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SUMMARY

The new bud and bark of Kalopanax pictus are known as a medicinal plant and valuable
food resource in Korea. Recently many effective ingredients are recovered and demand
for Kalopanax pictus is rapidly increasing these days. This rapid increase in demand
causes over harvest and can destroy their valuable genetic resources. So urgent study for
its conservation and restoration is needed. Intensive cultivation and cultivation in the
forest method can provide needed materials.

In the study we aimed 1) to establish desirable populations of Kalopanax pictus,
2) to find efficient intensive cultivation methods for higher new bud production, 3) to
search cultivation method in the forest, 4) to increase effective ingredients in the target
trees and 5) to provide superior trees to farmers for better income.

Research site characteristics, vegetation structure and dynamics of Kalopanax
pictus forests in Mt. Heungjeong, Mt. Balwang and Mt. Gariwang were studied to
provide the information needed for national resources conservation and restoration of K.
pictus forest in Gangwon-do of Korea. The K. pictus forests were distributed at 780m to
1,300m in altitude, steep slope, ridges-slope arcas with facing northeast to northwest in
good nutrition area. The annual diameter growth of those trees ranged 1.60 mm to 2.41
mm. During early 20 years trees showed higher growth rate and then they showed
decreased growth rate. The result of TWINSPAN ordination show that geographical
features played a role in determining community types in the study areas and MIV value
showed 24.55% in Mt. Heungjeong, 29.25% in Mt. Gariwang, and 38.25% in Mt.
Balwang.

Species diversity (H ") of investigated areas ranged 1.3124~1.3992 and this
value relatively higher than that of other forests with similar site.  The distribution
pattern of Morista's index show that Kalopanax septemlobus  distributed randomly in
tree and concentrated a few sample plots in sub-tree layer and shrub layer.

The range of similarity indices between surveyed areas was 64.31 ~64.54%. The
association analysis showed that Kalopanax septemlobus  positively associated with

Betula ermani, Deutzia glabrata, Carpinus cordata, Fraxinus mandshurica and



negatively associated with Symplocos chinensis var. pilosa, Styrax obassia, Acer mono,
Euonymus macroptera, Ulmus davidiana var. japonica. According to the diameter
distribution of Kalopanax pictus community, the community of Mt. Gariwang will
gradually decline and replaced by Quercus community.  The communities of Mt.
Heungjeong and Mt. Balwang has its seedlings and saplings, so it may be sustained.

This study was conducted to reveal the effective germination method of K.
pictus by 6 different storage conditions, GAz concentrations, germination temperatures,
and seed collection times. The obtained results are shown below; The rate of spilt achene
pericarp was analyzed for 6 storage methods; ie, dry and moist room temperature
storage, dry and moist cold storage, moist storage and cold stratification storage until 12
weeks after sowing. The moist storage method showed the most excellent value (82%) in
the rate of split achene pericarp over all storage methods. But, non-split achene pericarp
occurred when the seeds were stored either dry room temperature or at 4C without
providing any moisture. Germination rate was peak (80%) when treated with 1,000mg/ ¢
GA; after gradual exposure to the temperature ranging from 4°C to 25°C with moisture.
However, no seed germination occurred when the seeds were stored either dry room
temperature or at 4°C without providing any moisture. The effect of temperature on seed
germination was also analyzed. When the seeds were cultured at 20°C until 5 weeks,
78% of them was germinated. However, as the temperature got either lower or higher
than 20C, the germination rate decreased. The seed collection time also appeared to
influence the germination rate. When the seeds were collected on October 10 and 20, the
germination rates were 78 and 80%, respectively. However, the germination rate of seeds
collected earlier than that period decreased dramatically.

Inorganic nutrients analysis in early leaves showed that good growth trees had
higher in N and K. Good growth trees also showed a bit higher in P, Ca, Mn, Fe, and
Zn but no difference in Mg and Cu. But Na was low in good growth trees. There was
no indication between Ca, Fe, Cu, Zn and early tree growth. This result suggested that
N, P, K, Mg, Mn, Na were beneficial nutrients and Na was not. Therefore it is good to
add N and subtract Na for better intensive cultivation practice.

We tested relationship between tree branch & shape and bud production. Tree



with many branches had better bud production. But there was no difference in bud
length and leaf emergent period. The quality of new bud was better in 3-, 5-, and open
branch types. So it is desirable to have 3-, 5-, and open branch types for higher
production.

We investigated light conditions in the forest based on sunfleck, diffused light,
light quality and intensity. In result, sunfleck resembled sky light, light intensity was half
of sky light and short wave length was reduced. This changed light intensity and quality
in the forest. Sunfleck was reduced in PAR spectrum but far-red and red spectrum was
not much changed. In the result suggested the light (sunfleck, diffused) reaching on forest
floor showed light intensity and quality changes.

We checked light condition effects on seed germination. Far-red light treatment
a bit stimulated gibberelin-treated seed germination. And red light treatment inhibited seed
germination. This indicates the light which reaching the forest floor has large portion of
far-red light and this will be sufficient for normal seed germination in the forest.
Because far-red light can stimulate cell elongation and believe that phytochrome will do
a role in this response.

Three tree species (Populus euramericana, Kalopanax pictus and Quercus
serrata) exhibiting different levels of shade tolerance were employed to investigate
photosynthetic responses to the lower light condition on forest floors. Chlorophyll
contents, spectral properties and photosynthetic characteristics were examined by using the
tree species grown under high light intensity or low light intensity. Plants grown under
the low light intensity tended to have reduced leaf area, chlorophyll content per unit leaf
area, light absorption and respiration in the shade intolerant tree species of P.
euramericana. However, the shade tolerant species K. pictus and Q. serrata showed
increased leaf area, chlorophyll content and net apparent quantum yield. Therefore, light
absorption and light utilization efficiency were improved under the low light intensity.
Also shade tolerant species maintained activities of photosystems and CO, fixation
systems with little changes in low light intensity condition.

We measured the effect of tree aging on the level of shade tolerance by

photosynthesis rates. In result, photosynthesis rate, light utilization efficiency, carbon

_10_



fixation rate, photo-respiration, photo-saturation, photo-compensation were not changed
with tree age. But trees grown in the forest showed lower water utilization and
photosynthesis rate with age. This suggested that it would be better to be down tree
density with tree age.

Effective ingredient was surveyed in 7 native populations with 4 kalosaponin
contents. Inner bark showed the highest content. New bud and root bark were next. Tree
in Mt. Balwang showed the highest and Mt. Gariwang, Hallasan II, Chunnam Mangwoon,
Kyunggi Paltan, Hallasan I in decreasing order. We believe that this difference comes
from genetic and environmental bases.

We also measured the factors that could effect on kalosaponin contents. Inner
bark was related with Kalosaponin P. Inner bark weight and tree age were related with
Kalosaponin O. On the other hand, inner bark weight and DBH were related with
Kalosaponin B. In result, traits of inner bark are closely related with Kalosaponin
production.

To transfer this desirable cultivation technique, we selected 53 superior local

populations and established a forest for seed harvesting (12,320 m’, 1,920 trees).
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Photo. 3.1. An 1,000 year old Kalopanax pictus as a natural monument (No. 363) near
Samcheok City, Gangwondo (Height, 20m; DBH, 1.8m)
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25.62mol ™, AL HEA 2 247 26.94um, 20.98me] AtolE UERH Ao®E K

S (Kalopanax spp.)& SolAlo} T-FEOR Fig. 4113 o] 3= R
T, W, S5 Aol s Ao Fxsta e IFE g alEolri(o] FE,

Nakai(1927)9] “ZA2F Fo55o B2 9 HX] ZAIR A7 98 U
(K. pictum Nakai)= F3 o=z detAHN
AxAom wxati glon
ATHFig. 4.1.2). =3 FHHo 2= FEALAE 3T 200m ol FolA, S5
EREA = 100m o] ddA] Bxstes d F2 dE3 400m A G ExES= A

o2 HIFN

w

3° 20 ")l A F-E W FAHIN4Le 37 ) 7HA]

Fig. 4.1.1. Geographic distribution(’X]) of K. pictus in North eastern Asia (Missouri
botanica garden, 2000).
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ZAPA] B9kl olsleHEA xAL A¥(Table 4.2.2), EYpHE 581(£0.05)2 -
gutel A Eke] HFA 55(0], 198) R T ¥ o nuF FAd I E
o]t F71 B TS 964(£048)% = AHESRF A F7]| =] =S B

RS 1 (4544297 B} = AR, A 2at dha g (ere o], 1998) 12.3~13.1% , &
A 2R (b o, 19979 215% Btk Wtk Bk e YEE
Yol AFEHCEC)S AA AA Ht 22.3(10.97me/100g)2i HE Azy
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2~19 .0me/100g S HT HuA Ee gks vEha Advk A3d d7]= Cal>
Mg > K' &£o2 Z+7F 4.83(+0.53), 0.60(£0.05), 0.45(+0.03) me/100g°] =6l 1] L%
AEAAAS deEhE ZtuEE(3 5, 1992) 7.8, 2.0, 07 me/100go] w8 ke
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Table 4.2.1. Description of the physical features and the stratum for each plot in the Kalopanax septemlobus community in Mt.

Hungjung, Mt. Gariwang and Mt. Balwang.

Survey site Mt. Hungjung

Site No. 1 2 3 4 5 6 7 8 9 0 11 12 13 14 15
Altitude(m) 965 960 950 940 935 920 855 845 830 825 820 830 915 885 845
Aspect N70W NIOW N60W N6OW N5S0W N30W N30W N30E N6OW N4OE W E N N30W N4SE
Slope(. ) 15 15 20 20 20 15 25 25 30 20 25 25 30 25 15
Height of canopy(m) 112 12 12 13 13 12 14 13 12 13 13 10 12 13
Mean DBH of 20 25 25 22 20 25 20 20 20 20 22 20 20 20 20
canopy(cm)

Cover of canopy(%) 20 50 50 50 60 50 40 40 40 40 40 50 40 40 40
Height of 6 7 7 6 & 8 7 8 & 8§ 9 8 8 8§ 8
subcanopy(m)

Mean DBH of 8 7 8 8 g8 10 6 6 8 6 7 10 8 6 8
subcanopy(cm)

glcl):)vcearn(?;y(%) 60 40 40 40 40 50 40 40 50 50 40 40 40 40 40
Height of shrub(m) 05 05 05 05 06 05 05 05 08 06 06 06 08 07 07
Cover of shrub(%) 30 40 40 30 50 50 50 70 60 70 60 60 60 60 60
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Table 42.1. A<

Survey site Mt. Gariwang

Site No. 16 17 18 19 20 21 22 23 24 25 26 27 28
Altitude(m) 970 985 990 980 970 975 975 980 985 990 970 985 1045
Aspect S30E S30W N  N30E N30E N30E N30E N N N N  N30E E

Slope(. ) 20 20 15 15 15 15 15 20 15 15 15 15 15

Height of

canopy(m) 13 12 12 11 12 11 15 13 14 15 14 14 14
Mean DBH of 8 20 2 8 30 20 30 25 25 25 30 25 30
canopy(cm)

Cover of 40 40 50 40 60 50 40 50 60 60 50 50 50

canopy(%)

Height of 6 5 7 5 4 5 6 5 6 7 7 5 8

subcanopy(m)

Mean DBH of 8 6 8 6 5 7 7 7 7 8 8 7 8

subcanopy(cm)

Cover of 40 40 50 50 40 40 60 40 50 50 60 60 40

subcanopy(%)

Height of shrub(m) 0.5 0.5 0.6 0.5 0.4 0.3 0.4 0.5 0.6 0.3 0.5 0.3 0.5
Cover of shrub(%) 50 60 50 50 60 60 60 60 60 60 60 50 60
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Table 42.1. A<

Survey site Mt. Balwang

Site No. 29 30 31 32 33 34 35 36 37 33 39 40 41 42 43
Altitude(m) 935 950 985 985 1000 1035 1040 1095 995 985 780 1300 1215 1185 975
Aspect S35W S40W S60W S8OW S45W W W E  N30E N60E S E E N60E S60E
Slope(, ) 20 25 25 20 25 30 20 25 25 25 20 15 25 25 20
Height of 3 14 12 13 12 13 12 10 13 14 13 1 13 14 12
canopy(m)

Mean DBH of

canopy(cm) 20 25 20 25 26 30 25 26 25 35, 20 30 35 35 30
Cover of 60 50 50 40 40 50 50 50 40 40 60 50 40 40 50
canopy(%)

Height of 5 4 5 6 6 6 5 5 6 6 5 6 5 5 6
subcanopy(m)

Mean DBH of 6 5 4 7 5 s 6 71 7 7 5 8 7 6 8
subcanopy(cm)

Cover of 30 50 50 40 40 40 30 40 30 40 30 40 40 50 40
subcanopy(%)

Height of shrub(m) 05 06 05 04 07 05 07 05 05 06 05 05 07 07 05
Cover of shrub(%) 60 60 60 70 60 50 60 50 70 50 60 60 40 50 50
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Table 4.2.2. Chemical properties of soil in the studied districts

i Exchangeable cation (me/100g)
o No. Organic Total NH, N NOs N pH P, O g & CEC.
District of Matter  nitrogen (ppm) (ppm) 2 (ppm) (me/100g)
ot ) ) PP s P e ek N :

Mt Heungjeong 15 6.83+0.58" 0.20+0.02° 12.68+0.53" 4.570.24" 5.79+0.06" 15.27+1.70* 3.16+0.52° 0.36+0.03° 0.39£0.03* 0.06+0.00° 18.25+0.97°
Mt. Balwang 13 9.97+0.90° 0.29+0.03° 15.51+3.10° 6.42+2.39" 5.80+0.12° 19.80+4.23" 3.66+0.50° 0.59+0.06" 0.43£0.05" 0.08+0.00° 22.43+1.57"
Mt. Gariwang 15 9.18+0.75" 0.39+0.04° 19.91+£3.11" 10.06+4.17" 5.84+0.10" 20.234£3.6" 6.60+1.41" 0.88+0.11" 0.53+0.07" 0.08+0.00" 26.85+1.73"

Total 43 8.63£0.48 0.29+0.02 15.44+1.46 6.91+1.51 5.81+0.05 18.35+1.87 4.38+0.53 0.60+0.05 0.45+0.03 0.07£0.00 22.30+0.97

* Different letters within a row show significant differences between districts at the p<0.05 level by Duncan's multiple range test.
(meanstse).
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Fig. 4.2.3. Annual mean DBH increment of 65years old K. septemlobus growing on each area.
(meanstse, n=5).

