543 TAZATIxIml A= AlFzsde 1, A
kel w71, 949 & AReAAL, AFEHEWe] 14 27 (cum)T AT =

AETES AT Hao wE AA X0 A5l A8l A 4= (inhibition index)

Cutting(fresh weightxdry weight)

Non Cutting(fresh weightxdry weight)

AFxe e 2 W3lE Shannom-Wiener(1963)¢] Ztdx= A +=

AgeGa FHEE TS AT SR AES] Astel AT
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Control

Figure 6. Schematic figures showing cutting area of S. quelpaertensis.

A Site: 2005 cutting area,

2007 cutting area.

B Site: 2005, 2006 cutting area, C Site: 2005, 2006,

4 Kilometers

Figure 7. Map showing surveyed ploys(O) in Mt. Halla.

1: Dongsuak (570m), 2: Gwaneumsa (620m), 3: Eorimok valley (1080m), 4: Yeongsil
1280m), 5: Manse hill 1600m), 6: Seongjakjiwat (1650m), 7: Janggumok (1750m).
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V. 2% % 1&

1. AFzd 9 E7%4 AA

1) AFZIY AR g3
(1) ZH(Culm)

pe

ATz, dxdd, Z3d, S. palmata W3 AL =7]9 FRFAES
dA H3el dH FAQ dEE AEF Ay, H3kel HU= S

palmata(3.37mm), 23 (2.0omm), ATZHH(2.00mm), 4=t (1.66mm) 9]

= ;(é

i, A(node)d F71= S palmata(4.09mm), A FZ2H(2.87mm), =T
(2.64mm), A ZH(2.19mm) o2 YERth Ay A3babe] v &S AFzxE
(1.46), 4230 (1.34), 22 H(1.30), S. palmata(124) co. 2 ZALE A o™ A

Fze ¢} S. palmatas= 5% FEA A7 glo] AR o= de) FHE v}

A Je AoZ BAHA(Table 1). webA AFE3 g d Fee ==
Aa, Az A I 87171 |19, S, palmata= v T4 oE FEY

= ®a(o], 1980; o], 1990; &, 1999)¢} U A sl+= AadFS H AT

Table 1. Comparison of node and internode thickness in several Sasa spp.

Node thickness Internode thickness Node/internode

Species (mm) (mm) thickness ratio
S. borealis 264" 2.05° 1.30™
S. kuilensis 2.19% 1.65° 1.34%
S. palmata 4.09° 3.37° 1.24%
S. quelpaertensis 2.87° 2.00° 1.46"

Y Means within a column followed by the same letter are not significantly different at 5% level by
Duncan’s multiple range test(DMRT).
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2(1999)2] Ao o3hH B & (Sasa)ol et =732 F A3k 2o

oF dxo] doJo gt Hl&%E sty ERFIZAE BHa o AFxAY T 4F

gl dxe vl Aol st A=Al 3

Z8 Y 1233cm, S. palmata 12.30cm, A+
=%

o] 3L,
S

=

s

o

A% dol= S. palmata 11.53cm,

X

253cm wolArh Ax7F s B gl vEe AxEgel 4
1.0602 =71 A3t oldS Ga de AoR

al(0.65), AFZAH(060) T2 Fx7t A0S A 3= Ao] Foxle 3o
A E ] 5% ool AFzdel S

AoR FAENOWHTable 2) AZE U A9 Gx7F vl 2/301% Aar vt
= {Ee ®a1(1999)F AT

Table 2. Comparison of leaf sheath and internode length in several Sasa spp.

Sheath length Internode length  Sheath/Internode

wii#cs (cm) (cm) length ratio
S. borealis 745 12.33° 0.65"
S. kuilensis 253" 2.64° 1.06”
S. palmata 11.53° 12.30° 0.94"
S. quelpaertensis 499 8.86" 0.60°

Y Means within a colurm followed by the same letter are not significantly different at 5% level by DMRT.
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(2) 9 (Leaf)

AFzed, Z8d, Azt S, palmatad § FHE EA43 A3 5%
gFFA JAAE S palmata 1,127.61crt, AFZB ] 386.02cr, Z2h 360.25
o, Az 140.73er 2 Zel7h 9l Ao® BAFHATH(Table 3). 442 S
palmata 24.25cm, Z3Z ) 16.6lcm, AFZZ ) 13.77cm, 4 Z3d 1055cm= ©]
(1980)¢} #4:(1999)7F AAIgE AlFxEW FFe] A7+ 227 7~20cm 10~
3Bemets ek dxstgl ot o] (1980)7F AlAlg Gl o fArgh Aoz o
ElyktH(Table 3). S S. palmata 6.45cm, Al T2 ) 3.65cm, =3 2.93cm,
Mz 1.87cm®= Foll wel Zpol7t e Ao w A 5o (Table 3) ©](1980)7F
A AFEAY FHe] A71(1.5~2.0cm)et AR v #£(1999)7F A Al g
27)(5~10em)eH= T AFol7h Qe Ao s byt

23 A e AFxedNY S palmatas ZEFRF o2 BEAEQ L

& z%
gddel Axsdie JHY JEdF o= FAE o](1980)9F 4(1999)] H 1<}

Table 3. Comparison of leaf characters in several Sasa spp.

_ Leaf area Leaf length Leaf width  Leaf length/width
Species

(e (cm) (cm) ratio
S. boredlis 360.25"" 1661° 293" 5.71°
S. kuilensis 140.73° 1055" 1.87 569
S. palmata 112761° 24.25 6.45° 3.84°
S. quelpaertensis 386.02° 1377 365° 376"

Y Means within a column followed by the same letter are not significantly different at 5% level by DMRT.
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S. horeafis S. kuilensis 5. palmala S. quelpaeriensis

Figure 8. Diagram showing leaf shapes in several Sasa spp.

Z 84 (Sasa) S ©AS o} (Monocotyledoneae) & & 12 & vl (straight
veined) 0.2 FAlo] Fo T} Y=o oz FAHHAT JF
d FHEE Sure JANE 4% Ay S95E S padmata’t 9 A D)o
10.8671, L&A R)ll 10.9571¢F A28 0] L 82571, R 83771¢ A== dl L 5707,
R 56770, Z=3t] L 5687, R 55370 = 5% oA FoAE Hols oz FAY
Aot A4S AT 7 L 63.93° R 64.00°9F 23] L 49.28°, R 4753°%2 FA}
Hol F T3+ Aol Aoy S palmata(l 57.82°, R 56.50°), Az tl(L 51.67°
R 50.63°)z0] 7} ¢l Aoz BAEQti(Table 4). WA S. palmatast A5z
o] Wg=e] apol= g ZH7t 26170, 258709 AHE HYUSEM el g Fa% W
FEHE Ak

3

&
g

SRR S

1. il

Hm

Table 4. Comparison of vein and base angle of leaf in several Sasa. spp.

Number of Number of Base angle of Base angle of

Species vein LY vein R leaf L( °) leaf R( °)
S. borealis 568" 553" 49.28" 4753
S. kuilensis 5.70° 567 51.67% 50.63"
S. palmata 10.86° 10.95° 57.82% 56.50°
S. quelpaertensis 8.25" 8.37 63.93" 64.00"

b L, left side of main vein; R, right side of main vein.
? Means within a column followed by the same letter are not significantly different at 5% level by DMRT.
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Figure 9. Dendrogram of hierarchical cluster analysis according to characters

of leaf and culm on Sasa spp.

