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SUMMARY

I. TITLE

Studies on the development of ecospecies in Pinus densiflora for. erecta Uyeki

forest

II. OBJECTIVES AND CONSEQUENCE

According to the Uyeki(1928)’s research paper regarding on the study of Korea
pine trees, he classified Jeuksong into six ecotypes based on the pine tree forms
distributed in the Peninsula of Korea. The six ecotypes of Korea pine trees
were named as Northeastern type, Middle-southern flat type, Middle-southern
upland type, Wibong type, Ankang type, and Geumgang type. Especially, he
stated that the Geumgang type was mainly distributed at the Taebaek Mountains
such as the Mt. Geumgang in Gangwondo and Uljin, Bonghwa, Munkyung in
Kyungpook. And the characteristics of Geumgang type showed the following
factors such as straight forms of stem, narrowed crown, fine short branches, and
higher crown height, turtle back shapes of barks. The bark color of Geumgang
type was ash—brown color on the lower parts of stem and yellow-red color on
the upper parts of stem. The annual ring widths of Geumgang type were
evened and narrowed. Therefore, Uyeki(1928) named Geumgang type as 'Pinus

densiflora for. erecta’.

Pinus densiflora for. erecta named by Uyeki in 1928 1is wusually called
'Gangsong’ or 'Geumgang song’ or 'Geumgang pine tree’. But, logger, timber

manufacturers, timber traders and forest land owners classified Geumgangsong

_9_



into two timber types such as Jeoksong and Baeksong. The Jeoksong showed
yellow color of wood cross section and had more heartwood than sapwood, the
Baeksong showed white color of wood cross section and had more sapwood than
heartwood. The price of the Jeoksong timber was higher than Baeksong timber.

Among many researchers studied on Pinus densiflora forest, some researchers
insisted that the difference between Jeoksong and Baeksong was genetic
condition, but the others insisted that the difference between Jeoksong and
Baeksong was site condition.

Therefore, this research was carried out to study regarding on the existence of
Jeoksong and Baeksong, and the major differences of Jeoksong and Baeksong
among the Pinus densiflora for. erecta forest, and the difference between Pinus
densiflora for. erecta Uyeki and Pinus densiflora S. et Z..

If this research is accomplished, the overall questions on Pinus densiflora for.
erecta Uyeki will be clearly solved. Additionally, the results of this research will
be used as the guideline of the selection of reforestation species and the

determination of reforestation regions.

IIT. RESEARCH CONTENTS AND SCOPE

1. We investigated the differences between Jeoksong and Baeksong in Pinus
densiflora for. erecta Uyeki forest by morphological analysis and stem

analysis.

2. We investigated the differences between Jeoksong and Baeksong in Pinus

densiflora for. erecta Uyeki forest by physical analysis and chemical analysis.

And we carried out genetic analysis.

_10_



3. We investigated the differences between Jeoksong and Baeksong in Pinus
densiflora for. erecta Uyeki forest and the differences between Pinus
densiflora for. erecta Uyeki and Pinus densiflora S. et. Z. by vegetation

analysis, geological analysis, soil analysis, and climate analysis.

4. After considering of the above results, we will find out that Jeoksong and
Baeksong in Pinus densiflora for. erecta forest is either ecospecies or site

species. At the same time, we can decide their reforestation regions.

IV. RESULTS AND PROPOSALS

1. RESULTS

1) The timber called Jeoksong on timber trading and manufacturing indicated
more evenness than Baeksong in terms of an annual growth ring widths.
When we compared with heartwood width and sapwood width, Jeoksong had
more heartwood width than Baeksong. And the bark of Jeoksong indicated a

shape of the back of a turtle.

2) Jeoksong and Baeksong were originally called by timber traders and
manufacturers, Jeoksong generally tends to show even annual growth ring
widths. In the case of Baeksong, the annual growth ring widths of beginning
periods were wide, but the annual growth ring widths of middle and last

periods were suddenly decreased.