SuUFe Hi dAF AAHL 160~241mm/year o|goy, 7] 2067k A=A
g Hd AE Ry Floy, O 35 AEHoR fidte AEFS UEFWHFig

A
423.). A9 ugtA = EAko] 24lmm/year® 7HE =11, 7] €AF 1.98mm/year
A4 1.60mm/year 22 A FS YeErlh oy How wol wrgkal x o] tf

2 27 A vl £ 43 eS¢ & A

N

AT E A

U A A 9] F 437) AR vegetational data matrixe] g #HA S
TWINSPANCS % Z2 8 A= Fig. 424 ¢ 2ok o 39 Ao Jhs-HdA
el ATE gAY, Bas $AAAY a2la Cas Zhe At AgeR Yol
Hom, Al ATFels a9 2aFo®, BagdAes st gt A% 199 plot
s XY e 2aFer FeEHern, CagdAs 579 2aFom TEEHA
o ol 22 A o5 A AFH ATet fAG AR} Ao

1=
aFHE Agez BAATUe A97 Az Agur o FAH Aoz A

&

Adnkd o2 TWINSPANe| <3 o] ®eE w EGFEe (o] &
1989 ; ©] %, 1990a), At#A(e] %5, 1990b), AFE(Allen %5, 1983), afrire} A4

_36_



|

7‘:310

o 3

A ol A

p=2
[e)

1996)

=N
S}

1996 ; ©]

=N
S}

(Webster,1961 ; Katagiri& Tsutsumi, 1978 ; 4t

s

Br

Al

e

TWINSPAN¢]

ol

B
,ZT-C

=4

Table 4.2.33% o] 37§ ZAPA A

| -

=)
T

53.83% o &2 <H

2.33%<

15.00%, ¥y 10.12%, A ZHE 9.05%, & 8.40% €]

A

o

21.34%,

tslom, Adu

S|

ol

R

\=)
T

=
]

)=
T

il

A el nla]

j=4

7.53%,

=

pu—

+F

157 o

s

e

1

X

ﬁ'm 9.5500, _TLEZ.:]L]-

h=]

=

12.04%,

=

5

s
oz eon, o A9 HEZof

A} A
-

15.21%,

5

3.56%,
=

o<
e

PIFASE!

5.28%

L

L

BR
o
)
N
A

_37_

Fig. 4.2.4. The dendrogram of TWINSPAN stand classification of forty-three plots in
Kalopanax septemlobust communities of Mt. Heungjeon, Mt. Balwang, and Mt. Gariwang.
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Table 4.2.3. Impotance value(IV) and mean impotance value(MIV) of woody species for each group.

Iree species Mt. Hungjung Mt. Kariwang Mt. Balwang common
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV fame
Pinus densiflora 1.35 - - 0.68 - - - - 1.96 0.61 - 1.18 ENBES
Abies holophylla - 2.49 - 0.83 - - - - 0.70 2.60 1.58 1.48 Aty
Populus davidiana - - - - - - - - - 1.89 - 0.63 ARAl L
Corylus heterophyia vat. S 380 063 - 039 078 026 - 128 232 082 AR
thunbergii
Salix hallaisanensis - - - - - - 039 0.07 - - - - U s
Ulmus davidiana var. japonica 7.67 223 085 476 1.14 - - 057 356 6.83 537 528 =5y
Fraxinus sieboldiana - 0.13 023 0.08 - 1.76 - 0.59 - - - - -
H = Fe
Platycarya strobilacea 1.28 - - 0.64 - - - - - - - - = I
Juglans mandshurica 3.60 447 - 320 - 130 - 043 087 099 - 0.77 7h el b
Betula costata - 1.05 - 035 20.83 11.30 123 1432 - 0.30 - 0.10 AAFYF
B. ermani - - - - - - - - 064 227 - 108 Arz=#HUF
B. schmidtii - - - - - - - - - 029 - 010  HELUR
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Mt. Hungjung Mt. Kariwang Mt. Balwang

Tree species common
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV name
B. davurica L10 064 - 076 - - - - 222 222 - 185 EurEUY
Alnus japonica - - - - - - - - - 0.64 - 0.21 LYUF
Carpinus cordata - 094 062 042 - 523 345 232 - 227 170 1.04 Jha]uber L
C. laxiflora - - - - - - 1.17 0.20 - 0.09 - 0.03 A ojyg-
Quercus variabilis - - - - 1.34 - - 067 - - - - =
Q. mongolica 33.17 1401 129 2147 1822 1588 7.11 1559 2134 9.05 0.72 13.81 A
Ulmus laciniata - 0.63 467 099 125 3.8 - 1.69 - - - - e L
Morus bombycis - 0.63 0.16 0.24 - - - - - 1.97 537 156 AR
Berberis koreana - - - - - - - - - 0.10 034 0.09 v 2
Magnolia sieboldii - 437 1026 3.17 - 1.98 4.07 134 085 253 371 1.89 FHr3yr
Lindera obtusiloba - 0.11 1290 2.19 - 146 532 137 1.64 394 1521 4.67 A7
Deutzia parviflora - - 043 0.07 - - - - - - 0.31  0.05 mhuk ] Up
Sorbaria sorbifolia  stellipila - - 0.31 0.05 - - - - - - - - 7N

_40_



Mt. Hungjung

Mt. Kariwang

Mt. Balwang

Tree species common
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV name
Stephanandra incisa - - 7.65 1.8 - - 7.84 131 - - - - ER IR e
Deutzia glabrata - - - - - - 595 099 - 223 955 234 =3
Pyrus pyrifolia - - - - - - - - - 0.10 - 0.03 = v U
Amelanchier asiatica - - - - - - - - 042 0.11 0.57 034 A 7 =
Pourthiaea villosa - - - - - - - - - 0.10 253 046 S=FYUF
Prunus padus - - - - - 078 1.02 043 - - - - AU
P. sargentii - - - - - 0.49 - 016 - 0.64 - 0.21 b
Lespedeza maximowiczii - - - - - - - - - 010 - 0.03 ZEH44
L. bicolor - - 202 034 - - 808 135 - - 459 077 A2
Amorpha fruticosa - - - - - - 404 0.67 - - - - = A v e
Zanthoxylum schinifolium - - - - - 038 1.12 031 - - - - ENER e
Maackia amurensis 0.69 2.10 0.16 1.07 - - - - - 475 080 1.72 =
Rhus chinensis - - 0.08 0.01 - 1.24 2.63 0.85 - - - - U
R. trichocarpa - - - - - - - - - 011 - 0.04 MU
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Mt. Hungjung

Mt. Kariwang

Mt. Balwang

Tree species common
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV name
Phellodendron amurense - - - - - - - - - 0.69 - 0.23 g
Euonymus sachalinensis - - - - - 085 - 028 - 043 147 039 3
E. macroptera - 1.01 269 0.79 - 1.24 234 080 - - - - o 3]
Celastrus orbiculatus - - - - - - - - - - 0.34  0.06 by =
Tripterygium regelii - - 2.14  0.36 - - 048 0.08 - - 069 012 WASEYF
Staphylea bumalda - - 0.43  0.07 - - - - - 0.84 125 049 IFLUE
Acer ginnala - - - - - 0.37 - 0.12 - - - - A
A. mono 207 220 124 198 278 1144 428 592 233 1500 7.53 7.42 LR
A. ukurunduense - 024 - 0.08 - - - - - - - - FAEYH
A. barbinerve - - - - - 1.79 113 079 - - - - A A H
A. pseudo-sieboldianum - 8.02 1727 555 133 796 6.66 443 - 337 398 1.79 s
A. triflorum - 052 038 024 - - - - 041 1.66 1.06 094 =-2}7]
Tilia amurensis 513 2024 1361 1158 - 196 214 101 112 1012 528 4.82 S
Alanghum platanfolium ar——— 09 018 - 049 438 089 - 018 201 040 AU

macrophylum
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Mt. Hungjung

Mt. Kariwang

Mt. Balwang

Tree species commeon
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV name
Kalopanax septemlobus 37.13 17.64 0.08 24.55 49.19 13.95 - 2925 5883 840 038 3228 U
Aralia elata - - 337 056 - 039 405 081 - 017 - 006  FEUF
Cornus kousa - 026 029 014 - 049 - 016 - - - - AhE
C. controversa 449 844 142 530 134 1057 483 500 047 384 092 1.67 =S
Rhododendron mucronulatum - - - - - - - - - - 031 0.05 =
R. yedoense var. poukhanense - - 3.82  0.64 - - - - - 0.19 0.06 Ahd 2z
R. schlippenbachii - - 0.29 0.05 - - - - - - - - N
Symplocos chinensis var. pilosa - - 1.71  0.29 - 040 432 0.85 - 0.55 1.52 044 =AU}
Styrax obassia - 0.76 046 0.33 - 1.40 - 0.47 - 0.58 - 0.19 Zz
Fraxinus mandshurica - - - - - - - - 1.98 195 1.03 1.81 Sy
F. rhynchophylla 218 682 042 343 2.60 1.56 - 1.82 070 3.70 228 196 EF#HUF
Ligustrum obtusifolium - - - - - - - - - - 0.15 0.03 AT
Syringa reticulata var. ) ) ] ] ) ] ] ] ) 0.10 ) 0.03 A8
mandshurica
Callicarpa japonica - - 0.19 0.03 - - 1.21 0.20 - 0.38 12.04 2.13 At
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Mt. Hungjung

Mt. Kariwang

Mt. Balwang

] common
Tree species
TL* SL  HL MIV TL SL HL MIV TL SL HL MIV name
Sambucus williamsii var. -
- - - - - - - - - 019 1.82 037 w3
coreana
Viburnum erosum - - 0.23 0.04 - - 5.15 0.86 - - - - =R AR
V. dilatatum - - - - - - - - - - 057 010 ZpSAgE
Abelia mosanensis - - - - - - 0.33 0.06 - - 1.03  0.17 RIPASE R
Weigela subsessilis - - 0.31 0.05 - - 324 0.54 - 037 227 0.50 R
Lonicera maackii - - 031 0.05 - - - - - 0.18 2.89 0.54 IEYF
Sasa borealis - - 291 0.49 - - - - - - - - Z=
Fuonymus alatus for.
‘ . i - .- 134 02 - - - i 3] QL

ciliato-dentatus

* ; TL: tree layer, SL : subtree layer, HL : herb layer, MIV :

mean importance value
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Table 4.2.4. Moristas's Index showing distribution patterns for important species.

Crown stories

Total

Species

Shurb

Sub-tree

Tree

24.4618

2.9570 20.5419

0.9629

Kalopanax septemlobus

12.0270

2.2212 8.8595

0.9463

Quercus mongolica

4.6259

1.1991 2.1200

1.3068

Tilia amurensis

6.9470

2.0994 2.7950

2.0526

Acer mono

9.7939

1.2632 7.1582

1.3725

Ulmus davidiana var.japonica

10.9838

1.9838 6.7500

2.2500

Cornus controversa
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Table 4.2.5. Value of species diversity of woody plants in the studied communities.

Location No. of No. of H Simpson' ! D H
Plots species (shannon) p (evenness) (dominance) max
Mt.Hungjung 15 45 1.3124 14.3531 0.7938 0.2062 1.6532
Mt. Gariwang 13 43 1.3923 19.6375 0.8524 0.1476 1.6335
Mt. Balwang 15 58 1.3992 16.6540 0.7935 0.2065 1.7634
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Table 4.2.6. Similarity indices between Kalopanax septemlobus communities.
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Table 4.2.7. Correlation between all pair-wise combination of major woody species in kalopanax septemlobus communities of Mt.
Heungjung, Mt. Gariwang and Mt. Balwang in Gangwon-do.

pd Ah Pda ud Jm Be Be Bd Cco Qm Ui Mb Ms Lo Fr Lb Ma Rj Em Ap Ab Aps At Ta Kp Cc  Rp  Sc So Fm
Ah  -11
Pda 06 47"
ud 27 00 -04
Jm  -11  -12 -.08 .16
Be -14 -18 -10 =27 -11
Be -03 -1l -06  -12 12 -14

Bd -.04 407 .78 -04  -11  -10  -.05

Ceo -13 -13  -09 28 10 317 25 -14

Qm .06 .11 -20 .07 -04 -22 -02 -33 -25

Ul =12 =11 09 -04  -09 -0l  -13  -05 -08 .09

Mb 26 .03 .19 04 14 -21 507 16 -21 13 -13

Ms -15 .01  -08 .09 .0l -35 .01 04 34 09 387 -08

Lo .12 -16 .07 260 -02  -16 -.09 17 -27° -08 -17 A9 0 -12 .
Fr 30 -.16 .01 06 -15  -03 12 .02 -.03 -.16 -05  -51 -23 .61
Lb -14 -10 20 -06 -16 -07 -13 1 .08 -.16 -.09 02 -13 13 -.09

Ma -15 30 13 13 -2 =297 .02 -02  -34 .08 -20 .16 22 24 -.02 23

Rj -06 -08 -04 -11 .02 .07 -17  -.06 .08 .09 727 100 05 -8 .07 -1 -13
Em -13 .06 -.09 07 -14  -04 -14  -006 .07 23, .19 -19 .08 14 -24 A1 -.08  -.02
Ap .09 .01 -04  -06 -15 -.06 .01 -.05 03 -27 -04 28 23 -.06 .01 A1 19 -08 -3

Ab  -06 -08 -.04 18 -.08 .07 -.06 -.02 -.04 .02 .23 -09 337 -09 02 -13 0 -13 -.04 06 -.09
Aps -20 -22 -.18 -15 .29 -.15 -.10 -17 22 17 -05  -33 -01  -25 -39 25 -24 .08 41 -.04 -12

At -03 -10 -05 -12 12 -11 20 .02 46 -26 -07 -03 -05 ~-19 .12 -15 -13 -06 -09 .11  -05 -05

Ta 08 .14 -08 13 -04 -39 .12 -07 -42° 33 .05 -13 27 16 -19 -25 09 -21 .09 -17 -16 -02 -21

Ks -15 -02 04 =-31" -19 03 21 -03 14 -23 -17 08 ~-31 02 .16 -14 06 -02 -28 -30° -22 29 09 -0I

Ce -10 -21 =16 -09 .19 21 -15 -0l 07 -36 -17 -12 -09 -18 -12 .16 -06 -06 .16~ 13  -10 25 -03 -17 -0l

Rp -06 -05 -04 -12 .14 -11 -17 -06 -13 .10 -09 -10 -09 -04 -13 -14 -09 -05 -10 14 -05 10 -06 .36 .01 .10

S¢ .16 -20 .02  -19 -12 20 -15 -05 .10 .14 .04 -13 -21 .06 -08 397 -19 07 -0l 03 -07 32" -16 -08 -41" -12 .30

So -10 .04 .13 .03 -04 -06 -10 .09 -18 -03 52" -06 34 .02 12 18 11 -07 35 -10 32" -05 -08 -00 -27 -09 -05 .15

Fm -00 -.08 -.04 -12 .09 -1 .14 -.06 A42; -21 -.09 -02 -15  -18 -.14 -4 -13 05 -.10 .08 -05  -.06 97" -19 .14 -10 -05 -12 -.07
Bd .10 -.18 -.01 14 -07  -23 -.09 .23 -.34 -.15 .10 .05 31 .05 -06  -27 .05 -.15 -.04 -20 .35 04  -08 07 -16 24 26 .15 30 -.16

* p<0.05,** p<0.01 pd : pinus densiflora, Ah : Abies holophylla, Pda : populus davidiana, Ud : ulmus davidisna var. japonica, Jm
juglans mandshurica, Bc : Betula costata, Be : Betula ermani, Bd : Betula davurica, Cco : Capinus cordata, Qm : Quercus
mongolica, Ui : Ulmus trichocarpa, Mb : Morus bombycis, Ms : Magnolia sieboldii, Lo : Lindera obtusiloba, Dg : Deutzia glabrata,
Lb : Lespedeza bicolor, Ma : Maackia amurensis, Rj : Rhus javanica, Em : Euonymus maeropterus, Ap : Acer pictum, Ab : Acer
barbinerve, Aps : Acer pseudosieboldianum, At : Acer triflorum, Ta : Tilia amurensis, Ks : Kalopanax septemlobus, Cc : Cornus
controversa, Rp : Rhododendron poukhanese, Sc : Symplocos chinensis Druce var. leucocarpa, So : Styrax obassia, Fm : Fraxinus
mandshurica, Fr : Fraxinus rhynchophylla
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20

No. of tree:
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Mt. Gariwang

12
10

No. of tree:
o
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DBH(cm)

Fig. 4.2.5. Frequency distribution by DBH of Kalopanax septemlobust trees investigated
in each studied area.
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Table 5.1.1. Effect of storage methods and periods on the split achene pericarp rate(%)

for K. septemlobus.