CASE O 5) 10 15 2 23}

Euclidean distance f 1 1 1 1 1

S. borealis —

S. quelpaertensis

S. kuilensis

S. palmata
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2. AFzHAY FH

D AF=HY £%

(D AFzle] ZE54

R Aoz tekt oE Aol AR /AR, ANA, BxA, AR 0F
o A HA4 BL AT ARE A e WER Fuae Aoz g
gk nAmel RESE AFzANE 4H Aol FUHE Aoz B 5

How ®¥stu JQom wWEAANEQ ZH(Pueraria thunbergiana), 34 =
(Humulus japonicus), Al 8% (Paederia scandens)¥ %:(Artemisia princeps var.

orientalis), A ¥ (Rosa multiflora) sl &3 1 Algo] ks 2= At

(2) obaLitd) AFxEY LHke] =7] W3t

Z Y F= JFEEAUEEN) R, sympodial branching) o} w8 (B il /)L,
monopodial branching)& 3o=ZH shte] ARl FJej = &7H th(Saijoh,
1990). ofariteh AlFZxs o] wyko] ik WA o] AZWSIE A% A3 whA
B A= 20061 200.14m ol A 20071 240.09m', 2008 302.24m'e] 3L, SIAH &
2 20061 464.05m'ell A 2007d 534.06m¢, 2008 611.45m'elH, F -2 200610

32.17m'ell A 2007d 3531m, 2008 40.24m'= wid AlFxSdie] #ub =77}
Az Z7tEE Ao 72 Vet (Table 5, Figure 10). o]o] W& W2 o Wz W

&2 5 147, WHAEAY 123, SIALE 1152 A F AFZIY ke
G AR HE AoR e

2=
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Table 5. Changes on patch size of S. quelpaertensis from 2006 to 2008.

Area Circumference Lﬁgﬁg&?f Lsrelftg}ga?f
Locantion  Year (m’)  Index (m) Index (m) Rate (m)  Index
Manse hill 2006  200.14 1.00 62.63 1.00 18.27 1.00 13.99 1.00
(1580m) (x0.39) (£0.00) (+0.63) (+0.00)

2007 240.09  1.20 6464 103 2021 111 1544  1.10
(£0.27) (x0.03) (+0.88) (+0.02)
2249 123 1710 1.22

2008 30224 126 7315 113
(£0.37) (£0.03) (£0.35) (£0.03)

Wiseoreum 2006  464.05 1.00 910 100 2432 100 2086 1.00
(1680m) (£0.83) (x0.00) (£1.99) (+0.00)
2007  534.06 115 10618 112 2648 1.09 2224  1.07

(£0.54) (£0.02) (£1.60) (£0.03)

2008 61145 114 11822 111 2845 117 2411  1.16

(£0.77) (£0.02) (£1.48) (£0.04)

Janggumok 2006 2699 100 3217 1.00 3.14 1.00 1345  1.00
(1700m) (£1.98) (x0.00) (£0.70) (£0.00)
2007 40.71 151 3031 1.10 4.25 151 1490 111

(£1.51) (2041) (£1.16) (£0.03)

2008 5767 142 4024 114 5.63 207 1502 123

(£1.58) (+0.74) (£2.65) (+0.07)




20.9cm(2006

ol A 22.6em(2007), 23.5cm(2008d) 2 @ H A 7] (culm) e = 1874l

A 787N, 14870 = A3re] #H7]
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Figure 10. Changes on patch size of S. quelpaertensis from 2006 to 2008.

A: Manse hill (1580m), B: Wiseoreum (1680m), C: Janggumok (1700m)
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Table 6. Change of growth characteristics yearly at a plots in the S.

quelpaertensis patch at Wiseoreum.

Site Year Culm length Culm density Internode thickness
(cm) (culms/m’) (mm)
AV 2006 20.9+£3.4 18.0 1.1+04
2007 22.6%2.0 79.0 1.6+0.2
2008 %3. 851 148.0 2.5%0.3
B 2006 16.1+4.6 8.0 1.3+0.6
2007 24.1£3.0 66.0 1.6+0.3
2008 24.4£2.9 132.0 1,9%0.3
C 2006 14.8+4.2 48.0 1.2+04
2007 . 78.0 1.4+0.2
2008 285+ 3.8 218.0 1.7+0.3
D 2006 16.8+4.1 15.0 1.3+0.3
2007 19.4+3.3 78.0 1.4+0.1
2008 23.5+4.0 173.0 1.5+0.2

YA to D sites were described at Figure 2.
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< TAE HFTE A} EGE AAERA B2 AT welg2 45.0% 5 L

TGE AAG APTolA Wopgo] 33%= AAZ Ho]S HATH(Figure 11).
20049 8ol FF3 AFxS Y FA= 2005 8ol wopaste] WopA g7

He 1doz2 ZAEAT i dio] RFxsE AR A9 2A G E sl
A AR 2d & dolrt AR Y] 6d & Wolg = FHaEM FHEAG Y ot
2 Yehd(Kudo, 1980). weta 2 A A3 A Fx2d o] ol ol 7]
7He AAME Sloll A AT 3 9 A HFHIo g T2 HEF
P AFxERERE E8]3E Allelochemicals 5o 98] vty dolr] -8
Aoj x| ol g2 7HAas Zlow FukHE
100 ¢
90 |
80 |
70 |
9
< 60 |
=
® 50 f
I
o 40
&
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20 |
10

Control Remove

Treatment

Figure 11. Comparison of seed germination rates according to

removed glume of S. quelpaertensis.
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2Bl &(Sasa) o] At Feet 2AoE UrolAed 249 JHe= o

= (¥dih, monopodia) @} 7F&(fifill, sympodial) &2 o] HtH(McClure, 1925;
Saijoh, 1990). AF=3 ) F4=e] 74 AFE o wol F 1d w9 7t
SEAZE Ha el & 2dFE JEFEX 9 dHEA 7 Al dojue Wi
Wol £ 4 F ThEEAR Hol= fAekR #EHAT(Figure 12). E3F Y
Hol {FAEAAE Hol 4d $HE 7157 (sympodial rhizome)o] X&= &4
o] Yel} @4 (monopodial rhizome)o] wE|=o] Mz MAZE A==
el tH(Figure 13). 18y Sasa senanensis? 4% 2ol 5~64

¢ 2Adel TMEEAE sta, a1 F JMSEACNA dSEAR A2 (Saijoh,

1990) %] 7] wj&o| AFZ2 7} Sasa senanensisH. U} w527} 3~411 nlkg]

t
FAAAT FLA e AEAk] MEn 242 Ba AAAE Faer] wL

AFZe N7 S-Hdeles Aoz FdHAtH(Zhukova & Ermakova, 1985).
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Figure 12. Schematic figures showing the pattern on vegetative reproduction

of subterraneanpart in S. guelpaertensis.
A 2005, B: 2006, C: 2007, D: 2008

After three vears

Seedling After one vear After two years

After four vears

Figure 13. Schematic figures showing the pattern on seedling growth of

S. quelpaertensis.
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AFz o] T2 Wop F FA ol sl AdFof s Aol s}
2005 F-H 2008 d7kA] Z2=AFSE Ay 72 20051 1.84cmell A 20061 6.29¢m,
2007\ 7.02cm, 2008 7.2lcmE Azt S7HE Q1AL £719 % 20054 1.107H, 2006
W 126070, 20073 352070, 2008 64.107M =2 S7FsE &= Ao=Z UEyTh FEsh
Aol F71+= 20059 0.16mmel Al 2006 0.41mm, 2007 0.68mm, 20081
0.97mm= 7 Gd%E 20051 0.62cmeol Al 20061 2.70cm, 2007d 3.38cm,
2008 4.23cm=z "Wl F7F= A tH(Table 7).