3) After investigation of observed height growth patterns, all data sets were

divided into site I (valley and lower sites) and site II (ridge and upper middle

_11_



4)

6)

7)

sites) in this region.

The results were summarized as follows. According to the model statistics,
Logistic, Gompertz, Weibull, Levakovic III, Chapman-Richards, and Hossfeld
functions can be recommended for site I areas (valley and lower sites).

While, Levakovic III, Hossfeld, Korf, Sloboda and Chapman-Richards functions
can be recommended for use over 200-year—old natural stands in Sokwangri.
The results of this research regarding height—-age growth function will provide

useful information for long-term growth and yield prediction studies.

According to the stem analysis, Baeksong mainly distributed in the valley
areas tends to grow fast in terms of volume, height, and diameter growth
rather than Jeoksong largely distributed above middle slope areas. We could
not directly compare Baekson with Jeoksong because the distribution of age

class was entirely different.

According to the results of physical properties between Baeksong and
Jeoksong, we could not find any physical differences. Jeoksong had many
heartwood and its density was high rather than sapwood. It was considered

that the increase of density was due to the narrowed annual ring widths.

According to the results of chemical properties, heartwood contained more
oxide chemical components than sapwood. The components of abstracted
chemicals were very complicated. Heartwood consisted of four components
and sapwood consisted of three components. But we could not find any

chemical differences between Jeoksong and Baeksong.

By the RADP analysis, there was no genetic variations between the sample

collected at middle slope and the sample collected at valley in Sokwang-Ri.

_12_



8)

Isozyme analysis was carried out by using of GOT, ACP, ADH, GDH, 6PDH,
IDH, LAP, MDH, PGI. According to the application of GOT, 6PDH, IDH,
MDH and PGI, there was not intra-individual variation, and According to the

application of ACP, ADH, GDH and LAP, there was intra-individual variation.

By phytosociological analysis (the method of ZM schools), P. densiflora for.
erecta stands were classified into 5 communities, 10 groups, 7subgroups, and
divided into total of 16 vegetation units. Out of 16 vegetation units,
Vaccinium koreanum community and FRhododendron micranthum community
were judged to be useful indicator units in determining the range of
afforestation and natural distribution of P. densiflora for. erecta stands.
And also P. densiflora for. erecta stands were classified into mountain type

forest and flat type forest.

10) By using of coincidence method, Quercus dentata community distributed

mainly below 100 meter at the sea level, while other communities distributed
above 350 meter at the sea level And Vaccinium koreanum and
Rhododendron micranthum communities distributed mainly above middle slope
areas, Quercus dentata community distributed mainly from lower slope to
upper slope areas, Acer pseudosieboldianum community distributed mainly
from valley to lower slope areas, and Typical community distributed mainly
above upper slope areas. And most of the communities tended to be more
distributed at southern aspects than at northern aspects, which meant that the
relic stands of Pinus densiflora for. erecta remained largely as patch phase

status at the southern aspects.

_13_



11) According to canonical correspondence analysis(CCA), variables such as
topography, clay, available P2Os, Ca%, and Mg%, were highly correlated on
first axis, variables including altitude, C, C/N ratio were highly correlated on
second axis, and topography and Mg2+ were highly correlated on third axis.
Based on the correlations between vegetation units and environmental factors,
Rhododendron micranthum community tended to be more distributed in the
following areas such as high altitude, upper topography, high C/N ratio, low
level of Mg2+ and Ca”. Vaccinium koreanum community tended to be more
distributed in the following areas such as high altitude, upper topography, high

level of Ca®" and Ma”',

12) According to the results of importance value analysis, the IV of Quercus
spp.(Q. mongonlica, Q. variabilis and Q. serrata and so on) highly showed in
the subtree layer, shrub 1 layer and shrub 2 layer. The results indicated that
the relic stands of P. densiflora for. erecta were predicted to compete
extremely with Quercus spp. for an occupation of the studied areas. The
species diversity of vegetation units showed about 0.7, but some units showed
above 0.8. As the result of the analysis of interspecific association, it was

divided into 2 groups.