Periods of storage(Weeks)
Storage method
4 6 8 10 12

Dry storage(room temp.) 0a 0 d 0d 0d 0 d
Dry cold storage(4C) 0a 0 d 0d 0d 0 d
Moist storage(room temp.) 0a 3 ¢ 16 ¢ 28 ¢ 42 ¢
Moist cold storage(4C) 0a 6 ab 48 b 70 b 80 ab
Moist storage(4 C ~25T) 0a 8 a 56 a 76 a 82 a
Cold stratification 0a 5D 49 b 68 b 76 b

* ¢ Different letters indicate significant difference at the 5% level by Duncan's
Multiple Range Test.

. GAs =¥ A7t Wofeo] m A= 3

obA W3l mpel o]l Aexg et 7 GAs; 2 Kineting Al &EF At AgadS
off HolEx U dvke AL oY AEES AR 3 A7 AdeA Bad
b ok B Aol A e GAs s A7 SuF T ot mA = FEFS

A7) Gstel 1077 deAxAd, WENEAY, FLEAAE, WAEAAL

!
H2FAAE 2 =g Aelst F2E GAs 50, 100, 500, 1,000, 2 1,500mg/ ¢ &
o 1AZF ok FAN FASE FAUZ FERE FAR £5F F 25220 F2]

of AGAA dop&S EAFSHAtHTable 5.1.2).

Table 5.1.2. Effect of storage methods and GAj; concentrations on the germination

rate(%) for K. septemlobus.

GA3 concentration(mg/ ¢ )

Storage method
0 50 100 500 1,000 1,500
Dry storage(room temp.) 0c 0d 0c 0d 0 d 0d
Dry cold storage(4C) 0c 0d 0c 0d 0 d 0d
Moist storage(room temp.) 42 b 38 ¢ 40 b 42c 41 ¢ 44¢
Moist cold storage(4C) 64 a 68 b 70 a 75a 78 ab 74D
Moist storage(4 C ~257T) 66a 74a 70a 76a 8 a 7T8a
Cold stratification 62 a 64 b 70 a 68b 76 b 74D

* . Different letters indicate significant difference at the 5% level by Duncan's
Multiple Range Test.
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Fig. 5.1.1. Effect of temperature on the germination for K. septemlobus seeds.
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Fig. 5.1.2. Effect of seed collection time on the germination for K. septemlobus.
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Table 5.2.1. Description of the sampled seedlings of K. pictus (meantSE).

Growth performance Height(cm) diamlzzjra(lmm) t?ﬂZst:aellg;l:rtg)
Good 87.3+3.76 * 19.1+0.37 ° 81.945.98 *
Medium 44.3+2.96 ° 13.4+0.61 ° 32.543.76 °
Poor 17.0+1.15 © 10.1£1.05 © 10.6+1.50 ©

; Different letters within columns indicate significant differences between growth
performance at the 5% level by Duncan's multiple range test.

2 ol YER AT A e, B0 YEF A7}

Adrete] 106CE AAE $352 A

FHCER) ) AR A 3719 & Aste] Mixer Mill (MM-2000,
Retsch Inc)Z 27 S =5 2kt olu] 5&HUA7 Al=dd E95A &
2 Agate® AFE cells AMEstAth EEAEH O AIEE 80T AxAIZ o
&, 01~05g9 ®EAEE AHstd =3tF4AHF) 1Inl, FAHHNO:) 20me, 4t

(HCl) 1m¢E Microwave Sample Preparation System (MDS-2000, CEM Co.)9]

_58_



vessell & v, AR AA Foeol weka vh2/7kgbetel Ealekdh el gt
€& No. 5C &A= o 3ate] polypropyleneC 2 A|Z¥ 100me w2 & 2=
9 oy, BAAMA "gol2FE YA FrIdAa A FAlE T

F7194 FFEAL AEAE FASE daFdA dFdAaE FREED AE
N, , Ca, Mg¥ " &Fda2 F253 9= Mn, Fe, Cu, Zn, Nag ooz 4
%% AT AAE At Fr¥a dHEFEA = Inductively Coupled Plasma
Emission Spectrometer (ICPS-1000IV, Shimadzu Inc.)E A}-&3ith.

AATgHEALS ELAE 05g2 FHole EIAFIAKSOs 7g + Se Tmg)<t
HoSOs 12m0s ¥ AAE3]7](Tecator 2000 Digestion System, Tecator Sweden)
2 400ColA 2AF Falst &, AaAsEA 71(Kjeltee 1035 Analyzer, Tecator

Sweden)& Ab&3he] A& skt

ol

5213 Fig. 5.2
K>Ca>P>Mg wollth N3 K= B850 Ao mep 25 F213H(P<0.05)3 3
Fatol g Blow, Po Cav Fod A Az A4S detdes AAAAT F9
(P<0.05)3 zFelE YERA WA Mgt Aol wE Zol& 23] Holx| grdrt.

100

Dry weight (g)

Good Medium Poor

Fig. 5.2.1. 2t A< A%
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Fig. 5.2.2. Mean concentration of macro nutrients (+SE) in leaves (dry matter) of K.
pictus seedlings according to growth performance.
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Fig. 5.2.3. Mean concentration of micro nutrients (+SE) in leaves (dry matter) of K.
pictus seedlings according to growth performance
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Table 2. Correlation between growth characteristics and mineral nutrients in K. pictus

Correlation coefficients for each

nutrient

Characteristics Macro-nutrients Micro-nutrients
N P K Ca Mg Mn Fe Cu Zn Na
Height 0.872" 08607  0.892"  -0400  0.812" 0.722" -0.182 -0.461 -0.600  -0.919"
D. R. C. 09317 08937  0.922°  -0452  0.749" 0.657" -0.130 -0.524 20.607  -0.954"
Dry weight 09197 0876  0.867  -0471  0.680" 0.680" -0.113 -0.386 -0.613  -0.916"

" ; Significant at the 1% level, *; Significant at the

at root collar

5% level, D. R. C.; Diameter
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Fig. 5.2.3. Relationship between the growth of K. pictus seedlings and the concentrations
of macro nutrients.
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Fig. 5.2.4. Relationship between the growth of K. pictus seedlings and the concentrations
of micro nutrients.
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Photo. 5.3.1.
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o] 5-8%= Fuke] vlste] AASHA W2 Fh& HERUH. 53] PARYIA 9] RSI= ¥
& & 004, =71 F 0032 A9 FH(700-1,100nm) ] B2 0.06, &3 & 0.14
of wskel AASA e s vEEleh Tela Be de] RSIE

o
T
=)
ofd
s
ox
2

W, AEe TRAE wATe] o7 el Auda vsd ke e
W, shgel mE #Fol glo] mE sbguield FAW RSIE Uehdth oA Ad
#ol AEL FhehwA PARGY S We Qo oste] AEHor Fiuw, i
Aol AesA ot Auddel we vl Ex FiEelge Jethdw] 5,
1999)

v, A=
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A2 AP BEAT FA ] wol

1 AEE 4
7h AgEA

20039 74 ATANA 7 BAZ HAW RS 20039 S £ A
of FA @okrhs Aolth ol Mg FUFE ofld} tE HEAENME TEH
o= epizdl o 88l AV 71 okek 9-10 Lol AUAA BT BES
2 A7 AeA e AT B Wolth 20034 1080 Faol S FAE
WA Aokl AFO] SR AWMTAE A, Hobd FEAE BA9 A
Zol o} £48 T RN Gk FAEH T2, QHUS BE AE
o A ARAA AeH wE T4 PY AE BANSIE BTEI 200300
Qe Fule) FA dEEAel TaA TaUt. e olWA T ol FAE
Aol T4 Gob gsmHA G ATt otk wEkA ol S didlshy] fls) T At
TAE THS e 1 9 FrHHor Thed BE FAE FEEH

Table 6.2.1. 3AZA}

A
2244 A Z2}e] AE) 1A E) B 3
R ) ]
034) So] AAR AE F5 ol3l ‘dAa} Hgc}
o) 3k = =
o) % ) : L
0 29744 AA BA(AZ) |oldl g ol s}
== }\]_\:
T1§j_ﬂ%ﬂxwﬁ1%w FE )3} ‘F-2t Hgc}
z
Fa B . ol &} ‘F-3 o]}
3 1= x} ok %
. 3447

A ¥4 AAAE S8R FH0) AxHA YES waBAe Y1 e
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# =) 9grt)) Rl autoclave & 3lo] WiFd Ho| malel =xe] Bl &o] 210 H

% Eatel 1057 4TAA F2E FA%AA Agssin.

o AWEd A2
Ty Fake ZdE A GAs  1,000ppmell 40E7F A A g 84l
(photo. 6.2.1). olwWl= A rt d=gx ot U7 90% GA; 2k ARHA
2 FHlo] ARgshE ofMlE]l s AFAloId s FASALY AHEY 84 & AMES
Atk 5 FAE AXEA GA 4T FR7)A 47 AgE sk (el oAl
A Za A oz Hola 37

o

o

ol

Photo. 6.2.1. A

!

2h A2 5 gF7hA]
1 B 22 TER~ wdAES HololEvl 32 2 Aol & io] zlo] oF

Tmm YRR QA HoIA wobg e SAg Sk ol sHE st 507)

Ag d4F dAew WARYer FEe Adsl FARAT. (Aol we

F w7) glskel 100704 A HRm wEUch Fhel SR SuT fagel

MEsh woldel WA 1Hew U f4%8 ARG 59 59 1900 3
3

wol olqstgon wobgel 14 YL 59 159, 24 S 549 279 sgon]
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Aol 5017 U= TAE St A7 ek Aol 247 RS 3
s 59 17¢ 13 FAZE ddetArh F3 2= Good Feeling Atell Al ¥H= LPRS
controller(model : GFPR-1600C)E AF-83te] red ¢k far-red & Z42F A7 S Aol
HolFA o™ 36umol/s o A7IE FLstrh Al AW k= 20 CTolvh 1
o AP A 69 299 AWME™ HYE Al vr] T8 Al
& 72 17Y A5 ATl 9 e 23o® FAE vk 28 18Y I

2. A1}
7h AlE™ A e te] Ay
<QGA o ART >

DARAL] DB (%A 105, Aam Ade Ae), F5 45)
% dol& 88 % (44/500)
SN HE7A A AL Fan)

HE wolg 90 % (27/300)

3)FA otwlE 2~ AW EA
HE dolg 30 % (9/300)

4)GA A uEH v+ g
HE Wolg 20 % (6/300)

5 QA msA (T, AMEd AHe)
A% dolg 10 % (1/100)

6)GA FAibAE (10% FAkel A 123, AW 1)+ g)
HE dolg 00 % (0/100)

NGA FikAe]l (10% FAikel A 3733 A wEA v A e])
HZE dolg 00 % (0/100)
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8 FA FabA el (10% Akl A 123, AwEd A e)

HE Wolg 00 % (0/100)
NFA AMEY A5 Bl F=

HE Hol& 16.0 % (32/200)
1094 T3 AA (3844 FSha)

HE Wol& 00 % (0/100)
11)9 A4 500ppm A ¥l EH = 2] (A 17})

HE dolg 80 % (8/100)
12)34 AuMEd HgF 2427 (g o]F AUn)

HE dolg 60 % (6/100)
1A FIAA (43 AMEd Ay JAS)

HE wolg 10 % (1/100)

Table 6.2.2. ‘941" g 79 AdA

wolar | wolw [word|
& e | aos
N wo}
5/15) 5/27) | (6/26)
DIur A8t 500 18 26 0 44 8.8%
2)% 21 300 9 18 0 27 9.0%
3)o}Hl E] 2~ 300 2 7 0 9 3.0 %
HAHZH v A 300 2 4 0 6 20 %
5)M &4 100 0 1 0 1 1.0 %
6)32F10%) 100 0 0 0 0 0%
7)8Ar 35 100 0 0 0 0 0%
)i AW 100 0 0 0 0 0%
EYPF= 200 9 22 1 32 16.0%
10)Z 1) A A 100 0 0 0 0 0%
11)500ppm 100 0 8 0 8 8%
12)22 100 0 3 3 6 6%
13)F 1) A A -A v X 100 0 1 0 1 1%
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)T -2 F9AA (543 AL AL 05)
A% Wobs 40 % (4/100)
15)F -2t ofe] R (A AME™ T gla-okelol SR )
HE Pole 32 % (32/100)
16)T -2t AulE = A 2§ ope] Bt
A Lok 27 % (27/100)
INT-2r =3 (Egd &5)
ok A v 2
7)) A APE ge 242 BT AL 15000 7))
Table 6.2.3. ‘T -2t A9 A4
SR T 2 C N It I Sl IS S B
o N MA G/ | AATFG | AT aro} ol
15) /27) 6/26)
D gAY T 1000 | 216 50 | 33 | 839 | 839%
2) gau 300 53 162 219 | 73%
3) obulE] = 300 36 119 162 | 54%
4) AW wAe | 300 6 22 311 %
5) 44 100 16 36 16 | 6 | 68%
6) F1H10%) 100 0 1 0 1%
7) G2k 3% 100 0 0 0 0%
8 =l F% 200 17 200 | 42 | 259 | 863%
9) 1417 30% 300 33 169 | 11 | 213 | 7%
947 100 9 4 0 13 | 13%
11) 500ppm 100 10 62 5 7| 7%
12) obiEl ~-gha | 300 11 45 | 15 | 171 | 57%
13) &4 100 43 43 | 43%
14) %3] 100 2 | 1 1 4 | 4%
15) oFe]- A X 100 30 2 32 | 32%
16) ofe] 100 22 5 27 | 27%
17) =2 v (TS A S Abolol A B )
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HF dols 0% (0/200)

H=x wrol g 0 % (0/200)

DF-% AWART (@S WAA) -GN FE 2F 7
HE Wols 6 % (12/200)