A shellA o] AZBAI(S. kurilensis)?l -F Mgk F 44cm?) KA E
AN el Hurk 2 uwizbA 28de]l A, Jist & "R Wste= AF
(establishment phases)e] W& A @ E=A (low in the density-stable phase), i
U =G| (full density phases)®t #7155 @7 (self thinning phases)& 7 #| =
Met A AHE IEH7AE F 20d A% A28 (Kudoh et al, 1999;
Akifumi, 1992). mebM AFES Y FA=S A& Aol 4 AoE 4
ot}

ATz F2=9 o= ol ¥ 10.8em(2005)1 4 11.4em(2006

etga BE el fu ol 1

o A%He A7/t 2% A

o

), 15.6em(2007), 16.5cm(2008) & 7 =}
9 FHE L1702006) EAskel 7.770(2007), 8.77H(2008'3) = At S 7FE U
oH, ZtEadd dd® 9o $2Eol REE o 1d FEH
16.6cm(2006%d), 153.6cm(2007d), 223.6cm(2008\) & A= o] 5% 2] g0l A]
ol 39 FH-H AeFo o] g48] F7tE A (Table 7). #7459k #| s}
of AAAR] BEE Gotrr] A B A 23 Fol F 0.02g(20059) A
10.33g(20061), 38.66g(20071d), 57.30g(20081)& vwid F7F% Ll AlF 28 o) 2

AAAQ FHE G 5% KAFFAA Wol 3d FrE AR 4F Hol B
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Table 7. Changes of growth -characteristics yearly on seedling after

germination of the S. quelpaertensis.

The aerial part

Culm length  Culm number Intermode thickness Leaf length

Year (cm) (culms/plant) (mm) (cm)
2005 1.84%Y 1.10° 0.16° 0.62°
2006 6.29" 12.60° 0.41° 2.70°
2007 7.02° 35.20%" 0.68° 3.38"
2008 7.21° 64.10° 0.97¢ 4.23°
The subterranean part
Root Length No. of monopodial Total length of Fresh
Year (cm) rhizomes monopodial weight
(Number/plant) rhizomes (cm) (g/plant)
2005 10.8° 0.0° 0.0° 0.022
2006 | & 1.1° 16.6 10.33%
2007 15.6% 0. 153.6° 38.66"
2008 16.5° 87" 223.6" 57.30°

Y Means within a column followed by the same letter are not significantly different at 5% level by DMRT.
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Jdroli, ol F7]&E 49 xHH 9€ E7HA AHA7IE AX 10€x5H 3¢ ¢
A FHE AR F AAE o] FolAE o & YEREH(Table 8, Figure 14).
ol ZH % (Sasa) =719 WAL S nipponicas E °oF 2, Az
(Sasa kurilensis)= °F 9.2d Axgle= Baurt vk, B3 S nipponica®l A}
© 695H 119744 A7 AA 11495H 49704 FH 715 A2 H(Oshima,
1961)= 27t o] AFEHY E7]e] WAL= S. nipponica®t ¥ 523 Ao=

vhebgt
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Table 8. Phenology of S. quelpaertensis in the deciduous broadleaf forest.

Month 2002 2003

Growth

characteristics 1) 2| 3| 4| 5| 6] 7| 8 6

7

Leaf retention time

Culm growth and
retention time

Bud formation

Di Stipule development, Di Leaf growth, .2 Leaf pesdovariegation, .2 Dormancy

_

Figure 14. The life cycle of leaf and culm in S. quelpaertensis.

(o) the organs of current year, @: the organs of 1 year old, @ the organs of 2 years old
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Figure 15. Changes of culm and leaf length, and leaf width of S
quelpaertensis by elevation at each trails in Mt. Halla.
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AngRde e o FRERCH, Wul GBS, auvd, FAuTY
S5 BEY aFos TREC foliE nelY. wIa AAsdn 1, 949 4=
o] AL 196 gl 9o AFHE=-092, =084, =089, p 0.01)°] AT ==
o] A=067, p OODo] Y= Ae= UEh} AFzae] 4554 a7 of
Z WS pEo] 9 o2 RAHIHTable 13, AFRAYY] HAZe BRI
oM Wit 3lemz 71 B W GBS AoolMis B Llem= 2 e}
Fa5e] W drel IAr=069, p 0.01)7F = Ao= YERITtKTable 13).
Ao Bxals AFERUF P L BRIl B

she Azl Ve duHoR we S nn WEE YriHow v e

i

o, E9 BEAO Al 42 AFeae] BEr e Aour dojde
2 S A gk A9 #48 dashe 54e gl

Table 9. Comparisons of length and density of culm, length and width of

leaf in S. quelpaertensis by vegetation types.

Vegetation type Culm length Leaf length Leaf width Culm density Litter

(cm) (cm) (cm) (culms/m’) (cm)
Deciduous broadledf forest  66.3°Y 17.4° 4.8 202.6 1.1°
Pinus densiflora forest ~— 62.1° 15.2° 4.4 275.1° 2.9
Abies koreana forest — 40.2" 12.1° 3.3 437.6° 1.8
Shrub 32.8" 11.7° 3.4° 1799.5 3.1°

Y Means within a colurmn followed by the same letter are not significantly different at 5% level by DMRT,
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Deciduous broadleaf Pinus densiflora Abiles koreana
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Yegetation types

Figure 17. Comparison of total leaf area and internode thickness by

vegetation types on S. quelpaertensis.

U Means within a character followed by the same letter are not significantly

different at 5% level by DMRT.

120

120 90 60 30 0 30 60 [0 120 120 0 60 30 0 30 60 [0 120

Leaf arealcnf) Leaf arealcni)

Figure 18. Comparison of leaf area by vegetation types in S. quelpaertensis.

U Means within a vegetation type followed by the same letter are not significantly
different at 5% level by DMRT.
A Broad-leaved forest, B: Pinus densiflora forest, C: Abies koreana forest, D: Shrub
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ATz ete] AE F(biomass) U FATES AFIAAL TF
¢l Axera E 5 th(Patten, 1978). A F @ AlFxd BATol el =
A A3 AR A ddE954Y 2103g/m'(dry weight; 988g/m’), AvHE-¥
1,727g/m (dw; 758g/m’), T8 1,351g/m'(dw; 766g/m’), B2 1,240g/m’(dw;
670g/m") To2 FAE AT Wb A sHQl A= WEH 9,536g/m'(dw; 2,825g/
m), 935 9E 2,303g/m'(dw; 744g/m’), 2UF-" 1,956g/m' (dw; 662g/m’), T4+

¥ 1,234g/m'(dw; 339g/m’) &2 At Table 10). B3 A F23 0o
AdEe ER7|zke 202 Fdo] g XgEe AsSs AARGEEE vl
9 1585g/m'(dw; 753g/m’), A5 1,056g/m'(dw; 478g/m’), T+
Ay 878g/m'(dw; 498g/m’), & 909g/m' (dw; 435g/m’) =¢] A tH(Table 11).