13) By the result of geological analysis, the most parts of Uljin areas were
covered with Buncheon granite gneiss. And the parent rock of Uljin area has
greatly been weathered than one of the other regions, because granite gneiss

is generally more easily weathered than granite.

14) The soil texture of the region distributed P. densiflora for. erecta stands was
showed nearly as sandy loam, that is, sand, clay and silt was consisted of

72%, 13% and 15%, respectively. Whereas the soil texture of the region

_14_



distributed P. densiflora stands was appeared as sandy loam or loamy sand,
that 1is, sand, clay and silt was consisted of 74%, 169, and 10%,
respectively. The area of the former showed about pH 4.60 of soil acidity,
and the area of the latter showed from pH 4.5 to pH 4.91 of soil acidity, but
there was some differences among the regions. Soil of the former showed
that the contents of available phosphate, exchangeable calcium and
exchangeable magnesium were more abundant in the valley area than in the
slope area. The contents of available phosphate, carbon, total nitrogen,
carbon—nitrogen rate, base-exchange capacity were more abundant in the area

of the former than in the area of the latter.

15) According to the climate analysis, annual mean air temperature was lower
in the region distributed Pinus densiflora for. erecta stands than in the other
regions. Mean annual precipitation and number of daily precipitation in winter
season showed higher in the region of Pinus densiflora for. erecta stands than

in the region of Pinus densiflora stands.

Based on the above results, we could judge that morphological differences
between Pinus densiflora for. erecta Uyeki and Pinus densiflora S. et Z. and the
differences between Jeoksong and Baeksong were originated from @ site
environment difference rather than genetical difference. Therefore, Jeoksong type
and Baeksong type existing in Gumgangsong(Pinus densiflora for. erecta Uyek)
were judged not to be genetically fixed as ecotype species. After considering
these facts, we could recommend that afforestation to obtain of Jeoksong types of
wood require plantations above middle slope area, while afforestation to obtain of

Baeksong types of wood require plantations of valley area.

_15_



2. PROPOSALS FOR PRACTICAL USE

Morphological and genetical differences between Pinus densiflora for. erecta
Uyeki and Pinus densiflora S. et Z. and between Jeoksong and Baeksong have
been considered as one of important problems to be solved by forest science,
forest organization and forest field. @~ We could figure out those differences by
conducting of this ambitious project. Therefore, we will apply our research
results to classify plantation region specifically.

Our research results must be advertised to everywhere in the world by
publication of journals or pamphlet.

We have plan to held symposium on August, 2001 year in Uljin, in order to
inform our research results to the forest land owners, forest administrator, forest
researchers.

We will also plant seedlings or saplings of Jeoksong type and Baeksong type
existing in Gumgangsong(Pinus densiflora for. erecta Uyeki) in experimental
forest of Kyungpook national university, and we will plant those of Angang type
and Mt. Palgong in national forest of Uljin in order to provenance test for the
long term period research. Also, we will conduct research regarding natural

regeneration and plantations of Pinus densiflora for. erecta Uyeki.

_16_
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Fig. 2-1. Distribution of Pinus
densiflora for. erecta in south korea.
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Table 2-1. The characteristics of individuals of Pinus densiflora for. erecta
for R-Type in Sokwang-Ri

Mler,  WVer-d mbs] ss V= lamry Stel D Mirvimum  Measdd ouam
53 Altituds (m) =153 734, a2 144, 52 A5, 00 1ER1 0, O
Slegm (7] 55 3z a7 13, 38 ok, O 505, b
Drmarnic: layess (cm) 49 3,37 2,19 ¥, B 16k, Gy
Bark row (om) 58 9, 04 2, 40 2,20 13, 50
Bark colunm (cem) 58 18, 9 4,89 8. 30 A, Ok
Bark thick (em) 58 1,17 Ck, 44 k, B0 2, 8o
Herighat (m) 58 18,12 4, 34 6, Oy 32,
Crowrn Height (m) 58 11,97 4,02 3. O 24,
Crown widthe (m) 58 &, 834 1,95 3, 00 14, 0
B, ol bownch 538 13, 97 4, 5 2, 00 24, O
DEH (em) 58 42, 14 9. 749 16, O 6, O
P ([ v ) 58 191,12 42,83 1138, O 284, 00
Arrwanl ring width (em) 53 11 Ck, 03 Ok, 04 0, 22
Hemr-t wood length (cm) 5B 15,12 4. 8l 4, 82 29, 1
Sapr wood length (cm) =] 4,74 2, 5l 1, 68 16, 24
Corw langth (cm) 58 19, 54 5, 0& &, T 32, 9