DT 5 HAA, AME- B A 2T
HF Polg 4 % (4/100)

w2 ATt A

<R(red light) =& +>

S A
L SA4- R Ag-Audd v A2 -3 4 A

ST 670(30070) ¢ elE FAS 17 wol&r 0.33%
2. 544 R Ag-AwEH v A -F3] v AA

sHE 671(30070) ¢ delEl FAG 670 Wol&: 2.0%
3547 R Ag-AuLEd Ae-F3 v AA

B8 670(30070) ¢ ZobEl FAS: 5670 Wold: 18.6%

07(50070) = wop®l FAbs 67 Tobd: 1.2%

CEAFT R A-ANEY AE-F9 A

sk 1070(50070) ¢ drobwl FARSE 07) Eeb&: 0.0%
6. %45 R A AL A2 -F3 wAA

sk 1070(5007))  : rob®l FAFE 387 ol 7.6%

4. =45 R Ag-AuEd vA g -F I A7
1
5
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7. 54% R AY-AMEH AHY-F37 vAA
sk 1070(50071) ¢ wrol®l FAbg 897)  Hol&: 17.8%
<FR(far-red light) *]>
S92 AT
1. %44 FR Ag-AwEad v A2 -5 4 A
sHE 670(30070) ¢ el FAg 07 Hol&: 0.0%
2. =4 FR A -Audd vA g -F3 v A
sk 671(30070) ¢ wold FAS 167 Holg: 5.3%
3. %47 FR Ael-Awdd He-F7 v)AA
shiE 671(30070) ¢ ol FAG 3171 wolg: 10.3%
=45 AT

4. =45 FR Ag-AHW#E™ vA 2 -F3 A7

Wi

B2 1078(50070) @ Holxl EFX4 370 Fol&: 0.6%
5 %A% FR Ag-AwEd Hg-F947
3 670(3007H) ¢ Eol® FxHE 1) ol s 0.3%

6. %A% FR He-AwEd v A g-F7 vAA
B8 670(30070) ¢ ZobEl FAFS 2978 Wold: 9.6%
7. =A% FR Ag-AwMEd He-F9 vAA
sHE 1071(50071) @ ol FA 14171 Hol&: 282%

control(dark)

L 9 AAFHHEA AHa)

sk 670(30070) ¢ ol®l FAbE 07 EobEr 0.0%

2. &9 AAATFH LA A

skt 107H(5007]) @ wop¥l FA 10170 Hob&: 20.2%
353 B AATFA LA v)He])

sk 670(30070) ¢ Wol® FAS 157 ol 5.0%

of\

i
N
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Table 6.2.4. =8 3 AHe|7+<] Ad A3 v

1ol&(%) FAR-RED
. RED LIGHT DARK
A2 LIGHT
SAAAZ A HEA v ) 2.0 5.3
SAAAZ A MEA A 186 10.3
wEAA (X Ed v xe) 76 9.6
FFAH A MED Ag) 17.8 28.2
Hl A 2 (A w2 v A 2]) 5.0
v A g (e EE 2 e) 20.2

SE AETE E9E AARA e A,

[e}
Wolgo] FFokA oA v Holth Il A= UlFE FHol Wl HAo|7t Bk

Cmebd ol AT A W FAY 40 Am o FAEA 24 BAA F
B BAR fO4E 2S & dE S g2TE wEe ] YEUD FA F
Aol A AR wobgo]l EA @A oA WA Ed Faae AE ool
WA FA7 £4 e Aden @k AT F3A Fae) wopge JEe o
Fol wla A FARNAE e
SUFE Fae] 4A RRo] A welE oAlsh: Zdo] dlrkn oA
ootk webA shgel AAsk E3le] AAE Bel olel@ #A
st shoeh EAe dane 49 e T VA= I

Folgln, FAAe T A% Fol Arka ojAiAE ot AABAL ARG 9

_87_



7}

=
o

kls

]

[e)

[e)

.

Z3he) Ao &

=

R

olfoltt. 27 A ulE™ 1000ppm
oA T}

s7lolE e FEo|RE o

S

ol A oA A
<AWE™ A2>

ol A ARE

o]
He

1
o]

Y
el

Aol Alg A

ol

wmo

Bo

—_

0
G
HOo

—_—

X
A}

& F7Fl A
A2l Al

R

2 yEhgton dukA o2 1000ppm

o

al

A

L
AT

o2

H

I

[e]

g
a

18 500ppme]t} 300ppm FE=

o}5

z:ll—o

oy

T o)
- 1

Ho

7] =2 "ol XA

T Rk = i R =

ato] Wl (4-5C) 2-32

S

7]

-

QA ol
W ALS

A7}

)
&

g dojolM iz

K

oA o7l wWel <

=]
RN

b o]l

H
gul

FA7E obd

o
T

155}

Al

w3k 3k

wosh ojubx

R

.

A2

1

°
il

[e)

=

Mo
o

N

_88_



mizo}
7Aﬂmezo
JJ ~— 0
EMMQW uigd
X M 2 :
uﬂﬂ? ueﬂmﬁ =
%ﬂ_ﬂufv M/MJB_/E ﬂmﬂ}
0 T ey R ﬁA g}
o N T on Mo 0 ) n B i
1_.1F,J|l1r ~~ ﬂ.mwlia
xaxxé Eﬂﬂ %ﬂ} <
mozogaﬂn _duuxlqor @o .Wﬂ]
T T e S 4 ¥ 0 » = =z = B
— * —_— |
%ﬂE%QMM% oz Ein 5o %
ééw Qb_z%zz @rsw Mﬂm L )
wAMtwglw $E ﬂﬂﬂﬁ MQGM%%
5 =5 £z Tz ” ¥ 3 ® T s LITEE ® o
ﬂ%wqﬂﬂﬂ% e Ere BRI s 2
— — ]7 0 — -~ ~ )
ﬂ@uawoﬂﬂﬁﬁ ww%urmo BH%ﬂimE ﬂﬁﬁoimg %M
R ul ) E_ - o] ,IO
ﬂurimuwmmaﬂ ﬂ?s; iiwﬁur uﬁofﬂﬂMﬁM S
?Uer o.ﬁoﬂ 1§£ m_imﬂw Eﬁoﬂ ﬁ.d..ﬁ.m
m.wiﬂldoq mﬂoL&rEy X o o xoﬂage} L
Mﬁ%éﬂ%%@%?%% w,ammﬁ. Mﬂutﬁombmmgam
® nn1o@| T o : .xﬂ_ﬁ N
B R s = G cTE 5 E T = T G S Cl
X : Mo ) 5 o T bow & o = 5 L T
W o = ) e = 7 o oF ST X @ o T o BR ol 5
o#g] ﬂjlﬂegmaio% T E%.ﬂ_% Eﬂd]ﬂﬁ@
qeoél_z)ﬂ omno ) MLM ﬂ}VﬂgoﬂAxﬁﬂa
ZﬁOr.J.AWéH ~ m oW . 0 ‘le,# - < ~
=) N K ~o <A ) ) o) Gl o ) AY W — o ~ N i~ < e
1ﬂ. (08 s %#fd 4&1 ﬂ_:o g
g b ox o+ T oM % > ~ 2 2 < m o S noo - T2 o
?%ﬂ%ﬂﬂﬂﬂ%%@ﬂ 5 mw,umrhﬁbﬁo\ﬂwwz
s ® b 4 Lo PR T m o T w I y o5 <) o B oo 52
R EWouUr@-uotﬁouL]E oTJErOxoourLqu'L»oW
TE - =z i gy -7 e S owox & E s T~ oL
= b ﬂ}ufz ﬂrx m«@ﬂoﬂAﬂUrou%x}ﬂ%
) o e & o o o X R — M N A &
i . Z o 7T G T e T X i i
ﬂog%ﬁ 31_,% ﬂMumEogoLOTa.}lﬁA*o?]
—_— LIO JI_,A —_ HT __OO
m 74$ " %owrzgmmﬂ ol ho
( ,0|Wrﬁ‘_ >LELJUP;LE.A|J.L \/ﬂ]ﬂltw@
ﬂxrﬂck ‘mvliou,mlox_u 7A1rdriz1m1Ler
m? " E 9 7l\ueo,uﬂma
— X o ﬂbf‘ﬂlw?_ JI
< M- = ]Ee
o = oiwwﬂMOM _EAATW‘Eﬂﬂ%LC
Vv RS ;1% M = XA o} =< <] 3 3
,Llﬁpé._ el‘.ﬂﬂaqﬂull o
;okl. 1) MﬂﬁTE
x_E anb)wdga]ﬂ_m,o
. ol i 5
- _
mmngmfmA:
5 0 ® L o
ﬂM ol
© "
ey

e
EORSR

- 89 -

[¢)

(%

jeyo
[e]
2



ool EA skt (photo. 6.2.2).
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NEEH

A3 = Asto] B A H wg
1 s 2y
7t AR

$ABAE oldaxEy, 2FUR, SUFY 3FFo=, FHAIFLAA
AFERt. EFUTFG JURE AFE F857] 19 Ho) HLPo|Eg} JERA
E1:1 W2 FE FREEFAH 20cm)ol o)A % 1-18.50t}, oHaE &=
15cmé] A48 ZAF dE £33 $YF spd] FEE A2 BES YA
22 A3 tH(photo. 6.3.1).

FAFEES £3F7 HFs7) Aol F=(PPFD)7F 920umol m™ s'3 80pmol m
s'2 2AY &BM(EIS5 Conviron) 2tiol 2tz 5AMY &48 g HFig. 6.3.1).
PPFD 920umol m™? s'¢o] ¥= =A& 7% AP, PPFD 80umol m? s'e o4
AFT2 Aostgt. SA471F 9FL 14AR, FALEE 2T, oFke 18T,
FSEE RH 90%0l0, APARst Az9 HEse Ux LS B4 AR
Wi-o] 25 W3] YAt RN 3IMLT 4T B 54U A7)
o ANY WAES 254, FFAH, 922 FF A TAEYY FAARE

3L e T R EFo A% JFPo) YES 3% Ao B 3 FFin
2 800-10:00 A& P33t
~10
E |
—.‘W
L 8&
= L
E ) .. Figure 6.3.1. Spectral photon flux
T PPFD:920umol m”s'|  gensity of the growth chamber
'é I (E15, Conviron) was used in this
] study. The density was measured
;:7 i by a Spectro-radiometer (Li-1800,
£ s Li Cor) at 30 cm height.
e
t 2F
E |
% o A S BRED : S0umol mi”
400 500 600 700

Wavelength ( nm )
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Photo. 6.3.1. 943} ZBzoA AT FAFFE. HZSAARE oHaExEZd, =

AR, ghE

of, e MANA FAg A7 AN Bk
FHAAA(Li-3100-C, Li Conz SA4T v+, 4 Eikes THe=z ddio] 39
A lem? #ES AHSAT. AHe AAe] MA2 DMSO (dimethyl sulfoxide)
ALg3le] FEF AT (A A7) 5, 1999b; Hiscox and Israelstam, 1979). F+&3F &
9] EFAEE UV/VIS spectrophotometer (Unicon 933/942, Kotron)E =743}
Arnon(1949)¢] 9ol whebd #iifi(g m )Y B=4 a b, atb FFY =2 a/b

& dEs.

%&#
o
=)
X
o
:>|J—_",
B
ol
ol
38

ok 9 e ZAt

e BFEAHS AV 51999 Fdg WHSE  spectro-radiometer
(Li-1800, Li Cor)®} fizyEk(external integrating sphere; 1800-12S, Li Cor)E quartz
fiber optic probe(1800-10, Li Cor)® dZA3e], o] wkAlZ(reflectance), F 33
(transmittance) s IgHE At ¥ALEYR FHES o] &dtd  FFE

(absorptance) & A=A THEFE&= 100-WHAIE-F38). =4 3492 390-780nm

M
o

E
=

ox,

S
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Fe 9@ EARN COsER3td wE FFA U3 (light response curve, A-Ci
curve)s FAFet7] flate], Folg Fd SA71(Li-6400, Li Cor)E AH&StiH =
A Qo] xAbE = Ho] FE e} leaf chamberd %= 3719 COrsEE do
ZA3}7] 9lste] #F3FAZ=A 719 LED light source(6400-02, Li Cor)2} CO: injector
system(6400-01, Li Cor)& -2 3lo] AR&-3FS th(photo. 6.3.2). S A 7ke] Wgtol| w

2 A= =07l st Meista A7 7IAE 7 BAstal = 4t

it

FAASAHIE FAA AFEEAY o5 FFAASAH 7= AHE Aol sodalime / 500u
mol CO» mol €] E57F29} CaS0, / =4dEA 7 (Li-610, Li Corn® A oAl 7t~&
272 (IRGA)2] Zeor / SPAN calibrations <=3 &} t}.

ol

FedsE



719 35 500umol s (¢F 670m min ), €EE 25.0£02C, COX5 =S 400+2u
mol mol 'Z7e A ZA&sich F== PPFD 0, 50, 100, 200, 300, 500, 750, 1000,
1500, 2000umol m* s '9] 105Fo2 =daArh ERHN COF=Msld g 33
Auts =4 3 PFD 1000pumol m s ol A 4854l 2™ leaf chambero] &

L Frwste] ik FFAANE S T3 ol
FTHEE F719 COEEE 0, 100, 200, 300, 400, 600, 1000umol

Tor AR UM FAAES FATFeRAM EANILS COxs=

Leaf chamber®l

CO> mol 9] 7

32

2 W3l AT ERRTTY COs XY Farquhar and Sharkey(1982)¢] 21& # &3}
o 2FE3FAATh

Fredo] FFAPAEEE At HA7]eF o] 2F(2001ab,c)7F AA G WO R
F-GgATHE FAdsta, o] FAAA HliE FUK (apparent quantum yield), ¢4%
E Er %E*&@, BE3hA, %%“\é%%‘(photosynthetic capacity) S At=shth. il

m” s Gl F} %L%“égl AXEAN y = a + bx2 71&7] bo]thEvan and
Thomas, 2000; Fernando %, 1997; Martin 5, 1997; Ro %, 2001). ffi& k=& oF
B oA FFAEeEY AR Ha By AE sty AR MEAT = B3t
Al (photosystem)?] &4 S YeldtH(Evans, 1987; Wilmott and Moore, 1973). 2
3 xBALeomp = —a / b BRI (Leomp) &%, 2413]7] 9 Oﬂﬂ”ﬂr 5ol
2 BEYEE] F7h7F W kel UEbtE PPED 1000umol m* s o] 4ol A]
o FH (AWt A& ttueE HA L = (Aw - @) / b & AAE36H0], 1 &
BESA (L) &2 31T B 5HS FxsiduT 52 FEdA FFEEE

& Hitste] I gtem &tk

2

2

FFAA=S4719 leaf chamberdl FFHE COsxEE TEA dto] 43 F3
AEEe] Aigs AMEste] ERAN COrs=(CDS FRE A #AE YEdlE

A-Ci curved 2Adstal, o] Ao A &A1 & & (carboxylation efficiency), COzk.

A, BEEEE, AU BFEAEEE AESdt A E s Gol uE A

o] 277 AMA oz o]Fo| = (¢ 150umol CO» mol ‘o]t A o] 3] AAMA y = ¢

+ bx® 71&7] bolth o] g2 B} COlilERe &5 vbdsta ATHGE,

1997, WBF, 1999; Farquhar &, 1980). o] s|AAANA yEHER q, & Ci2l Fte] Ou
o

mol CO; mol 'due] CO,ueETE FaFET R 3YTh o S FaFTEro
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o) gew BFesldE Be EAde Jou, Awndon #E
A AREE A oA R 9F o] 2 2001; I, 1978; Ro &, 2001). 18]3L CO.
|

=i
IHQ] X xérili?. Ccomp = —Qa / b= &%6}9}]’4'

o
Ip
H
lo
N
FH
ox

T

Table 6.3.1. Leaf area and chlorophyll content of P. euramericana, K. pictus and Q.
serrata grown under high light intensity (PPFD 920umol m™ s™) or low light intensity
(PPFD 80umol m” s'l). Values are mean + standard deviation (n=10).