Z B U(S. borealis)= FAWHA O & Aol Hls| A tF-o Hl&o] =A e
U Aol A A AAlEe] vl A AAET dEFo] Erhe Hil(Agata
et al, 1979a; #F<} o], 2002, A2} 7. 1981)¢}F zkol 7k AAh AF=AdE A

A

2

Sl e AsRel W& wE BEY 4202 AR Gy vE AU
904w, GARASY 089, 2T 09 R A AT L ow 2AY

AT Al 249 ol #ER(30~40cm), AT EFH (20~30cm), &
U #(20~30cm), T E(10~15cm) o2 ik AHEGS A5 Stol

U gt F8 EARRE Adgoz Efo] Hutsly, vt &) ulE
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Table 10. Comparison of biomass by vegetation types in S. quelpaertensis.

Shoot Root
Vegetation type Fresh weight Dry weight Fresh weight Dry weight
(g/m’) (g/m’) (g/m’) (g/m’)
Deciduous broadleaf forest 2,103 988" 2,303 744°
Pinus densiflora forest — 1,727% 758 1,956™ 662°
Abies koreana forest 1,351° 766% 1,234% 3397
Shrub 1,240 675 9,536° 2,825

Y Means within a colurmn followed by the same letter are not significantly different at 5% level by DMRT.

Table 11. Comparison of biomass for a year in S. quelpaertensis by vegetation types.

Biomass Deciduous broadleaf Pinus densiflora Abies koreana  Shrub
(g/m’) forest forest forest forest
Fresh weight 1,535 1,056 878" 909*
Dry weight 753 478 498* 3%

Y Means within a column followed by the same letter are not significantly different at 5% level by DMRT.

Hat 73~76%= YHEYT. ESU f7E FEHe AuUFEAdAA Hit
10.85mg/kg o= 7HE wrkou #E# 2 10.90mg/kg, 73U H 11.64mg/kg
o2 FAHC 5% oM A fFeAs Aoy SGdE el

1883mg/kg & 7F4 =4 vgron 2 A Ad vl 06~08AE =& &
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Tabel 12. Comparison of environmental factors by vegetation types in S. quelpaertensis community.

) Soil pH Soil Organic  Light T-N P205 K Ca Mg CEC
Vegetation type . ] y
moisture matter 1ntensity
(%) (lux) (%)  (mg/kg) cmol /kg

Deciduous broadleaf forest ~ 4.99°Y  76.17°  1883°  1849.40*° 062" 354 0.17 0.45" 025 3228
Pinus densiflora forest  4.67° 74.60" 10.85" 2994.17*  0.40° 547" 0.19° 0.38* 0.20" 23.22°
Abies koreana forest 504 7458 1164  1624.00° 047" 408" 0.14% 0.31%° 027%  2417"

Shrub 5.23" 73.31° 10.90° 33,408.60"  0.40° 2.30° 0.17° 0.09" 0.08" 23.27

Y Means within a column followed by the same letter are not significantly different at 5% level by DMRT.
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Table 13. Correlation of density, growth and environment in S. quelpaertensis community by vegetation types.

Vegetation Culm length  Culm density  Leaf length Leaf width Litter Dry weight of Dry weight of Light
types (cm) (culms/m*) (cm) (cm) (cm) culm rhizomes intensity (lux)
Culm length(cm) -092"
Culm density(culms/m*) 0.67"" -0.73"
Leaf length (cm) -0.84" 0.95" -0.53
Leaf width(cm) -0.89" 0.97" -0.60 0.98™
Litter(cm) 046 -0.31 0.69™ -0.07 -0.19
Dry weight of Culm -0.67 0.61 -0.37 0.70" 0.66 -0.05
Dry weight of rhizomes 0.66 -0.55 094" -0.30 -0.36 045 -0.20
Light intensity (lux) 0.76™ -0.69" 0.86" -0.50 -0.54 0.52" -0.41 0.98"
Soil pH 0.45 -0.28 0.60" -0.10 -0.17 0.01 0.19 0.54 0.53
Soil moisture -0.28 0.34 -0.45 042 0.39. -0.13 0.26 0.36 -0.28
Organic matter -0.51 0.56 -0.17 0.71" 0.65 -0.01 0.90™ -0.07 -0.20
T-N -0.47 0.67" -0.41 0.57 0.59 -0.53 0.34 -0.23 -0.30
P:05 -0.40 0.40 -0.56 0.14 0.26 0.02 0.12 -0.63" -0.60"
K -0.20 0.00 -0.20 -0.12 -0.01 -0.17 -0.35 -0.06 -0.05
Ca -0.63" 0.68" -0.64" 0.60 0.63" -0.37 0.36 -0.55 -0.61"
Mg -0.31 0.30 -0.42 0.26 0.24 -0.30 0.14 -0.43 -0.44
CEC -0.50 0.62 -0.35 0.57 0.58 -0.42 0.40 -0.15 -0.25
Soil pH Soil moisture Organic matter T-N P:Os K Ca Mg
Culm length(cm)
Culm density(culms/m’)
Leaf length (cm)
Leaf width(cm)
Litter(cm)
Dry weight of culm
Dry weight of rhizomes
Light intensity (lux)
Soil pH
Soil moisture 0.35
Organic matter 0.40 0.29
T-N 0.21 0.47 0.38
P:05 -0.38 -0.03 -0.06 0.02
K -0.54 -0.02 -0.38 0.12 0.15
Ca -0.31 -0.16 0.22 0.31 0.14 0.23
Mg -0.24 -041 0.02 0.09 -0.18 0.08 0.84™
CEC 0.18 0.59" 0.39 097" 0.00 0.15 0.30 0.07

* #% mean statistically significant at p <0.05, p <0.01, respectively.
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Figure 20. Changes of growth characteristics after transplanting of the S. quelpaertensis by vegetation types in Mt. Halla.

Y Means within a vegetation type followed by the same letter are not significantly different at 5% level by DMRT.
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Figure 21. Dendrogram of hierarchical cluster analysis on growth
characteristics after transplanting of the S. quelpaertensis by

vegetation types in Mt. Halla.
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guro] 185% oz AT AAdATE. o= Sasa cernua®] allelopathy & 3ol
s  F(Lactuca sativa), E(Triticum aestivum), LZo}A¥](Phleum
pratense), V)5 (Amaranthus viridis)2] wolel F21&5 AAS 42~80%2] A

sttt Wal(Li et al, 1992)9F +-AFSE Ao 2 vhebyiT)

120 00% £25% [M50% ME75% HE100% 20 00% BE25% [M50% ME75% mE100%

aaa,

apa

Percent germination (%)
Germination index
5]

BC m

BC T TR

Species Species
10 00% E25% [M50% ME75% BE100% 8 0% E25% [M50% mE75% B100%
a
I, I

CVG
MGT(DAY)

BC Tl

Species Species
Figure 22. Effects of various concentrations of S. quelpaertenisis extracts on
germination rate, germination index(GI), mean germination
time(MGT), coefficient of velocity of germination(CVQG) of receptor

plants.

Y Means within a receptor plant followed by the same letter are not significantly
different at 5% level by DMRT.