Table 2-2. The characteristics of individuals of Pinus densiflora for. erecta
for SR-Type in Sokwang-Ri

My, Worei mks ] ons =N hamrs St D Mirvimmm M onm

ar Al tuder (m) 79 A2, 63 149, 75 A5, O SREL, O
Slogme (7] 74 31.33 13, 05 &, (i Gek, Ok
Corgaric Tayee (om) 71 1,95 1. 31 ¥, Gk £, O
Bark row (cm) ar &, 20 L A4, O 12, 5O
Boark columm (cm) ar 18, 21 4, 68 7. G5O 31,
Bark thick [cm) ar 1,21 ¥, 47 ik, Ak 2, G
Huight {m) ar 19, 46 4.12 12, (i Ack, Ok
Crowrs Hoight (m) ar 11,594 2, 96 i, Ok 18, O
Crewrn width (m) ar 7.33 2,04 3, Ok 12, (i
Mer, el Bawirech ar 19, 55 i, A0k &, (i 42, O
OEH (em) a7 45,03 g, 63 20k, O 4, O
Ager | =) ar 159, 74 a1, 26 FE. O FET, 00
Arvwam] rimg width (em) 87 0, 13 ¥, O ¥, O o, 28
Huma-t woodd longth (om) 69 14, 786 4, 3, Ok 23, 4%
Sopa woend lengths (em) o4 &, 37 2,804 2,10 19, 10
Ceoanr lomgith (em) ar 208, 81 4,77 g, 1k Ak, S
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Table 2-3, The characteristics of individuals of Piows densiflors Tor, erects

Radial growth (cm)

for W-Type in Sokwang-Ri

Py, Warei mks] s P, blpirs Siel D Mirvimum b omm
T8  Altvituds (m) 73 628, 29 191, 41 34k, O 1061, G
Slogm (%) 73 26, 58 a9, 50 ik, CiF A0, Oy
Ormarvic loves (om) ah 310 1. 28 1, 0k G, Oif
Boark o (em) 7a G, 28 1, 8k 2, Oip a9, 5
Bourk coxlunmy (cm) T 18, 44 5, 60 &, Ak 32, ik
Bork thick {(cm) Ta 1, 63 o, S8 b, 5 7. 30
Huright (m) 78 21,17 5, 48 11, 34, O
Crown Height (m) 7a 9,11 3, &1 2, O 18, G
Crown width (m) 7a 9, 28 2, 94 2, O 16,
My, el Emrmireck 7a ar. 94 17, 4 7. Ok a2, Ok
[EH (em) 7a 44, 72 11,79 13, 0 T, Ob
Agge [ v} 7a a9, 53 47, 51 28, 00 202, 00
Arwwam] i widths (em) 78 0, 24 11 o, 03 i, 53
HumrL wesoel lergiths (em) B3 11, 71 " 3.23 23,89
S wewnl lorgths (em) a3 a. 33 3. &5 1,892 18, 85
Cewrmr loreggths (em) 78 2017 5. 93 5, 20 32, 3

35

30

25

20

15

10

1 22 43 64 85 106127148169 190 211 232 253 274 295
Years(age)

Fig. 2-2. Radial growth of individuals of Pinus densiflora for.
erecta divided by 3 Types in Sokwang-Ri.
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2-3. Average ring width for each 50 years in individuals of Pinus
densiflora for. erecta divided by 3 Types in Sokwang-Ri.