Tree . Growin‘g. Leaf arca Chlorophyll content ( g m™ ) Chlorophyll
species light congltlf)ln (cm?) 0/ b
(Hmol m™ s7) a b a+b
P ] 920 32.8( 4.7) 2.58(0.39)  0.56(0.10) 3.15(0.48) 4.62(0.22)
euramericana
80 13.5( 0.6) 1.69(0.10)  0.40(0.10) 2.09(0.12) 4.31(0.24)
K. pictus 920 101.9(16.1) 1.00(0.16)  0.24(0.03) 1.24(0.19) 4.23(0.40)
80 187.3(33.9) 1.40(0.18)  0.39(0.05) 1.78(0.22) 3.61(0.16)
Q. serrata 920 9.6( 1.5) 2.37(0.38)  0.81(0.17) 3.18(0.55) 2.99(0.24)
80 22.9( 2.9) 3.78(0.30)  1.35(0.08) 5.13(0.35) 2.80(0.18)
ANOVA Tree species (A) ol HoAk HkE HoAk HkH
Light conditions (B) Hkk o Hkk ok ok
A X B *kk ok *okk ok ns.

*%P<0.001, **P<0.01, *P<0.05, n.s. not significant

AY ARTF dEAe SUF > oduEEY > 3R Mo HWo
o, ok ARTAAE SR > ERUER > odeEele] wor teht, 3

_96_



ol o

°

T-9] 183.8%, 2385% = B %A

ghol oletel qwAol FolAT. elv}
3]

o

Al B

o

FE A
I

o

T 412%= A5

3

koS

e n

hvA
s

Fol, gmzjo] o 2u] 71 welArh.

7F ol E e

EERIRE

=

T+

o

T T T OB N —

) — ) . ) X
AR ED TR T HT o %%ﬂaﬂyﬂA
DT%W;%DTOE_%%H%@@ TE Xy lalw
TE TS TR F TR o E s L ExefIR
"R oop T oo Ey T o B o & LR X w

iy =5 o L o oy o o oK < ) 1
M o WA off 5 T ) < 5 XH _
>%gﬁﬂzﬂ@iwm 5 P e I

i 8 ToR . o - - !

X iy -+~ T * i in_m op T T o 11_._ﬂ| ~ \;o|u Loow 2 oy i
= oy gy R N B op o 3 =
ook T oo M R o 8 ¥ T x o < G < o
o K P T SR B TR I
= oy Mo w3 = o 5 wro [T = o =
T - e Mm Wy 4o S AR 3 W N BT ooy O
T T om o Y IR NN o TR
o Xy e ool BT e WA Nc T 111| T o)
ol mo = o B IO v ol 5 P g = o B %ﬁ o
Ho p% R I mw Wk WA <Ly rE B
Boo mﬂwﬂﬂoa.g%%%ur =
T T h g o g MR TE P R S
ﬁu.%gﬁzmﬂ?bmﬁ_c\&oy% mam%wxﬂ%%ﬂm
1 i Moo o g " T ol o 2 p T T oE W oF
e TRy R4 TR . T f 2 M= S

F o e 5 o= ook = 2w ° o T B o~
me METR L EeTIRE D 2 EEk Tk P
o oL N o o T T o Wﬁ = T T X
B oWy o 20 R S anﬁ%mﬂ%%ﬂﬂmﬂ
@uzmrmoq AR L S Eo%gﬂw)lgswur%ﬁ
sZ .o PR T RER T b ow T EZE T TR g
%Wamiab,.ﬁﬂ%%mﬁ%mﬂ ﬂ%?ﬁMﬂﬂ%a?&
o )A,.# »A,.# 23 R ,UI ﬂ.o \m_wo N o L,r 4 w " 1Xr_| ;Ilk| OE n_U En_ 1 1__/| k-1
Y Wy T8 R Aoy o= = O 3 2 0 2 Al s =
i = W& & = TN - o g 23 ®ogk o o
Bool T o o W W oy g B S S op o T T i
TEN LT of gy - BB W v D S Ex e g BT
wo@mwnTm%mgﬁo%%Azi@ %@mm%,%Wﬁ%ﬂ
o O#U ‘ul ‘.A‘.* ]1_A| 7% ,mﬂ dl M,.# ‘.‘_lr.,..,mo Enﬁ E.fl o- \Nﬂ ,MVA (mlb.\ (aw \Nﬂ ﬂhm \m_ﬂ _ dluﬂ W m
o Bow o oo oy B TR m e g TR 2
T T v S v 4 = 4 T mo% ©
‘MK EE o} OC ‘.:1_ Oru Lf —_ ,ul 1.._A| \ul = 1__/l T
~ = e di op T OE X m

_97_



7oA AR AR FF AGFel vt 22 £3&E vedt a9y &
UFe EFURE ot X HIREA 43 AT/t 23 APTED e
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Figure 6.3.2. Foliar spectral properties of P. euramericana, K. pictus and Q. serrata
grown under two different light intensities. Bold and dotted lines indicate foliar spectral
properties under PPFD 920umol m? s and PPFD 80pmol m? s, respectively.
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Table 6.3.2. Spectral absorption of P. euramericana, K. pictus and Q. serrata grown

under high light intensity (PPFD 920umol m™ s™) or low light intensity (PPFD 80umol

m” s'l). Values are mean + standard deviation (n=5).

Tre.e liglg rz(::(riliion Violet Blue Blue-green Green
species (umol 2 s'l) (400-430nm) (430-470nm) (470-500nm) (500-580nm)
P. euramericana 920 93.1 (0.7) 91.6 (0.6) 909 (0.6) 77.1 (1.6)
80 92.5 (0.3) 923 (0.2) 914 (04) 753 (3.5
K. pictus 920 93.6 (0.9) 909 (0.3) 88.7 (0.5) 61.6 (2.4)
80 92.3 (0.3) 92.1 (0.2) 90.6 (0.3) 69.8 (2.0)
0. serrata 920 95.2 (0.5) 93.8 (0.4) 93.0 (0.2) 76.5 (0.8)
80 949 (0.0) 945 (0.1) 939 (0.1) 81.7 (0.2)
MANOVA Tree species (A) oAk ok kol kol
Light conditions (B) * ok oAk Hox
A x B n.s. n.s. n.s. *
Tree i h(t} r:(‘:]nizigtion Yellow Orange Red PAR
species (:I;rnol m s'l) (580-600nm) (600-650nm) (650-700nm) (400-700nm)
P. euramericana 920 80.4 (1.4) 85.0 (1.0) 88.3 (0.6) 854 (1.0)
80 79.8 (3.0) 84.7 (2.1) 88.1 (1.3) 84.9 (1.8)
K. pictus 920 63.7 (3.3) 71.7 (2.8) 80.0 (1.6) 76.3 (1.5)
80 74.4 (1.8) 809 (1.3) 86.6 (0.6) 82.1 (1.0)
Q. serrata 920 79.6 (1.0) 85.1 (0.7) 89.0 (0.2) 86.0 (0.3)
80 85.8 (0.2) 89.4 (0.1) 915 (0.1) 89.1 (0.1)
MANOVA Tree species (A) oAk ok ok Hk
Light conditions (B) ok Hoxk HoxE ok
A x B * sk sskok 3k

**%P<0.001, **P<0.01, *P<0.05, n.s. not significant

19| WRARE(400-700nm)2 37F R o A7 A A
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| P. euramericana

2 -1
s )

Net photosynthetic rate ( pmolCO, m

PPFD( upmolm s

Fig. 6.3.3. Light response curves to photosynthesis of P. euramericana, K. pictus
and Q. serrata seedlings grown under two different light intensities. Bold and dotted
lines indicate light respouse curves to photosynthesis of seedlings grown under
PPFD 920pmol m? s' and PPFD 80umol m™ s”, respectively. Measurements were
made at 25C chamber temperature, 36 Pa CO, partial pressure and 65-70% RH.
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Table 6.3.3. Light compensation and saturation points, dark respiration, photosynthetic
capacity and apparent quantum yield calculated from the light response curves to
photosynthesis in Figure 3. Values are mean + standard deviation (n=5).

. . Apparent

GLC 2 comLcla%Islztition Light saturation resDi?arllt(ion hl(\)/iz)smrllltlilrgsis quantum

Tree species (Hmol m’ per point P p Y yield

S-l) pomt2 I (umol m? s ) rate rate . (mmol

(Umol m™ s7) (imol m” ™) (umol m™ s™) mol ™)

P.

euramericana 920 324 (1.8) 639.4 ( 6.6) 2.60 (0.19)  27.23 (0.82) 67.6 (0.5)
80 10.8 (2.7) 387.4 (16.4) 0.77 (0.20) 12.33 (0.33) 443 (2.5)
K. pictus 920 18.5 (1.1) 282.6 (13.1) 0.88 (0.21) 5.67 (0.37) 41.1 (3.6)
80 5.9 (1.0) 149.9 ( 3.5) 0.53 (0.05) 4.82 (0.24) 41.6 (1.2)
Q. serrata 920 15.6 (1.9) 453.7 (51.2) 0.76 (0.15) 11.18 (1.83) 35.0 (3.4)
80 3.7 (0.2) 282.2 (52.8) 0.27 (0.05) 6.60 (0.36) 29.0 (7.2)

MANOVA Tree species (A)

skkok

Light condition(B) ***

A x B

sk

Hokok

koksk

sk

sdkkok

skkok

sk

ko

ko

etk

ko

skok

sekok

**%P<0.001, **P<0.01,

*P<0.05, n.s. not significant

, AT, e U

m’ s'd W COnAEES GEF, FFAFTHl e F FF vl xe
e dEblt a2l FelyuAE sty A R MeA 7= BsteAe] 24 o

= oy AW 4 AFTel Hstel Buais)

P45, M TUcRe]l RF Wt A% BE Astel o9 Bugy, B, &
%, FTHFUY Aste ST SFUTANE teho, St ST
ool EE wstel GEFH BFYEH Asth vaA G AFEL e
Ak aEn gutel iR PlcRe B F sEvs gl ok AdTh % A
Grol Mste] e e vhERl, A% BE At olshe] bR Mk UK F
gEe o 5 gt

2 AR Cosswel ta BeA 24

Leaf chamber®l
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Farquhar and Sharkey(1982)¢] A& Z&3slo] A&E3 AN COrsEE AHE8Y
A-Ci curve® #AJsIYtHFig. 6.34). 281 o A-Ci curveE EWZ CORAA
BEEEE, dd FHAHASE, 2L ELE NS Y HTable 4).

30

P. euramericana (o]

Net photosynthetic rate ( pmolCO, m> s'l)

Illllrllllliirl

0 200 400 600 800 1000
-1
)

Intercellular CO  ; concentration ( pmol mol

Figure 6.3.4. A-Ci curves of P. euramericana, K. pictus and Q. serrata grown under two
different light intensities. Bold and dotted lines indicate A-Ci curves of seedlings grown
under PPFD 920umol m? s and PPFD 80pmol m™ s, respectively. Measurements were
made at 25°C chamber temperature, 1000pmol m™ s quanta and 65-70% RH.
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Table 6.3.4. CO, compensation points, carboxylation efficiency, photo-respiration and
maximum net photosynthesis calculated from the A-Ci curves in Figure 4. Values are
mean =+ standard deviation (n=5).

. . CO, L Maximum Carboxylation
Tree Growm'g' light compensation Photo respiration photosynthesis efficiency
species condlt{zon-l point rate 2 1 rate (mmolCO;
(Hmol m™ s™) (Mol CO> mol™) (HmolCO; m™ s7) (EmolCO, m” ) mol™)
P. euramericana 920 42.3 (0.8) 4.82 (0.18) 25.68 (1.14) 113.8 (2.6)
80 433 (3.4) 2.06 (0.16) 12.28 (1.00) 47.7 (1.3)
K. pictus 920 54.4 (3.0) 1.89 (0.16) 9.51 (1.10) 349 (3.6)
80 49.8 (3.3) 1.39 (0.08) 9.69 (1.01) 282 (3.5)
Q. serrata 920 55.7 (4.9) 2.98 (0.30) 9.52 (0.53) 53.5 2.4)
80 53.5 (3.1) 2.04 (0.30) 9.48 (1.06) 37.9 (4.1)
MANOVA Tree species (A) ok ok ok ok
Light Conditions(B) n.s. HA* HA* HA*
A X B ns. oo *kx *xk

*¥*%P<0.001, **P<0.01, *P<0.05, n.s. not significant

% PPFD 1000umol m” s'olAe] #sFEwE ojefgxZe] > T >

Suhre] 2o weom, A@Tol wekdE oy b7 g

FEFEEE YR AS FE Aslol] oot FEFol Haddes & F UA
LR =

=
Fol Has FEUz Anug, ohewze

A-Ci curveold o} FFEEES Ay, Sueh 3ol FARE @)

oz ol EEH e Hstel WASA e ghe ek e e 3
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=

AART =2 e Uehl7] AFste] 22 FRd A A& 1ela 7
%43l (photoinhibition) & ¥H7] & & FEF A= FRo|&E289 A8/t e
wuth 53 Z3uiE 3 %7 PPFD 100-300 pmol photon m? s 'S dolHA
Bolg F&ol FA3H Aststel PPED 2000 pmol photon m > s ol A& 714 e

of FRo]EEERT e ghe YElth

2ol A

ool ATz ATGKEDT po] e BEZANN SURE guets A9 E
G o] REAAW A FA % taud o] 57 2e sz2d A Lol
Aolg wrop Aol Askd 7HsAol A A

=
o}(Boardman, 1977), ©t2 FExoA%E &40 FAAAE FI4T & JESH 3
B4 - Agd 5ol wWsly 9l tH(Bjorkman, 1981; Chazdon and Kaufmann,
1993). ol2gk 2 ZFFzzolA G =] ool WA kst g F4 -
o8& =5 Emige]l Wi, 954%#Ho] =vH(Adams 5, 1990; Evans,
1994). &3] #F3}gAll(photosystem I1)e] w5 whulz Fo] ol LNEHHES
i LHC II (light harvesting chl-protein complex II)¢] 3t} A #Alo] =& =2
2bpe] T =on ol sl PEAg/b7F YrH(Evans, 1989; Terashima and
Hikosaka, 1995). #RIRe A A&sl= A 454205 7 AFails 5, 1982)
FEE A fEgel o)g F4Eo] W 500-650nme] ¥ F4ES oy o=
defx drk 2P FF wEkA s B FAA A AbEsk e flE ekl A
st 7| % sh=dl, o] i RS FoUAE st qA 2 WA 7]
SAS wrddtal g AL &Z(Evans, 1987; Wilmott and Moore, 1973), %2 # %9
gk Ageo] =2 AES MM AstE HolAY A etH(Wilmott and Moore,
1973). ol¥ 3 5AS EdE dtof & A9 AAdE A5 FreAstel] dgk e (=
2 AbEete] A¥ R A rh(Table 6.3.5).