Receptor plants species @ AS, Agrostis stolonifera ssp. palustris ; OO,

Oenothera odorata;, BC, Brassica campestris var. pekinensis; Ti, Trifolium

incarnatum; TR, Trifolium repens.
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Figure 23. Comparison on relative elongation ratio(RER) of receptor plants

by concentration in water extracts of S. quelpaertenisis.

Y Means within a column followed by the same letter are not significantly

different at 5% level by DMRT.

Each abbreviation to species as in Figure 22.
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Aojo) 584 F29 vro e §A29 Ry wee wy 7 £8427
Fol wel oA A PEAN $E7t F7hgel e Rege) ol wewA

ale]l AFe Mz 2 JIFS v Hil(Pardates & Dingal, 1988;
Hazeborek et al., 1989; Heisey, 1990)¢} A A5ttt 53] T+8ANE & HES
ado] WA gFol E ke A

o ]
o FHAY PR, GUES 5 7 9 o] AriardE R

ATz e F&4 FE2d A=StER AFxede 7, A2
Z A=5dFE 243 23 s dFe Z7)R0 dolA oF 2uj g E=A vE
gom AAANERZE £7)9 HE FEFS A=(GEE 650m)7F 1924mg/ ¢ 2 7HE
=A BAEAn FFEGEIE 1,8300m)o] 164.2mg/ ¢ 2 7HE W2 oz FAE]
Aot oy dellM e FAEEo] 3976me/ 4 = =4 EHEHAoY, A=t
316.6mg/ ¢ 0.2 714 A BEAEHACT AGE AR AbAH| (3] 1,480m)
7} 564.4mg/ ¢ 2 74 A JERS N A EE 509.0mg/ L o2 7HF vHAl Y ERY
(Figure 25). #l=shake] tia] A2xe AR GHHEE FA 27 G454,
TAUEE, #5Y £o2 ey Z5E £710=-063, P <0019 HETHFS
#Aastg ey =080, P <0.01) =g o] S7tets Ao = YERTH(Table
14). wehd 24 e HE53deees A5A ] 9ok A7), A uf
gt o A3 gge] 2 Aol7h vk ®al(Kim, 1997; Lodhi & Rich, 1971;
Duke, 1986)¢} < =] 3} %1 th.
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—— ,

Figure 24. Development of receptor plants root hairs treated with different

concentration of S. quelpaertenisis water extracts.

Each abbreviation to species as in Figure 22.
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Figure 25. Comparison of total phenolic compounds on S. quelpaertensis in survey area.

Y Mezns within a plant part followed by the sane letter are not significantly different at 5% level by DVRT,
A: Chi-do, B: Songduksu, C: Yeongsil D: Mansedong hill, E: Witesoreum, F: Sajebi
hill, F: Janggumok.

Table 14. Correlation of total phenolic compounds on culms and leaves of S.

quelpaertensis by vegetation types in Mt. Halla.

Total phenolic

Vegetation type Elevation
compound of culms

Elevation 0.72"
Total phenolic compound " "
-0.63 -0.45
of culms
Total phenolic compound » . »
0.80 0.67 -0.63

of leaves

* *% significant at p <0.05, p <0.01, respectively.
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oj¢} 2 ANE Tt HUFE FFToEFYH IFS TAE =
Fol A BH) == allelochemicalsel] 93] Wolrt A Eo] o @S o
3lch(Hirura et al, 1996; Kakashizuka, 1998). wzbA AFzzlitel 4
allelochemicals 5 &tQl #H=3tgtEo] 2Fd Aejol A HlEd] s Alg s o]
T Bl e oE =23 ddsiAud st dele sk Aol o El
ol 29 E] (allelopathy) &3S HJo 22X Fefstol A AFx 7t $Het=

8

eRlor dAddAY. iy ddEdY gae=
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_57_



3. AFZ2RAA Y AT

1) & A5 o] 84
(1) ATz & A8 7HA]
HA AFAFLE ALHE &

=
HolA ez Algelth @ WEd we A
7

Asitedl A5 13 MEB717H239) F9 wsi@AR 4G ATz o

Fe A74g/m MmA BA GET 2oy 248 = 22g/m e AT E

Qe Aol Agly] Wiel AAW £d A GEEeh 1oy Bosite: 4
% %

© 12 WE7]7H(1209) Bk 75.0g/m, 23 WE )7

Table 15. Comparison of production amount and intake amount on S.

quelpaertensis for horse grazing.

. . Production amount(g/m?) Remain amount(g/m’)  Intake amount(g/m’)
Grazing times

Mean(+SD) Mean(£SD) Mean(£SD)
A-Site Ist 487.2 69.8 4174
(23 days) (£213.0) (£21.0) (£154.0)
2nd 31.7 95 22.2
(8 days) (£17.0) (¥2.9) (+15.3)
B-Site 1st 122.8 47.8 75.0
(120 days) (£34.8) (£27.9) (£21.9)
2nd 589 5.1 53.8
(116 days) (£11.9) (£1.4) (£16.7)

Y A to B site were described at Figure 5.
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8
AuA, G HE B Z4F A4 55 FwdlFy] witel Te/do] w Atk
AR H(H) H7ke AZA =9AE] ADF(cellulose, lignin ),
NDF (cellulose, hemicellulose, lignin &) &S 7FA13L B71& = 9l=dl ADF<
celluloset} lignin o] H|w 4 A3glsl7] o8l AEE
dojup 7heAd gstE ol Bl giotal ol # AR
T Atk(ol, 2003). Wb AlFEY ] s £4F A AT
Aol Ao} e e 122%, A=A AodME 166%=2 &4
olZ AFE=W T AFE7AA AMREHE AFRZEI HlaskH A5 A
(Medicago sativa) 1% 165%, F X2l Z(Lolium multiflorum) A% 7.1
(Dactylis glomerata) 1% 10% ul¢]e] &S Hol=d H|3] #lFx3de =
WA e HwA F2 Aog JuEtH(Table 16). =3 A% 158%, 7%

125% 3t

o

Hol= S nipponica®t A tHKawai et al. 1999).

Table 16. Changes of crude protein, NDF and ADF on culm and leaves of S.

quelpaertensis by horse grazing times(%, dry matter).

Crude protein NDF ADF

Grazing times Mean(£SD) Mean(£SD) Mean(£SD)

Culm Leaf Culm Leaf Culm Leaf

Control 4.3 12.2 75.0 67.9 486 40.5
(theagans of 1 year dd  (£0.4)  (£1.1)  (£2.2) (£35) (¢14) (£1.2)

1st 6.5 14.3 63.5 59.0 45.0 41.9
(the ogans of curent year)  (£0.5) (+0.8)  (£2.2)  (£2.8) (19  (£2.3)

2nd 8.0 16.6 63.2 585 478 39.0
(the ogans of curent year)  (+£0.8)  (+1.0)  (£3.1)  (£1.8)  (¥2.8)  (£24)
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Table 17. Changes of macroelement and microelement on culm and leaves of S. quelpaertensis by horse grazing times(%, dry matter).