Table 2-4. The characteristics of individuals of Pinus densiflora for. erecta

28

in Mt. Kumma

Vine-i mb | ;s Mo, Slunmn S1d Duaw Mlimimum  blesd mun
Altitude (m) 2&8 BRG, 26 25, 08 B30, OO0 AZ0, 00
Slopa (%) Za8 27,50 7. 64 &, 00 3k, 00
Orgaric laver [cm) 19 Z. 05 0, &8 1,00 4, 0o
Bk sow Lom) 19 7. 26 =, 00 3,650 10, Z0
Bk column [cm) 19 23,10 7. 00 o, 50 Ak, 00
Bamrk thick (ca) 19 1,86 0,72 o, 40 3, 20
Haight (m} 19 11,72 Z. 18 &, 00 16, 00
Crowrn Haight [(m) 19 4, 36 .30 1,00 &, oo
Croarn width [m) 19 a6l 1.77 A, 00 12, 00
Mo, af beanch 19 a6, 84 A, a3n Zh, 00 Bh, 00
OEH (cm) 19 A4F 26 A, 20 28, 00 53, 00
Agiie [ yhunme- Za 101, 67 Z1, 89 B4, 00 133, 00
Arram] sing width [enm)d 28 0,19 0, 05 0, o 0,35
Humet wood lengih (cm) 22 11,43 3,40 B 13 16, 98
Smpr wood lengih (enm) 22 7.0z 1.7 3.82 10, &R
Core length (em) z8 15, 44 3. 38 .72 23,80
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Table 2-5. The characteristics of individuals of Pinus densiflora

in Mt. Kaya

Mo, V-1 mb ] ms Mo, Slwamn S1d D Mimimunm  bleximum

20 Altitude (m) 20 63T, 00 38. 68 BEO, 00 G700, 00
Slopm (7] 20 34, 25 3, 38 20, 00 3k, 00
Orgmnic laver [cm) 0 1.36 [N ] 1, 00 3,00
Bark row [cm) Z0 A, 23 1,47 4, 00 L]
Bmrk column [cm) Z0 17, Of 4, T4 &, 30 Za8, 20
Humrk thick (cm) 20 1. 57 0, B2 0, &0 2,60
Huight (m} 20 12, 7% 1.89 10, 00 16, 00
Crown Height [m) 20 7. 30 1.03 &, 00 10, 00
Crown width [m) 20 &, 20 Z.17 &, 00 13, 00
Mo, of beanch 20 Z1.45 &, 03 13, 00 3Z. 00
OBEH (cmj 20 31. 85 &, T3 24, 00 44, 00
Agw [ e ) 20 113, 45 &, 46 29, 00 133, 00
Ariram] ring width (cm) 20 [ ey 0,03 0, 05 0 1a
Humet wood length (cm) 16 o, 33 3,01 4, 27 14, 29
Smpr wond length (cm) 16 4, 80 1. 63 Z. a7 8. 68
Cors length [em) 0 13, 88 2,91 a, B0 18, B0

Table 2-6. The characteristics of

in Sokwang-Ri

individuals of Pinus densiflora for. erecta

M, Ve i mba ] s M, Slumn Sid D Mimimun  bleximum

223 Altitude (m) 208 654, OF 170, 79 340, 00 1010, o0
Slogm (7] 207 20, 90 12, 21 0,00 &0, 00
Orgmnic layver [cm) 1T Z2.71 1.71 0, 5O 10, 00
Hork row [cm) 223 7,40 Z, 66 2,00 13, 50O
Bark column [cm) 223 1&, 47 &, OR &, an 32, 00
Hmrk thick (cm) 223 1,38 0,72 0, 40 7,30
Huight (m} 223 19, 71 4, B2 &, 00 34, 00
Crown Height (m) 223 10, 95 3,73 2,00 24, 00
Crown width [m) 223 7. 89 2, 68 2,00 16, 00
Mo, of beanch 223 24,53 15 09 2,00 9Z. 00
OBEH (cmj 223 44,17 10,49 13, 00 7o, 00
Age [ e ) Z2Z3 148, 54 54, 44 28, 00 284, 00
Arrum] sing width [em) 223 [ o, 0% o, 03 0, 55
Humet wood length (cm) 182 13, &l 4, 65 3, 00 Za, 0]
Smpr wond length (cm) 182 A, B2 342 1.6/ 19, 10
Corm length [cm) 223 20, Z8 &, 2T &, 20 3Z, 80
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Fig. 2-4. Radial growth patterns Yefansidigelduals of Pinus densiflora
spp. studied in Middle Slope, Upper Slope and Ridge
at 3 study sites.