Frm LA ojHYEEY e W FExA AuA g JdELTF] i

3 Z
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Table 6.3.2), fifif = (Fig. 6.3.3, Table 6.3.3)¢] #3}7} & F F=d] w5l &
ASHA YERATE ol gt o]EjlEEE o RESS e FExAMA AET S %

2 ¥lo] F4 .0 8HSL Holk WS Aury Aol

Table 6.3.5. Ratios of morphological and physiological parameters measured in low light

intensity to those in high light intensity.

P. euramericana K. pictus 0. serrata
Leaf area 41.2 183.8 238.5
Chlorophyll a+b 66.3 166.9 161.3
alb 93.3 85.3 93.6
Light absorptance (400-700nm) 99.4 107.6 103.6
Photosynthetic characteristics
Light response curve
Light compensation point 333 31.9 23.7
Light saturation point 60.6 53.0 62.2
Dark respiration rate 29.6 60.2 355
Photosynthetic capacity 453 85.0 59.0
Apparent quantum yield 65.6 101.2 82.9
A-Ci curve
CO; compensation point 102.4 91.5 96.1
Photo respiration rate 42.7 73.5 68.5
Max. photosynthesis rate 47.8 101.9 99.6
Carboxylation efficiency 41.9 80.8 70.8

(Inada, 1980), & -2 F<5ol o3 Fo&o] L2k
A

2
Smith, 1975) &9 Sl 500-650nm FF&°l A Feots &S HEHHT
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A48 FE 7k e A2 A st

7} A=
A% Fde] FuF AuigAe AAE 1-1, 1-4, 1-7, 1-10& 4 3 (forest
fllor)¥} =A](nursery)ol 4] 3-884 XA Asle] HAHEO 2 3t SHEL HEF
gk g7k nad A2 sRAelH, A AR A FlA A AEE e
U= iAot 85 SAHAET FREAEH 2 o3 T JrE FAH dd
o

2
of FEF BT HAh ZAGY BB PP Qu el AAtE 5G]

O H O hl
FBrwsle] et FIAAANS T ERNCOHE Wl e FgAPues 57
2E# 20 Qg3 A W= oA 7:00~10: 00AFold =AYt AL LED

light source(6400-02, Li Cor)¢t CO: injector system(6400-01, Li Cor)S H 23 #F
-8 B3I FA471(Li-6400, Li ConsE A&ttt 421 A7 5(2001) 3%
sy, TERHNCONEE-S Farquhar and Sharkey (1982)¢] 21S& #-g3lo] &3}
vt 183 FE(PPFD) 100umol m” s 'ol M o] HERHNCOHE Watel w3t 33

2 o

dure-S Fate], Hol & weo dTFEHEE YEE day respiration rates
A& 39 tHBrooks and Farquhar, 1985; Villar 5, 1995). o|& SAHAE A& %
q

F3HAd F A (light response curve) 2 FERNCO B  F3FAH TXA-Ci curve)?
d

I oofol ik A A9 o] &F(2001a, b, ¢), Ro 5(2001)¢] WHE Ed

2. A% 2 u
7}, 33hskA o] wkg

ol A (forest floor)¥ A (nursery)oll A A3 = MAS ez F= 3

2 243 FIAAEEE A8 F-FFAATAES FAsa(fig. 64.1), o] E AR
A FRgH FEEH, dEEEE BT, FAFES PAV9} o] &F(2001a)
7F A A e Wi wpelA] A&l th(table. 6.4.1).
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fig. 6.4.1. 97} w=A ol A £ 1-1, 14, 1-7, 1-10 SF9] F-FFA 34
table 6.4.1. F-33dF N4 AEer FRAH FxsHd, 33 E, AT &
comLé%lslzltion satIflir%l}'cliton Dark Photosynthetic =~ Apparent
Plot II; oint point resniratiog rate capacity  quantum yic_:lld
(umol > s'l) (umol > S-l) (umol m™ s7) (Umol m™ s7) (mmol mol ™)
1- 1 44(£1.1)  324.4(£24.8)  0.39(x0.02) 7.16(x0.13)  44.34(x1.72)
Forest 1- 4 6.9(+2.5)  340.6(+23.7)  0.47(+0.14) 9.55(=0.82)  50.17(+1.85)
Floor 1- 7 11.0#1.4)  350.6(= 1.1)  0.64(+0.08) 9.24(=0.32)  46.93(+0.25)
1-10 5.7(0.1)  380.2(+48.9)  0.43(£0.04) 9.52(+0.28)  45.60(£3.63)
I- 1 164(£2.4)  5253(%12.3) 0.95(£0.13)  14.34(%0.86) 53.55(£3.13)
N 1- 4 21.2(#4.3)  665.2(£66.8)  1.14(x0.16)  18.81(+2.44) 54.60(£3.50)
urse
v 1- 7 16.8(£2.5)  638.2(+23.0) 0.91(£0.14)  22.85(+2.41) 54.43(£3.43)
1-10  17.4(£2.1)  611.0(+44.8)  1.05(£0.12)  21.73(%2.04) 58.35(x1.94)
=AY AR s AT Ae FESFEGY =2 FolA e FFA

=
Aol o, el A

JEh D A el wAglel fAE 2

S 7}ato]
A3 AMAE 23w 4

& el
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nEZ=gole] 35S Uz 9= 43S (PPFD 0 pumol photon m > s '
o] COm &) Aol A Bk WA 7F Qldol A Bk Aol vlate] &
s vetdlt ey P wE 2 Aol gl ol A A &
Ae Bhgst e sFATFEAAE LA verwgth el el A A
Fabd et FRrAgFo]l wA oA AR A el HlEte] vre FE=g ol ¢
Askar AT o] AL Al AT AWATE A A A Al WSt &

Behdel kgl &ok= RENIERS E4E AbstZ] QA FoiE FEA
=74719] leaf Chamberoﬂ FAEHE F719 COsEs 2dsdA #GPPFD 1000u
mol photon m > s )@ 55X(PPFD 100umol photon m > s DellA] A8 B &w
& EUE st A-CGi curves FHASATHAS: fig. 642, =4 fig. 64.3). A-Ci
curvedll A CORAH, #3845 %, AUPAAAESE, dALATHETES AEFA Y

% table 6.4.2, =7 table 6.4.3).

T T T T T T T T T T T T T T T T T
2 -1

305 PPFD 100  pmol m 2 s ® 1.1 EE PPFD 1000  pmol m 7 s E
- O 14 0 -
- — @ 1-7 e —
"w — @® 1-10 T -
Q 25— —_1 —
g = o I
s E =+ =
= 20 -+ -
=} — — —
g - i -
=1 — — —
= — 0 [SIX) -
g b 0T ° -
o - I o e > -]
3 wf = O - s
g — g 0 oG.O -
= - 8‘ o« 0= Cs. -
g sE 8 © 0 -
S - i -
2 °F ’;' I g- -
N e +_ & =
C ® oI ® -
S ey 1 T

0 500 1000 0 500 1000

Intercellular CO , Concentration ( Hmol CO ; mol 1 air )

fig. 6.4.2.. ol Bgsta /WA e] 88 A-Ci(35; F3xd, 5738
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table 6.4.2. A/dolA A A A-Ci FoMA 2FET CORAH, F5FEE
AN G A EE, LA ES
CO; compensation Photo respiration Maximum Carboxylation

Plot point rate photosynthesis rate efﬁc1ency
(umol mol™) (umol m~” s™) (umol m~” s™) (mmol mol™)
I- 1 60.0 (£5.7) 1.88 (+0.11) 7.43 (£0.10) 31.50 (£1.18)
Low 1-4 584 (¥4.1) 1.95 (+0.11) 8.12 (+0.38) 33.64 (£0.52)
PPFD 1.7 582 (45.5) 1.56 (£0.11) 7.45 (+0.18) 26.89 (+0.58)
1-10  53.8 (¥2.8) 1.60 (£0.10) 7.59 (£0.20) 29.68 (£0.26)
I-1 604 (£5.6) 2.28 (+0.22) 11.15 (£0.15) 37.77 (£0.24)
High 1-4 591 (3.7 3.14 (+0.23) 16.30 (+0.00) 53.12 (£0.58)
PPFD 1.7 = 558 (£3.1) 2.33 (£0.21) 12.90 (£0.20) 41.65 (£1.42)
1-10  53.5 (£3.8) 2.48 (+£0.27) 12.90 (£0.10) 46.21 (£1.70)
T, el AR JRAIS] CORAGR S AdH W Fro] S7Hes vholA]
© A% vedllod, a2 Aol wAskn. 2ejar FRAFAEAIY] F= 2
T Al FARE S uEblh 2ela AR oA COLet A gtstelokd RuBP7d
Ahael Aoy MAlste FEEFS FHEAA WE Aol YEuA oy &
A1 BTt o FSFEETE Stk A¥S UEHH AdAE SeE v
Fotal A= HAd FFAAEEE 5EAAA-4) JHATE ©hE JRACl HlEfA ki =&
e Uil e, Rl wE A A A yEuA g8kt e
SAANGY FErE =0 Hd FFAEAEETE otk o2 dIFS RuBPY T
S RSt e AN FEEE fASHA dERETH
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fig. 6.4.3 =AM st A = A-Ci(F5; d=4d, &

table 6.4.3. =Ao A AGg WALl A-Ci FHANA & COEEGH, B35, AdH
FHEE, BLIHESE.
CO; compensation Photo respiration Maximum Carboxylation
Plot point rate photosynthesis rate efficiency

(umol rnol']) (umol m”> s'l) (umol m’ s'l) (mmol mol™)
1- 1 68.6 (£3.1) 2.05 (£0.12) 6.32 (£0.15) 29.95 (+0.46)
Low 1-4 81.4 (£1.9) 2.32 (+0.13) 6.21 (£0.04) 28.45 (£0.93)
PPFD 1- 7 69.0 (£5.7) 2.13 (£0.29) 6.66 (£0.02) 30.73 (£1.61)
1-10 78.1 (£2.3) 2.27 (£0.10) 6.18 (+£0.30) 29.04 (+0.45)
1- 1 553 (£1.4) 5.44 (£0.25) 25.45 (£1.25) 98.32 (£2.14)
High 1- 4 57.5 (£2.3) 5.45 (+£0.32) 28.55 (+0.95) 94.72 (+1.83)
PPFD 1- 7 52.3 (£0.0) 5.67 (£0.05) 30.50 (£1.00) 108.35 (+0.82)
1-10 49.0 (£0.3) 5.13 (£0.05) 27.80 (+0.20) 104.68 (+0.44)
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= F3ol Z7k8hw RuBPe] Eateel 3718l AASEEI HAHE AL @
T AAT
Fd =Ael BRI WAL S-S A= vlusty] fad AE=3(PPFD
1000umol photon m > s el ZAF ke E-4ol GERTE o714 el A
A COmA 5o BE @e Avum ud WA 2 Aol7t Yehin
Dee & & ATk aeu =ANN A AAE FYol FE BaRuYEE
o] T7ksto]l COEAFR o] shopAan AQbst&H =7t S7hets o @A &
ol FolA: 4@ vpehdth. 1Ad olels ARGl % wanAAe]
4 FM AN A%E AANAE B S gltks Ae U B guxg
AA AT FHAEH] ol dolubd 2x; BPMstel e 4ol 7
A8TE A ou @
Table 6.4.4. 9743 w=A oA A AAY COEAR, BE5FEE, ANBFEAEE, @4
& & (PPFD 1000gmol photon m ™ s b).
CO; compensation Photo respiration Maximum Carboxylation
Plot point rate photosynthes1s rate efﬁ01ency
(umol mol']) (umol m™ s'l) (umol m™ s’ ) (mmol mol )
1- 1 60.4 (£5.6) 2.28 (£0.22) 11.15 (£0.15) 37.77 (£0.24)
Forest 1- 4 59.1 (£3.7) 3.14 (£0.23) 16.30 (+0.00) 53.12 (£0.58)
Floor 1- 7 55.8 (£3.1) 2.33 (£0.21) 12.90 (+0.20) 41.65 (£1.42)
1-10 53.5 (£3.8) 2.48 (£0.27) 12.90 (+0.10) 46.21 (+1.70)
1- 1 553 (£1.4) 5.44 (£0.25) 25.45 (£1.25) 98.32 (£2.14)
Nursery 1- 4 57.5 (£2.3) 5.45 (£0.32) 28.55 (£0.95) 94.72 (£1.83)
-7 52.3 (£0.0) 5.67 (£0.05) 30.50 (£1.00) 108.35 (+0.82)
1-10 49.0 (+0.3) 5.13 (£0.05) 27.80 (+0.20) 104.68 (+0.44)
o TRl SRS
Faagol A Fiol WEHE HTIH FTAAE M COE F
T AAskE FP)e HEEPY/T)E AAEste] F-FEol8a8 FHdow Yeihg
(fig. 6.4.4).

- 116 -



Nursery

1500 2000

1000

500

Forest Floor

1000 1500 2000 0

500

0

AQNN.NTGEE ¢oo Towrl) Kousronyy as() 1ojeMm

fig6.44. F=o] o FFAAS 2AF AR

i

|

ato] A 2 He

Jlefl H]

Z

el

3 7Y

el A%

o]
=4

Z

fo] ol § &l

70

B

Uebdcth 28 x

~
Njo

o

of webd Fiol g gol F7)

H

o

pud

& A=

Aol A Ay

HSA Tt

o

=3
=

ol A A Aol

oA o] sk iAo

= sty A5

-3

==
T3

)l

—
1o

,AO

o vebdth ey 9

,_._mo

gk A

A 2}

ol A

pud

g Hom mo}

o] &

)

olo
et

pul

EEEIE

EL

et

% (stomatal

i

gt

conductance)?] ##H A (fig. 6.45)2 HAES LA}

- 117 -



Nursery

Forest Floor

—+2

bob

[ R
1000 1500

[0 N R ——

|
©
S

= N
S o

f.m LW OFH 10u) 90UEB)ONPUO)) [EJEWO}S

L b b by |
1000

I
500

2000

1500

500

20000

0

PPFD ( pmol m 2 s™)

Fig. 6.4.5.

o] ¢l PPFD 0 pmol photon m > s ol A= 7]

BT

Yeb L ek Zefar =l A

i

.
TAERE

l

7

1} O
.

st A7
el A

e o]

7H A

F A R v

I
T

o]
=4

1
.

el
op

ok

Ho

o))
Bl

so] o

2002)°l H]

7}

=
[e)

ol 7N =(PHE) 7t

oL
[¢}

ek 7]

=
[

AR Y 5ol

51_

o] ¢

LHER T

e} (e}
=2 e

i

- 118 -



A14d AkA

TH

fei
=K

™

A, W, 239 3

ko3
T

4%

A

_ﬂ

\=] [e)
EAs

n g

Foich =i e}

°

ato] A

2s

T

g

=

SuH B9 kalosaponi
=

_CH

7h EA AR

£

=]

o]
i
o)
e

e
B
o
N
el
jmd

£)

oAl

5
T

o
N

gl

kol A Semxbem SIS

Q]
=

al

2 9
FEo By

X
2 A e kalosaponin &E¢] WHol =

Al

ﬂglﬂ’ T,]f“_

S

°

I =]

Z

ol

I 54 12

3

A ut.