Macroelement(Mean+SD) (%)

Microelement(Mean+SD) (ppm)

Grazing times ) Ca K Mg N
Culm Leaf Culm Leaf Culm Leaf Culm Leaf Culm Leaf

Fe Mn 7n Cu
Culm Leaf Culm Leaf Culm Leaf Culm Leaf

Control 006 011 01 042 08 087 006 009 004 003
(the organs of 1 year old) (+0.01) (x0.03) (x0.01) (+0.10) (0.05) (+0.10) (+0.01) (+0.01) (+0.01) (+0.01)

Ist 010 013 011 030 131 140 006 013 002 002
(the organs of current year) (+0.02) (+0.03) (0.03) (+0.05) (+0.10) (+0.20) (+0.01) (+0.02) (+0.01) (+0.01)

2nd 011 014 013 03 15 114 007 014 004 003
(the organs of current year) (+0.02) (0.05) (x0.02) (+0.06) (+0.15) (+0.10) (+0.02) (+0.03) (+0.01) (+0.01)

367 2435 161 5715 741 501 38 56
(£176) (x190) (£151) (¥203) (#40) (#50) (04 (07)

2133 2633 1621 4036 624 394 43 55
(£32.1) (£125) (£180) (#251) (#45) (#20) (+0.3) (x04)

2716 1722 2561 4R1 640 404 63 59
(£176) (£170) (£150) (£175) (£30) (25 (+06) (04
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Table 18. Comparison of macroelement and microelement on S. quelpaertensis and local hay, and soli of horse’s grazing area and pasture.

Macroelement Microelement
Compartments P20s Ca Mg K Na Fe Mn n Cu
(ppm) (unit: Soil-cmol/kg, Plant—%) (ppm)

S. quelpaertensis 0.08 0.26 0.08 0.87 0.04 300.1 368.3 62.1 4.7

Plant
%Bﬁﬁ?zomemtm 0.16 0.21 0.14 1.27 0.19 1202 1069 325 6.6
Grazing area 1.63 0.21 0.2 0.17 0.19 999 22.2 2.9 0.5

Soil
Pasture 20.5 2.60 0.90 0.50 0.20 75.6 51.3 114 0.3
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Table 19. Digestibility of horses on S. quelpaertensis.

Organs of last year Organs of current year

Amout of intake (kg) 23.4+4.3 20.1+3.1
Amout of dung (kg) 14.9+2.8 10.6+1.4
Dry matter digestibility (%6) 36.4£0.8 472+1.2
Crude protein digestibility (26) 75.3£1.5 67.8£1.0
NDE digestibility (%) 22.6+0.9 47.0£1.3
ADF digestibility (%) 27.4+0.5 47.1+1.1

Weight of horse before experiment on digestibility: The organs of last year(297+28.5kg),
Organs of current year(303+11.0kg).
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Frekel 2ASATh Assite AFZAWE] 1Fe A PH A 858+39emel A

12 W2 % 956+36em, 23 W 3 157+20cmz W2 3157 Z7)slel] uwpel
BE A gl w2zt 702%, 81.8%7F FHAaF ATk Bosited ¢ e A

35.0+16.3cmell A 12 W& 3 20.3+5.7cm, 22F W& & 114+45cm= W& A 7
Aol ws] Z+7Z; 42.1%, 67.6% FAE o] AR BXEE = S nipponicadl A HER

L
-

7+~ & (Hirayoshi et al., 1968a)S Rt (Figure 26).
AFzd "3t #7152 W5 3157 Skl wheb A-sitew 22+ 32.8%,
43.7%, B-sitex= 77} 35.3%, 55.2%= TAA Ao AEES HATH HEEH @9
HAY 2795 A-sitedl 45 &5 A 1164+1097H/m'ell A 68.0£10.27]/
32.0£7970/m' 2 FAA skt Bositew 68.9+27.9371/mioll A 78.08+40.55

A/mez S7hE AT 7t 383432570/ m = thA] 24 B A eH(Figure 26).
olglgt At AFEIY =719 ALAF o 2d AR 49 25H 9¢
D7HA] AR7IE AX 108925H 39 2714 FH71E A F AAE He
A-site =71(cum)?] A5 BA7IE AXA Eepo] AEHHQ T HAHIL o] F
=

o]z whH B-site:® Z7]°

nqo

Anl D= (Smilax  china), ZWANZEViola acuminata), W& (Lycopodium
olof WME FoYL AT
1475 BEA A 12 W8 o= oM Hedera rhombea), °f714Y2](Disporum

b
_0|L
2

O
)

serratum), °.-E(Akebia quinata) S5°] 3

smilacinum), B+ (Schizophragma — hydrangeoides), 1A} AH Botrychium

ternatum) 5 ZEAEI ASANE FASE AAYNT(Carpinus  laxiflora) A5
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ol Lxse] FUYE AFe 180E FAH BE - 3o FUYE 21%7F F
74k Ao ® yEbsth R 22 e ok ]
st 9, MAT7E S7F AFS B tHFigure 27). B-site® W A Foh n)
(Dioscorea batatas), v"Fr=(Trachelospermum asiaticum var. intermedium), <%
(Ainsliaea apiculata), V=(Lindera erythrocarpa)A| 5= 5°] F3¥3to] e 1788
HAT 12 W5 3 AU (Pinus densiflora), 3 (Quercus grosseserrata), H.2]
FU(Elaeagnus umbellata), W=U-5-(Styrax japonica) 5°] &S 7%= A
F S mpakE AW Goodyera schlechtendaliana), B22(Clinopodium gracile var.
multicaule), BV EZ(S ching) 52 Z¥E2]Eo] R¥slo] FUAdr 1.86, 23 HH-E
197 A4 ¥ Ak (Figure 27). o)A o] gl wa} AlFx5]
7t sk B A A A SAF, NATTE SUbske Aol o WA
Aol Exst= T tisfiA s d&E B Ao A E ST

oa WAE Aoz WEA A-site?l 45 BE3= FHES T 207 255 37F 643
WAL R AR, 7P Bol 2xsta 9= AR e R= vE U (Lindera
erythrocarpa) 1570Al,  wWSU5-(Styrax  japonica) 81MA|, Z¥iuS(Sorbus
alnifolia) 48714 59 o= XA AT

2z W& 5 wo] R 2 A7) (bark chewing) %o W& vy ANS H
TELE 177 215 27F 88/MAlF o2 AR RO, o|F 7 Bwe F=F o
= 1870 A, F 3 Y- (Euonymus oxyphyllus) 10744, ¥ 7704 59
o® ZAFAIL F FEste FE Foll ot &S 73.0%, T A o

o]

fe e

B
O
b

sk & &2 13.7% = ZAE At (Table 20, Appendix 1).
o] YRR 7o g vt dog Hol= UFe ¥ I 850 =
7] wiitoll F&ol M3 Fol= dAbo] YER= o]dd wWE AP FEE 87

114 12% 3AITe 2 Iy 7704, ds5us 6714, vE5uS 6704 5
719l A7 o] Semeoll o] oldgRow v do] WAA Y] i g A
of %2 (lignin)7F A< WF2 dEter F £ FEIF il aAES

43.3%, & WAl i8] DAME S 48%= ZAFE A TH(Scharf & Hirth, 2000).

=

X
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Figure 26. Changes of growth characteristics on the S. quelpaertensis

according to horse grazing times by survey area.

Y A to B sites were described at Figure 5.
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Figure 27. Changes of species diversity on vegetation under the S

quelpaertensis according to horse grazing times by survey area.

Y A to B sites were described at Figure 5.
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Table 20. Number of striped trees by behavior bark chewing of horses.