250
gzoo fffffffffffffffffffffffffffffffffff - Mt. Kumma |---
o
= - Mt. Kaya
150 oo\ T
=
'g - Sokwang—Ri
2100 F
©
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0
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Fig. 2-5. Average ring width for each 50 years for individuals of
Pinus densiflora spp. studied in Middle Slope, Upper
Slope and Ridge at 3 study sites.
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Fig. 2-6. Location of 6 study sites in Sokwang—Ri.
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No. Species Heignt | DBH %re?gﬁ
(m) | (em) | (m)
1 Pinus densiflora for. 20 50 14
erecta
2 |P. densiflora f. erecta 30 36 20
3 |P. densiflora f. erecta 32 53 22
4 |Quercus mongolica 9 12 2
5 o mongolica 7 7 4
6 o mongolica 6 6 3
T | Acer pseudosieboldianum 7 8 1
8 |dead P. d f. erecta 29+10 | 40 5
9 |P. densiflora f. erecta 32 58 13
10 |p. densiflora t. erecta 32 52 20
1 | mongolica 6 6 4
12 |dead P. d. t. erecta 5 - -
13 | Quercus variabilis 8 13 5
15 |Q. variabilis 5 8 3
16 Q. mongolica 8 9 5
17 1Q. mongolica 10 13 6
18 |Styrax obassia 8 10 2
19 | mongolica 5 5 2
20 |A. pseudosieboldianum 4151342 15
21 |Q. mongolica 12 14 6
22 |Q. mongolica 6 5 4
23 A pseudosieboldianum 6 6 4
B : seedling and sapling of @. mongolica : 4
individuals
® : seedling and sapling of A..
pseudosieboldianum : 22 individuals
@ : seedling and sapling of Styrax obassia :
16 individuals
* : seedling and sapling of Acer mono :
2 individuals
¥ : seedling and sapling of Carpinus laxiflora
© 2 individuals
& : dead P. densiflora f. erecta : 2 individuals

Fig. 2-7. Diagrams show the spatial distribution of individual trees and

crown projection(left above), stand profile(left below) and legends

of individual trees(right table) at Site 1.
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Ho, 1 ;i P 4 for, arecca |73 years) 1

Ho 2 : F 4 for &resra |76 years) 1

Ho, 3 i P 4 for, arscca |74 years) e

Ko, B P 4 for, arasts LEZ years) N

Ho, 10 : P 4 for, arascta |74 years) |
Ko, 13 : Juarsus verlabilio L1EG years)

Ko, 15 : Suarspe veriabilis B0 yearsl
I I I I I
© © © © @© © ©
2 R 3 2 3 3 2
3 B 8 > 3 3 >

Years dated back from 1998

Fig. 2-8. Radial growth patterns and ages of major trees
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Radial growth (cm)

1 16 31 46 61 76 91 106 121 136 151
Years from pith

Fig. 2-9. Growth curves(line) of major individuals in competiton relationships
between each others show the early growth patterns by

accumulating the width of annual rings from pith to annual ring of
1998 at Site 1.