S

,WO

i

k]
pl

o] Al

Aot

EEECRIER

of A&

]
Al
A

H71 <]

9

3

=
hl

3Fo] kalosaponin 3l &

S

B3 Rk ohAl 3

S

3

A

=

=3

=
T
j,]

o=

U
2

Ko
=]

1

°

A

Aste] At

MerckAte] HPLCH<S T+

L
.

716

oF

],

o)
pi

3

&

1A]

40Cell A At

ke
T

i

3
T

100gdmf  70%(v/v)MeOH  1000mlell
- 119 -

Watman No.2 od3#x] &2 o3}

ko3

HSA Tt

3k

S

pul

o} AL
Kalosaponin ¢

I

3 o, 4% 9] kalosaponins E+ &8 74

o

. Kalosaponins %
sonication

Q2

[¢]



Table 7.1.1. The range, mean and standard deviation of morphological and growth forms
for 197 selected tree

Characteristics Range Mean£SD C.V.*(%)
Age(year) 15~138 69.07+21.27 31
Height(m) 7.00~18.50 13.08+2.80 22
DBH(cm)** 10.00~92.00 40.32+15.17 38
Crown width(m) 2.00~14.00 7.53+£2.57 35
Clear length(m) 0.30~12.00 5.78+3.47 60
Annual mean DBH increment(mm) 0.06~0.47 0.20+0.08 40
Inner bark thickness(mm) 2.29~8.18 5.37+1.29 24
Outer bark thickness(mm) 2.66~31.66 15.09+6.37 43
Weight of Inner bark thickness(g) 0.15~0.66 0.33+0.10 31

* coefficients of variance componets
** DBH:diameter of abreast height

=]
AR

ftlo

T AR

A

2 ) g% 95%(v/v) MeOH 30mlell ¥ il 45% F<9F A&
o A sonication AZ1F AERZQ A oA E AFEste] o#fstal, doljxl FEEELS
A0CNA A FsFAAT AR 50mle] 55 Yo F23] Folil, o]F 1lmlE
sted 0.2ume] nylon filterg AF&3ste] o #g F Al 10000rpm & =2 2047 44
welste] ALE AaL A7]aL A dRtS Hsto] BAAER ARE ST

t}. Kalosaponins 41

=g 2nE 78 9= silicagel  plate(silica—gel  254F, Merck), #A/l&w=
chloroform @ methanol : water(64:50:10)S AF&3td o, EAAjeko =R
vanillin-sulphuric acidZ AF&3A4, 365nme UVElalA #23th. HPLCEA &
HPLC operation system(TSP, USA)S AF&3F3 k. +A4 A AFE-3F HPLC 2712
FAo 2= A, water+0.1N phosphoric acid(78%)9} B, Acetonitrile(22%)2] & &8
2 gradient 27, Z#& Lichrosorb Al-18(10cmx4.6mm, 5um, Merck), %<2 0.6um
/minC 2 o AFE injection volumeS 20ul, B A 7HE 30802 3 Th

49 HEL UV detector(TSP UV 3000)& At&3tdeod, #HE342S 200nm
2 3 th Kalosaponin® &A1& 47449 &4 A7 At dkad
k. olul 4% 9] saponinE(250-1000ppm) 2] correlation coefficient(r)< 0.99 29, 3
HEEo] g HAE +0.001% (. Kalosaponin®  #<le  TLCY Rfx 9}
chromatography ] retention time % ¥+ % 9] co-chromatography® 33} 3} %1t}

o

i

©
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AR S 299l Kalosaponin® 3H#x}85+E Nest designell ¢ 24
= o
= o -

b Aol 2ol AAES L, Duncand HEAAHOR

1
ES

7}, HE¢]¥ Kalosaponin 3%

S UF o] Kalosaponine BuOH F3&o| &x1st%1 2w, chloroform : methanol :
water(64:50:10)9] A/fHS o] &% TLCZ Y Rfxl= HG 0.5, KPB 0.55 KPO 0.44,
KPB 0.63°] Z+7 Y¥Elv}H | vanillin-sulphuric acid &2} A] ko 213 A 6 2 FEFGETH
(eflol® W AIAl).  Lichrosorb RP18 Z#S& Ab&3 HPLC &4 UF3 45
Kalosaponin =5+ %3 stA #8529, retentiontimee HGE 3.21%, KPB 7.69
i, KPO 4737+, KPP 3.71% 2 YEEth(Fig. 7.1.1). ®=+4F 9] Kalosaponins

¥FE43 FE5ES cochromatograpydt 23 FEE9 saponinE< X534 &

O

2 3+ reteneion timeS X %4t

Fig. 7.1.1. HPLC chromatograms of authentic kalosaponins(l) and extracts from inner
bark(2). HPLC conditions: solvent: A, water+0.1IN phosphoric acid(78%) and B,
Acetonitrile (22%) gradient, column: Lichrosorb RP-18(10cmx4.6mm, S5um, Merck), flow
rate: 0.6ml/min, injection volume: 20u{, detctor: UV detector, absorbance: 200nm.
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SUFE AE, UT, 295 AHste] 2 R Y9dEE 4% 9 kalosaponin 3 E-S
A HFig. 7.1.2). HGY e A& =99 e {93 Zol7t A g

o HE
1l -t

]
599 yse] Fatels @e Aolzk Ytk KPOe| are uiseA 7
AL ThE T N7 Gl Aol @llth 1 9] KPBsh KPPel 7§91
Fapol= Ao Gtk BAW 42 Kalosaponin® FFFE U} g AEF

3059mg e 2 71 Eka, o] 22.74mg, <37} 18.02mg <=°] Atk (Fig. 7.1.3). &

Hir

oft mot

1%
S

=
o

@ disle] e ge T oRsle] gl fel@ AolE welth
J | EREN |

Fig. 7.1.2. Kalosaponin content in young leaves, inner layer of bark and inner layer of
root bark. Bars followed by different letters are significantly different according to the
Dunccan = multiple range test(p<0.05).

Fig. 7.1.3. Total kalosaponin content in young leaves, inner layer of bark and inner layer
of root bark. Bars followed by different letters are significantly different according to the
Dunccan ~ multiple range test(p<0.05).

Y. A9 ¥ Kalosaponin &%
kalosaponin & A|ejzbel 4dd WolE wIlem, kalosaponin®] Fid %
A3 A e HolA erkrH(Table 7.1.2).
q

% kalosaponin &2 2ol g AEFTY 303mgez 7MY =ka, 7t 94t
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(1659mg/g dry weight), 3P4 (15.62mg/g dry weight), %(15.56mg/g dry
weight), $A4H129mg/g dry weight), &4 1 (9.01mg/g dry weight)F @2l o]
Suk. HGE shake stelat T fdo] g AESTE 533mgl = 7 =931, shebat

H 3T y
IR, 28, 4, 44, 23 oot KPP &3 Wadol ¢ A=%
9 2.08mgo.= 7P wekar, rhe At det o2 KPOS A-foll= dito] g

Table 7.1.2. Variation in kalosaponin contents of selected trees

No. Content(mean+SE)
Province Population of
tree HG KPP KPO KPB Total

Gangwon Mt. Heungjeon 30 0.89+0.11%  0.50£0.06° 11.16+1.07% 0.36+0.04° 12.90+1.14™
Mt. Barwang 30 1.54+£021° 0.94+0.17°C 23.89+1.74° 4.00+0.54° 30.37+1.95°
Mt. Gariwang 34  0.38+0.06°  1.20+0.12° 12.97+1.49" 2.04+0.19° 16.59+1.62"
Paltan-Myeon 26 2.21+0.39"  0.48+0.05° 6.43+1.04% 6.30+0.28" 15.43+1.04"
Mangun-Myeon 27 1.96+0.49™¢  2.08+0.34"  8.92+0.96* 2.60+0.23° 15.56+1.24"

Hanra 1 30 2.96+0.51°  0.59+0.11°  3.2240.38° 22441031 9.01£0.72°
Hanra II 20 5.33+0.83"  0.7240.13%¢  6.26£1.09% 3.30+.17™ 15.62+1.38"
Total 7 197
Aot 2L A3z Rol Sy kalosaponin €32 9 E7F ol FE EolA] =
s Hola ok & LAk oy sheleat Jde] dF Sy e wg =2

4 2]
kalosaponin &S Wetlo] &5 Ade HAAAR SdHdvd A2y s7hAS

AEE o] g8 F A Aotk

t}. Kalosaponin $FF W o]

obll

1977) A5 W9 9] kalosaponin 3H#& A@EFEAT ARE 7 FEER 24
_El___

T2 93 Nest design #4HEA S AA|gE A= Table 7.1.3% Zu. A}

ox, 1%

As el FoolA A9z, A9 FUG BE 01% FEAN FAY Fel
2k

o] AAHA}, B AFd A= dlF 9 kalosaponin &2 A9 A st=

2
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Aol ofs B2 JEFE T Adow FAHEG. =4 Aol Slof Wol= ASA W

ole} tEo] e EAstE o= &l Arh Lincoln 5 2 Mentha 59 F8
B2 essential 0il9] WolE B o Chil 5 & FEUT XA uf=
oAl taxol®] FFEFHWol= Bk nf Qlvh o] =4 ALY Wol= A A,
A gl o8 doju= Aom dHA vk B AT AIAME AETF 52
FEE A 9o FuyTt FEFo]l =2 AE olyg acld 7dg Aolwta dAdkd

Table 3. Analysis of variance for saponin contents from inner bark of 197 selected trees.

Variable Among regions Among pop ul_ations within Withil.l
region population
MS F-value MS F-value MS of error
d.f 3 3 190
Inner bark thickness 4068  41.67 5.28 5417 0.98
Outer bark thickness  863.76  42.98° 516.36 25.69 20.10
Inner bark weight 033 70917 0.02 493" 0.01
H.G 9490  22.107 29.65 6.90"" 4.29
KPP 15.18 19.13" 2.60 327 0.79
KPO 1,831,661 4279 1,065.04 24.88"" 42.81
KPB 11699 4579 75.19 29.417" 2.56
Total 877.21 15.94™  2,008.72 36.51°7 55.02

CES EYF macro E micro F719E S A s
s Aoz &dEA 9t} Eycalyptusel 1s=9 &

S ZUMNZFHoH, M5 4dptjsms menthol A4S 23]
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3 SvpFo A kalosaponin®] A= thah AE3E 7|EZFHo] A
Q¥ A RE, tracerE ol &3 A AT B tHAHAOIAE key enzymed] TEH X
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Syt AAst= S (Kalopanax septemlobus(Thunb.) Koidz)9] H$¥
7N AAHGEZ 459 kalosaponin & #HS HPLCE A HEASIYE A, TAEA
F3 ol E XAEA Y. Y E F kalosaponin ¥ W (30.59mg/g dry
weight) 2 7H¢ =931, M(22.74mg/g dry weight), <3 (18.02mg/g dry weight)
o7 yelytch AARATEE Wy el F kalosaponin &3-S WA TH(30.37Tme/g
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Fig. 7.2.1. Structures of kalosaponin and its derivatives.
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Table 7.2.1. Some physical characteristics of the trees used in the present study.

Characteristics Range Mean + SD
Age(year) 15.00 ~138.00 69.07 + 69.08
Height(m) 7.00 ~ 18.50 13.08 = 0.14
Diameter of breast height(cm) 10.00 ~ 92.00 40.32 + 40.29
Crown width(m) 2.00 ~ 14.00 7.53 £ 7.58
Annual mean DBH increment(mm) 0.06 ~ 047 0.20 £ 0.14
Thickness of inner layer of bark (mm) 229 ~ 8.18 537 + 534
Thickness of outer layer of bark (mm) 2.66 ~ 31.66 15.09 + 15.02
Weight of inner bark (g/4"'mcm?) 0.15 ~ 0.66 033 + 0.28

. Kalosaponins® & % shakEX

Kalosaponins®] F&<& Shao 5(1989)¢] WS o7 Wslo] ARSI T A& 100 g
S 70% (v/v) MeOH 1000 mlo] 1A]7Fs<t sonication 3 % ©]¥}#] (Whatman No. 2)&
st & 40TCoA 2, w539t FEEL2 A 22 93] FZola, thA] ethyl

acetateE® 2o FE333, UA B2 ¥3lH BuOHE Yol FE3I9ULE FE5E2 40T

HE

Kalosaponins #41& ¢t A=ZnfEed]=  silica-gel plate (silica-gel 254F,
Merck), A7/§gvl= chloroform, methanol, water (64:50:10)S AFE3FFow AIA] kO
23 vanillin-sulphuric acidE AFH&3}aL, 365 nme UV shollA ##3}¢ith. HPLC #4&
TSPAFS] HPLC operating systemo] ©]&AS 2+ A, water + 0.IN phosphoric acid
(78%)9t B, acetonitrile (22%)9] &&-8ulzZ gradient &7, Z¥S Lichrosorb RP-18
(10cm x 4.6mm, 5um, Merck), F%< 0.6 md/min. 02 3L, AE2 injection volume
2 20ul, EAAAZFE 0ESR Ak 229 HES UV detector (TSP UV 30000 A}
L3t oy A&E9AS 200nmE d+53th. Kalosaponins® BHEHEXM LS 4714 FFE4 9 7
ZAS ZAASte] Pk olw]l 4%9] kalosaponins (250-1000 ppm)2] correlation
coefficient (r)2 099912, 3u9tEo] 3k HA= +0.001%°]At}. Kalosaponin® #Hel&
TLCY Rfx$} chromatography 9 retention time % ¥+E 239 co-chromatography &
skt

A oFS Sigmarte] 5w Aok AREsElaL, 718w MerckAe] HPLCHS 9
slo] ARS8l o™ 4% 9] kalosaponins EFEdS Astgnl ofshy} AFd nwFREH

2o ol A3l

404'
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EAEA

Kalosaponins gt 93-S A= 220& +83sl7] 98kl 4F9] kalosaponins &%

2GR} P da deddaAn \dEEASs Ao, A Ay

T3 kalosaponins g7 =2 4#S Holw PP diste] AR S HAAIESIH
&

BE BAEAS PCE SAS program (SAS, 1987)& o] &3to] AAetoih

7} 2uF-9] Kalosaponins &
Kalosaponine A 9e wehr f2(P<0.05)3 s#HolE K9 o™, kalosaponin®i'¥
297t kol A AYs Ho|R &kti(Table 7.2.2). % kalosaponins &&#2
Abo] g AEFY 30.37 mgl & 7 =k, s ek (16.59 mg/g dry weight), 3Fe}it
(1562 mg/g dry weight), &< (1543 mg/g dry weight), 244 (129 mg/g dry
weight), SFHAH (9.01 mg/g dry weight) 5] ol HGe 32 it I et
o] g AEFT 533 mgl® M Eoka, gk IFW, e W, S ek Foldl

th KPPY 3&e Wfde] g =5 9 208 mgo= 7P =%k, 7Sl 2k
g

M

25

oldtk. KPO9 Z-¢oll= weite] g AEF 3 2389 mgo® tE A9 Fdne 4
53] Esith KPB 93¢ 2uvel d3ol g A8%FY 630 mgo2 /M EAW e
A3} frold FEatelE melx ekt
Table 7.2.2. Contents of kalosaponins in inner bark of each population.