Striped trees No..(.)f No of No. .Of : NO.'
Families Genera Species of individuals
Total tree 20 25 37 643
Damage tree 17 21 27 88
Damage rate (%) 80.0 84.0 73.0 13.7
Dead tree 3 11 12 31
Dead rate (%) 40.0 44.0 43.4 4.8

ol AF Tl ¥ FEAERY] AL Arnd dF
60.0% Q%= e ofd el A5 10.6% UEFR oW, 59 ato] mhehA
+ 50cmelst7F 81.8%, i17F 150cm ©]de] 15.3%% et

2005). °l¢t Bl E AN = HAFE Fo UFRAAY7 7 137%= =
B

ro
=
>
=

w,
&

A1 o] qF FAY UFAZAX 7] (bark chewing)
g Eoll o3 Aol Hi=d olyet Fs AFZA WA A Fo Hol

, AH 5 ol ZhA ]lel ofsf dojdth(Ralston et

Z(AUD, Animal unit day)< #2413 A3 A-sitex 1

AAFLE 24.7kg, 273 WE7|7H 5k 26kg o ® 22F HFEA] o] 7 HFHFS
b W wlE) 22.1kgol w43 stk WA Bositeol A dHF A S 1
A} W7 7HE o 24.4kg, 23F WE17HE S 18.1kg o2 13 W&o H]d) 6.3kgo]

st AWt or ThS5o Hol¥e Ao @43 FE Aol w9
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o

| & =] thZtH(Scarnecchia, 1985; Ruyle & Ogden, 1993). AlF=z2z ol of
Ao A & gk w7} &Rl AFHee Fe T E 234kg, Ax

=y
20.1kg o & ZALE A= D AF9 7%, 8% = AEEH A tHTable 21). Wtk A

o] RE:om WRHAY7] BEol ekt 38Rl

F2YW7E R4k HdA s Edste Foll B, V2, %= 5 4] A
o] el Al E Ao vy By e TAEH = dEES £017]

Table 21. Comparison of AUD on S. quelpaertensis for horse grazing by

grazing area.

Grazink times Production Intake Grazing days AUD AUD/WH
amount(kg)  amount(kg) (kg) (%)
A-Site” 1st 1,327.6 1,137.4 23 24.7 3
2nd 60.4 42.3 8 2.6 1
B-Site 1st 19,133.0 11,685.5 120 24.4 8
2nd 9,177.0 8,382.4 116 18.1 6

AUD: Animal Unit Day, WH: Weight of Horse

Y A to B sites were described at Figure 5.
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Figure 28. Growth characteristics monthly after cutting of the S.

qguelpaertensis in deciduous broadleaf forest.
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Figure 29. Growth characteristics monthly after cutting of the S.

quelpaertensis in Pinus densiflora forest.
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Figure 30. Growth characteristics monthly after cutting of the S.

quelpaertensis in shrub forest.

_76_



AFzA WA F A Al waE 2A 2 Gh45Yd 4
APT dETel v AuHoR FugE W F F@ AARL
ow, 6~79% JFon TRt F7hel

o 79% NFer AF

BN
Nd)
o o
3
2
i}
X

Hir
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RY

=l e, AEza AATAE 156(2 3
WA G 1977)), gzl = 096(Ed/MA Ht 11
(Figure 31).

=
=

>4
|0
fru
2
e
i
32
)

St A o 2= By (Ilex crenata), "F21= (Trachelospermum asiaticum
var. intermedium) &°| AT o FEHoRE FAsA L, AFxE

o e ASHE S A= ME(Lindera erythrocarpa), oy

%

(Carpinus  laxiflora), =3} (Quercus X grosseserrata), $E=U5(Acer
palmatum) & X5 X5 FH|H|F(Hosta minor), M7 %=5H(Hepatica
)
=1

A7} ol Folnl A Fol A FH AT

insularis) &< AFZE
PS

AR A5 4G L dee] FhE W 6-78L FoD 0
& me] HSYs NS AOR vehit) 792 1F0R AFEAY WA 2

F45 AATANA SR AG5E 094E3NA Fit 1007) = 7 =4 epska,
o2 gzrolA 056(FAMA Hit 407) o2 Ve o AFZI A AT
Me 1T 2WAREe] Sdskith 53], ST E A7t 9o AlF=sid Ex 2 F
AZ AATAA 0002 Y2 vt & =3 JASTE T EEMonotropastrum
globosum) 137WA|7} @8t a, AT A foA= TTYdE A57F 056202
v 370A), mhakE 170A)7F A Aol S A o]l thFigure 31).

BEY P9 Frhgme wehs 89S JFoR T W FAAE

(¢}

4s 7To R I E A S BAY 7THE Vgl E AFEId 2 REE AA
Tolde L3EAMA H 100D =2 7 =A desta, AFE3g AT
LO3(EE7HA "+t 6.070), tix+ 0.00(EANA Bt 2370) ¢o8 Frdert A
Z9AHFigure 31). A FEoR2 ZHdsle= FogE XN (Arundinella
anomala var. hirtiglunis) = ZAMEQOoH, AdFo|A = Qo E(Sanguisorba
officinalis), AFURZ(Potentilla  stolonifera var. quelpaertensis), 373

(Reynoutria elliptica) 5°] Z=d3F4t}
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Figure 31. Changes of understory vegetation after cutting of the S.
quelpaertensis by vegetation types in Mt. Halla.

A: Deciduous broadleaf forest, B: Pinus densiflora forest, C: Shrub forest.
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() AFzAY BA A5 HE Y% W
AEECEEREE

a "AAGS AAFIEZ il 2008 % FAME 7|To =2 H A S
o G A5 dAslgee FUbstel weh AlFxE e e gx2T
55.55cmoll 4] A-site 31.79cm, B-site 16.54cm, C-site 9.2lcm= ZAFE o] H A

3571 S7ksholl el A-site 42.8%, B-site 70.2%, C-site 834% =7} #HAE H
Gtk A7k H71% ER 223mmeol A A-site 2.02mm, B-site 1.41mm, C-site
0.93mm= 9.4%, 36.7%, 58.3% =2 A5 H ATHFigure 32).

Ha sl S7ie wE g wWils dE+ 66.80arol Al A-site 59.26crm,
B-site 44.57cr, C-site 26.32erf= Hz| 3157 F71ge] wehk A-site 11.3%,
B-site 24.8%, C-site 40.1%% #AH AL AFzsie] G Add 97,
FE, dEd HA Sl S wEt s o ® A E Stk (Table 22).
A AF2S ) AT A WE F7|(culm) 1700 = WsE B
Haj 371 S7Fske] wel & 1.91g/culmeoll Al A-site 1.75g/culm, B-site
1.02g/culm, 0.43g/culme = oz Hla] A-site 84%, B-site 46.6%, C-site
77.5%7F A28k}l ol& 7HA AL A5 =3t Ayt B Sl F7hgel
whel o2 1.0001 A4 A-site 0.82, B-site 0.28, C-site 0.05= 4F&5% o] WA
ol AFxHUNE EAFoEZN AFZHAY A5 B2 AfE F= A=
¢t tH(Table 23).

G AF2RAd Y] 7] (culm)F W3ke 18] "FAA iz 121.4470/
‘ol A A-site 14070/m’, B-site 70.778/m’, C-site 24.37}/mZ R =7} S7}8tA
2dtE Aoz yelhgth(Figure 32). o]+ 13 & xjsh
B AZFAA T EAE @A77 Al 25 del FAH dW F
st=dE Aol ol &t oy 2xHE A Foll= F3=do o] d&etA o}
Z7]9] wrAlo] Ao Ao g MZFETHSaitoh et al., 2002). ¥FH AFxE ) E )
Sl S7bll wE SEAAY FuYdE AF W= gz 070914 A-site
1.13, B-site 1.60, C-site 1512 F7}5 & 43S YEbwth weba dajo] o2
ATz "B styAAe] Fudes 9o Adr=-0593, P 0055 K
Aoz A H A (Figure 32).
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Figure 32. Changes of growth characteristics on the S. quelpaertensis and
understory vegetation accorded to number of yearly cutting by

vegetation types.

Y Means within a column followed by the same letter are not significantly different at
5% level by DMRT.

A: Deciduous broadleaf forest, B: Pinus densiflora forest, C: Shrub forest.
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Table 22. Change of leaves characteristics on the S. quelpaertensis

according to number of yearly cutting by vegetation types.

Vegetation No. of  Leaf area Leaf length Leaf width Leaf girth
type cutting (cnf) (cm) (cm) (cm)
Deciduous broadleaf () 66.80% 18.64¢ 4.92¢ 36.23°
forest
1 59.26° 17.69° 4.55° 31.98"
2 44.57° 15.62" 3.84" 2751™
3 26.32° 12.02° 2.81° 23.20°
Pinus densiflora 0 72.75° 19.71¢ 5.52¢ 34.95"
forest
1 45.54° 15.70° 4.00° 30.57"
2 28.77" 12.63" 3.14° 27,56
3 15.29° 9.84° 2.08" 21.24°
Shrub 0 25534 11.49° 3.14¢ 21.53°
forest
1 14.73° 8.64° 2.35° 18.48"
2 9.33 6.67" 1.85" 14.58°
3 6.94° 5.79° 1.63° 13.11%

Y Means within a colurm followed by the sare letter are not significantly different at 5% level by DMRT:
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Table 23. Changes of biomass per culm on the S. quelpaertensis according to

number of yearly cutting by vegetation types.

Vegetation type No. of Culm Leaf
e \iélegsffllt wlzirgyht Inhibition sz;egS}}llt wlzirgyht Inhir]?itio
(g/culm) (g/culm) index (g/culm) (g/culm) index
Deciduous broadleaf 0 298" 0.95° 1.00° 266" 0.96° 1.00°
forest 1 239 081" 076 264°  094° 106"
2 120" 0.38° 0.23° 171" 064" 0.50®"
3 047* 014 0.04" 071 029  0.10°
Pinus densiflora 0 324° 098 100° 203 117 174
s 1 157" 0465  024° 147" 0745 046°
2 0.69* 0.23 0.05° 124" 045° 0.23
3 0.5 = 007 0.01° 044" 013 0.02°
Shrub 0 .00 033"  1.00° .07 035" 1.00°
jorest 1 051° 019 034" 063"  026°  050®
y 0.25" O, 0.10°] 047"  0.24° 0.35°
3 0.14* 005" 0.02° 036" 016 017"

Y Means within a colurmn followed by the same letter are not significantly different at 5% level by DMRT.

Figure 33. Dendrogram of hierarchical cluster analysis according to characters of

growth on S. quelpaertensis after cutting.
CASE O 5 15 20 25
Buclidean distance | | | | 1
Deciduous broadleaf forest

]
Pinus densiflora forest ]
Shrub
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Appendix

Appendix 1. Species of striped trees by behavior bark chewing of horses.

No. of N of Dead

Species
total trees Damage trees tree

Family 1. Pinaceae 2453}

Pinus densiflora S.et Z. 25 30
Family 2. Betulaceae A}Zbi}i-3
Carpinus tschonoskii Max. 74 oy 3 1
Carpinus laxiflora Bl. A oju5 5 2
Family 3. Fagaceae Zu53}
Quercus X grosseserrata Bl. &35 30 1

Family 4. Magnoliaceae ¥ 3}

Magnolia kobus AP.DC. =& 4
Family 5. Lauraceae =453}
Lindera obtusiloba Bl. A 735 4 1 2
Lindera erythrocarpa Makino H]&- 45 157 7
Family 6. Rosaceae &w] 3}
Prunus maximowiczii Rupr. AF7] 3 x| U5 39 4
Prunus sargentii Rehder AFH 5 29 5 1
Pourthiaea villosa Decne 2|5 29 4 2
Sorbus alnifolia (S.et Z.)K Koch Z#ju}+ 48 5 2
Sorbus commixta Hedl. v}7}5 1
Family 7. Leguminosae &3}
Maackia fauriei (Lev.)Takeda <85 1 1
Family 8. Rutaceae & 3F3}
Zanthoxylum schinifolium S. et Z. 2}z=45 4
Orixa japonica Thunb. 4k 4 2 2
Zanthoxylum piperitum APDC. Z3 U5 3 2
Family 9. Aquifoliaceae 7813}
Ilex crenata Thunb. 3245 4 3 1
Family 10. Celastraceae *=4+4 =3}
Euonymus oxyphyllus Miq. 3|5 21 10 7
Family 11. Aceraceae T334}
Acer palmatum Thunb. @315 2 2 1

Acer pseudo-sibolianum (Paxton)Kom. B ¢%
Acer mono Max. 123U
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Continued from previous page

No. of No of Dead

Species
total trees Damage trees tree

Family 12. Sabiaceae “}=4HH}H-2

Meliosma myriantha S.et 7. X35 1
Family 1. Pinaceae 2453}
Pinus densiflora S.et Z. 245 30
Family 2. Betulaceae A}ZHipi-3}
Carpinus tschonoskii Max. 7|4 o] 5 3
Carpinus laxiflora Bl. A o]y 5 2
Family 3. Fagaceae #iu53}
Quercus X grosseserrata Bl. &35 30 1
Family 4. Magnoliaceae & 3}
Magnolia kobus APDC. &d# 4
Family 5. Lauraceae =153}
Lindera obtusiloba Bl. X735 4 1 2
Lindera erythrocarpa Makino H| &5 157 7 4
Family 6. Rosaceae %)%}
Prunus maximowiczii Rupr. A7) 8 2] U5 39 4
Prunus sargentii Rehder AFH U5 29 5 1
Pourthiaea villosa Decne & =2 U5 29 4 2
Sorbus alnifolia (S.et Z)K Koch Zwju5 48 5 2
Sorbus commixta Hedl. w}7}H= 1
Family 7. Leguminosae 3}
Maackia fauriei (Lev.)Takeda <85 1 1
Family 8. Rutaceae &3}
Zanthoxylum schinifolium S. et Z. AFZ=Y5F 4
Orixa japonica Thunb. 24k 4 2 2
Zanthoxylum piperitum A.P.DC. 23|} 3
Family 9. Aquifoliaceae &5}
Ilex crenata Thunb. %5 4 3 1
Family 10. Celastraceae =4+d = 3}
Euonymus oxyphyllus Miq. 345 21 10 7
Family 11. Aceraceae ©3&1}3}
Acer palmatum Thunb. @&y 2 2 1
Acer pseudo-sibolianum (Paxton)Kom. 3 %%
Acer mono Max. L2 }5F 1
Family 12. Sabiaceae “}% ¥}
Meliosma myriantha S.et 7. X935 1
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