No. Contents (mean+SE)
Province Population of

trees  HG. KPP KPO KPB Total
Gangwon Mt.Heungjeong 30  0.89+0.11%" 0.50+0.06° 11.16+1.07™ 0.36+0.04° 12.90+1.14™

Mt.Balwang 30 1.54+0.21°% 0.94+0.17% 23.89+1.74° 4.00+0.54° 30.37+1.95"

Mt.Gariwang 34 0.38+0.06° 1.20+0.12° 12.97+1.49° 2.04+0.19" 16.59+1.62"
Gyeonggi Paltan-myeon 26  2.21£0.39™ 0.48+£0.05° 6.43£1.04* 6.30£0.28" 15.43+1.04°
Jeonnam Mangun-myeon 27  1.96+0.49™¢ 2.08+0.34" 8.92+0.96° 2.60+0.23% 15.56+1.24"
Jeju Mt.Halla I 30 2.96+0.51°  0.59+0.11° 3.22+0.38° 224+10.31° 9.01+0.72°

Mt.Halla II 20 5.33+0.83"  0.72+£0.13% 6.26£1.09%° 3.30+0.17" 15.62+1.38"

", Different letters within columns indicate significant difference between populations at
the 5% level by Duncan's multiple range test. Abbbreviation: HG; Hederagenin, KPP;
Kalosaponin P, KPO; Kalosaponin O, KPB; Kalosaponin B.(Total=HG+KPP+KPO+KPB)
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L}, Kalosaponins &2 A4 A7 a4

Kalosaponins el FaFs wA= 220E& 9] fste], & 19729 %2
kalosaponins $t#o] @& JHAZ 7|Fow FERE] 25%0] Fsl= 50ES At
(Table 7.2.3). Fehd ArEs gl i) &S AR 23 Seibydd 278 (54%), 7He
AT 92 (18%), SAAE 7#(14%), FEw 32 (6%), TS 3 (6%), il
DAY 12 2%)o2 F 50%0] Aww=d eI Jaol s s Auts)x g},
olg} e AR Hol %o} st =2 A Y2l Ao A kalosaponins FHEo] k=

Y Aolo] e BFEANN 1 4U9e B 5 YL Aoz AT

Table 7.2.3. The characteristics of selected 50 trees.

Characteristics Range Mean + SD
Age (year) 26.00 ~ 123.00 67.56 + 19.38
Height (m) 7.00 ~ 18.50 13.81 + 2.93
Diameter at breast height (cm) 15.00 ~ 68.00 36.73 £ 13.42
Crown width (m) 2.00 ~ 12.50 6.47 = 2.11
Annual mean DBH increment (mm) 0.06 ~ 0.35 0.17 £ 0.07
Thickness of inner layer bark (mm) 2.64 ~ 7.78 5.09 £ 1.11
Thickness of outer layer bark (mm) 5.14 ~ 27.80 15.01 £ 5.72
Weight of inner layer bark (g) 0.15 ~ 0.54 0.31 £ 0.09

Kalosaponins ¥l @ AR Adg A 508 gk AAdatel 3@
kalosaponin@ @l WA= FEF& A7) flste] 7 A 54 dds 23 Ao
Table 7.24 2t KPP &3t 7H4 2& ol gle 2/l F39 o F/A(r=0407)
S T (r=0377)o= 1Ee] Aol FuyATE AAH el 3o WIFASk FFol KPP
Farol WHT GFS vAE FEE Yepith KPB 83 ZadA7) e 29 £
WA (=034 9k FF (=032 22 5%FEolA FolAQl gl AE el Fao )
HEAe} FaFol KPB el 438 wXe g4 Jehdrh KPO 3t AgtdArt 9l
= age e WS (r=0527)3 FA (r= 0477), F8 (r=0417), F3]9] 29

4 (r=032)=er oo Igdd A, 9, $39 A Sl
KPP gl 7b w2 43S viAE 342 vebdh 2oy HG 392 28 94 54

Zboll g3 AAS BolA| 9kt

- 129 -



Table 7.24. Simple correlation among the characteristics of high kalosaponin containing 50

trees.

X X X3 Xy Xs X X7 X3 Xo X X

Age(Xy

Height(X) 0.02

DBH(X;) 044" 0.19

CW(Xs) 006 019 063"

AMDI(X5) -0.50" 0.06 0.13  0.15

TILB(Xs) 036  -0.03 0717 037" 0.19

TOLB(X7) 0457 0.11 0547 040" -0.01 043"

WILB(Xs) 047 -024 062" 027 0.12 089" 051

HG(Xs) -021 -025 -0.13 0.14 021 0.12 -0.06 0.11

KPP(Xi0) 0.18 0.04 0.19 -0.11  0.09 040" 021 037 -031
KPO(X;1) 0417 0.03 032" 014 006 047 040 0527 0.16 0.18
KPB(X;;) -0.15 -0.07 0.09 002 0.04 034 011 032" 012 0.09 -0.07
*Signiﬁcant at p<0.05, **Signiﬁcant at p<0.01

Note: DBH; Diameter at Breast Height, CW; Crown Width, AMDI; Annual Mean
DBH Increment, TILB; the Thickness of Inner Layer Bark, TOLB; the Thickness of

Outer Layer Bark, WILB; the Weight of Inner Layer Bark, HG; Hederagenin, KPP;
Kalosaponin P, KPO; Kalosaponin O, KPB; Kalosaponin B.

oje} e A3ts Fietd HGE #€F KPP, KPO, KPB 332 &4 ox Wi+
At T dHs BAQ AR yehdtt olyd Ay aF Uy (Narayanan et al.,
1973) ¥ black wattle (Moffent®} Nixon, 1966) 5% 2z} thAEd g date] 4y
g #do] Ss Bastdrh  fr&olaAtAbES tifE FHd] Ao 9= AR &

A S, Al taxolE AMtetE FE 52 oA o] 7MY oM (Senilh et

al., 1984), Tropane alkaloidE A4t 7HA3 AE82 ol EA9 AT #AH FHA=
& B % By 9] pericycle o9 EA3H methyl jasmonate 53 22 elicitoro] &3] =
o] gkl FEHAAAE EAS /K2 At (Suzuki et al, 1999). T3

kalosaponin&#-2 U5 9 oA ofde 29 TRYE 4 M 2ol dfsle

Aoz wyd vl th(Lee et al., 2000)

t}. Kalosaponin 3% A3 47 o534

AT EA o] ANE AR St Kalosaponins &3 Aol

M
Mo
odl
i)
I
=
I
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Table 7.2.5. Partial correlation among characteristics of the 50 selected trees with fixed age.

X X2 X3 X4 Xs Xs X7 Xs Xo X0
Height(X,)
DBH(X2)  0.20
CW(X3) 0.19  0.68"
AMDI(Xs) 0.08 045 021
TILB(Xs) -0.04 066 038 045"
TOLB(Xs) 0.12 0437 0427 027 032
WILB(X;) -028 0527 027 047 087 038"
HG(Xs) -025 -004 016 012 021 004 025
KPP(Xs)  0.04 0.3 -0.13° 021 036 0.5 033" -028
KPO(X10) 0.02 0.17 013 033" 038 027 040" 028 0.1
KPB(X;) -0.06 0.7 002 -0.04 043 020 044 0.10 0.11 -0.01
*Signiﬁcant at 5% level , **Signiﬁcant at 1% level

The abbreviations of the variables correspond

to those of Table 7.2.4.

Table 7.2.6. Partial correlation among characteristics of the 50 selected trees with fixed age,
DBH, CW, and AMDI.

X, X, X3 X, X Xe
TILB(X))
TOLB(X>) 0.06
WILB(X3) 0.83" 0.24
HG(Xy) 0.28 -0.01 0.22
KPP(Xs) 0.35" 0.16 0.32" -0.26
KPO(Xe) 0.33° 0.19 0.36" 0.26 0.07
KPB(X7) 0.46" 0.20 0.50" 0.16 0.09 0.01

: Significant at 5% level, ™ Significant at 1% level

The abbreviations of the variables correspond to those of Table 7.2.4.
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stz ®ol KPP, KPO, KPB 59| &2 WaFA 2 WdF
FI fo] (P<0.00) S FHdAE JAFFORA, o5 Tl 7P B TS A= F
Ao WA WasFds F4T 5 Ak

Table 7.2.72% KPP &=l djsto] stepwised ©]-&3 th53] 4] =1
24, KPP gl 7 B 43S mAE 4 95, F3E Felglon,
KPP o] 43S vAe= AWEe 24%=2 debseh Eg KPP gl tigh th53]7] 2
kalosaponin P=—0.2308+0.4489 TILB—0.1412 CW (R2=0.2357)% 4% 4 9t

Table 7.2.7. Multiple regression coefficient and equation for the content of kalosaponin P
in inner layer bark.

Ropon  Pwpl MRl
Constant -0.2308
Thickness of inner bark (TILB) 0.4489 0.1565 1.1565 8.9059™
Crown width (CW) -1.1412 0.0792 0.2357 4.8731"

" Significant at 5% level, ** Significant at 1% level

Table 7273 7288 KPO & ol tisle] stepwises ©|&3F ths3AEN A74E
bl Aoz KPO Haoll 71 @ol ke nx= Jde HuFdolglon, o o]
KPO gtoll o3-S vx= Agae 30%2 Yepsth =3 KPO shafol| tieh th53] 72
kalosaponin O=—2.115+11.0413WILB (R2=0.3027)& 343 <+ Acth

30

Table 7.2.8. Multiple regression coefficient and equation for the content of kalosaponin O
in inner layer bark.

. Regression Partial Model
Variables coefficient R’ R’ F
Constant -2.1115
Weight of inner bark (WILB) 11.0413 0.3027 0.3027 17.4534"

**Signiﬁcant at 1% level
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Table 7.2.9. Multiple regression
in inner layer bark.

coefficient and equation for the content of kalosaponin B

. Regression Partjal Model
Variables coefficient R’ R’ F

Constant 89.5519
Thickness of inner layer bark 153.5252 0.1183 0.1183 6.4400°
Age -0.6799 0.0818 0.2001 4.8043"
Annual mean DBH increment -106.6380 0.0691 0.2692 43497
*Signiﬁcant at 5% level

Table 7.29%= KPB o] tjste] stepwise® ©]&3 tha3|AwA A#HE HeRd 3
o=, KPB 3ol 714 gol 9@ mA: G4e usA, 24, A9 44449
Folglon, o o] KPB #aol Gae At 48ee 3002 vehdth 8 KPO

=i

AMDI (R2=0.3044)= FAHET 4 UJth. wehA KPP,
42 Fujo] Wug

o=t we @4
&)

ouf gupiel B4 4ae /A biomassel U3t v

ohFe Ay

Horg

32

T kalosaponins
o] Jitol] AA 7]od Zolrh  yolrf o
Adow dE] Hyd

steko]l gk oFE3]94] kalosaponin B=89.5519+ 153.5252TILB — 0.6799Age — 106.6380
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LAY v FEe Awsl g8, oy AqomRE A (Table
1o F8&EA ol £ /MA(Table8.1.3)e] FA5 A - APFRste] 2

8
Ao AGEFEFERELS 2L 7HAE AEES A HH(Table 8.1.2).

A swAA S () 3 (m) F2A4(m)  FHEm)

A 1-1 115 12 66 7.0
1-2 120 11 54 6.0

1-3 95 11 45 50

1-4 55 8 33 5.0

1-5 35 9 47 85

1-6 110 12 68 7.0

1-7 115 10 58 6.5

1-8 90 7 42 6.0

1-9 110 13 47 7.0

1-10 30 13 44 75

1-11 35 12 59 85

1-12 95 11 66 85

A 2-2 90 9 43 55
2-3 35 13 58 10.5

2-4 110 13 59 85

A 1-1 30 15 28 6.5
471 1-1 55 13 65 7.0
2-1 125 16 69 85

3-1 55 15 72 115

4-1 30 13 71 12.0

5-1 45 13 68 85

AE 1-1 95 15 26 6.5
2-1 30 17 36 6.5

q 1 87.6 12.2 53.2 7.6
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Table 81.2. &1 FF B9 A 3H2000. 42 A)
A SwlA AR EET SARE S AE & (%)
Al 393 323 70 82.2
A 1-1 20 18 2 90.0
1-2 2 2 0 100.0
1-3 17 14 3 82.4
1-4 11 11 0 100.0
1-5 20 18 2 90.0
1-6 20 18 2 90.0
1-7 19 12 7 63.2
1-8 19 15 4 78.9
1-9 19 15 4 789
1-10 20 13 7 65.0
1-11 20 14 6 70.0
1-12 20 19 1 95.0
A 2-2 18 15 3 83.3
2-3 2 1 1 50.0
2-4 8 0 100.0
A1 20 16 4 80.0
471 1 20 18 2 90.0
2 21 17 4 81.0
3 18 14 4 7.8
4 19 16 3 84.2
5 20 16 4 80.0
AE 1 20 18 2 90.0
2 20 15 5 5.0
oF A F AW 115 97MAE 90%old AERS Bl FF 547 A
wol HAEI gdrh 200349 Al YoME KEEY Gl w2 Hu
(Table 813)¢] 207k 356%0] Aol i 74 7H7E &L 100%2 555
om(Table 8.14), 35 7 £4%4 445 5742 A0 ngd Aol
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Table 8.1.3.
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6.5
8.5
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81

rvze)

_EO

42

12
15

65

50

3.5

10
24
13
26

50
60
50

5.5
55
45

15

12
11

70
23
65
65

3.5
45

45

14
26
28
23
30
28
27
26

14
14
13
16

10
11
12
13
14
15
16
17
18
19
20

4.0

80

6.5
6.5

60
80

15
17
15

5.5
6.5
45

80

55

15
36
34

61

6.0
6.5
6.5

17
12

82

72

36
36

18

17

53

6.5

80

5.5

28.5

13.3

63.4
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Table 8.14. U7 ¥

7N A

92.2

30

356

386

100.0
100.0
100.0

16
20
20
15
18
16
16
14
19
18
19
20
20
17
18
18
18
17
17
20

16
20
20
20
20
18
19
20
20
20
20
20
20
17
20
19
20
19
18
20

0

folo

75.0

90.0

88.9

34.2

70.0

95.0

90.0

10
11

95.0
100.0
100.0
100.0

12
13
14
15
16
17
18
19
20

90.0

94.7

90.0

89.5

94.4
100.0
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2. A =4

[ R A S ol 4 e S o R = i L
x7dske] #elsta Qv (1d 8.1.1).

N
o dlo

!

Table 8.15. 47 AT =A4AZ

35 $l8ke] Table 8.1.59F el A

2207 4 HA (m AANEF(E) dEEF(E) kA
A 12,320 2,064 1,920 53
AR 9,720 1,620 1,584 5
Za.EH 600 120 93 5
FE.TT 2,000 718 650 43
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