30
Site 1 : /nY=0.1667+0.7132/nX

€ (R°=0.9245)
= 20
=
o
O
%’ 10
©
[as

0 | | | |

1 21 41 61 81
Age(years)

Fig. 2-10. Growth curves(line) and regression lines(solid line) obtained from
the width of annual ring. Growth curves were made by ccumulating

the width of annual rings from pith to annual ring of 1998 for major
individuals of tree layer at Site 1.
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No| Species Heignt | DBH] C}fg;gkrllt
(m) |[(ecm)| (m)
1| P. d for. erecta 20 50 12
2| dead P. d f. erecta 9 46 -
3| P. d f erecta 20 58 10
4| dead P. d. f. erecta | 1.5 50 -
5| dead P. d. f. erecta 2 50 -
6| P. d f erecta 12 18 5
7| P. d f erecta 7 8 2
8| P. d f. erecta 7 8 4
9| P. d f erecta 11 16 3
10| Quercus mongolica 7 12 4
11| Q. mongolica 6 11 4
13| P. d. f. erecta 11 16 7
14| P. d. f. erecta 3 2 2
15| Betula schmidtii 8 11 3
16| P. d. f. erecta 5 6 4
17| P. d. f. erecta 4 5 3
o n g - —‘q 18| P. d. f. erecta 4 4 3
19| P. d. f. erecta 4 4 3
20| P. d f. erecta 3 3 25
21| P. d f. erecta 10 12 5
22| P. d f. erecta 7 8 4
) 23| P. d f. erecta 4 5 3
24| P. d f. erecta 4 4 3
25| P. d f. erecta 4 5 35
26| Q. mongolica 6 14+9 3
27| P. d f. erecta 5 5 4
28| P. d f. erecta 3 2 2
29| P. d f. erecta 3 2 2
30| P. d f. erecta 4 3 3
31| Q. mongolica 6 8 2
32| P. d f. erecta 4 4 3
33| Q. mongolica 3 6+4 1
34| Q. mongolica 5 7 3
35| P. d f. erecta 4 3 2
36| P. d f. erecta 4 5 2
37| Q. mongolica 7 5 4
38| P. d f. erecta 4 2 3
39| P. d f. erecta 3 2 2
& dead P. d. f. erecta : 19 individuals
A scedling and sapling of P. d. f. erecta :
7 individuals

Fig.~Z=1T. Diagrams show the spatal TEABTon of individual trees and crown projection(left
above), stand profile(left below) and legends of individual trees(right table) at Site 2.
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Fig. 2-12. Radial growth patterns and ages of major trees at Site
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Fig. 2-13. Growth curves(line) of major individuals in competiton relationships
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Radial growth (cm)

Fig. 2-14.

between each others show the early growth patterns by

accumulating the width of annual rings from pith to annual ring of
1998 at Site 2.

Site 2 : /nY=0.0482+0.5708/nX

(R?=0.9085) g

1 41 81 121 161 201 241
Age(years)

Growth curves(line) and regression lines(solid line) obtained from
the width of annual ring. Growth curves were made by
accumulating the width of annual rings from pith to annual ring of
1998 for major individuals of tree layer at Site 2.
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Fig. 2-15. Diagrams show the spatial distribution of individual trees and
crown projection(left above), stand profile(left below) and legends

No. Species Heignt | DBH ﬁg‘fﬁﬂ
(m) |(em)| (m)
1 | P df erecta 15 | 30 5
2 | P.d f. erecta 17 ] 30| 13
3 | P.d f. erecta 1 22 3
4 P. d f. erecta 9 12 7
5 | P.d f. erecta 8 14 4
6 | P.d f. erecta 16 | 22 8
7 | P.d f erecta 16 | 20 9
8 | P.d f. erecta 5 6 3
9 | P.d f. erecta 6 6 3
10 | P. d f. erecta 17 28 6
11 | P d f. erecta 6 5 4
12 | dead P. d 1. erecta| 4 70 -
1B | P d 1 erecta 8 16 4
14 | P d 1 erecta 14 | 26 6
15 | P d f erecta 12 | 18 4
16 | p. d f. erecta 12 20 5
17 | P. d f. erecta 7 10 4
18 | Quercus mongolica 9 10 5
19 | P d 1 erecta 9 20 3
20 | P d f erecta 9 1 6
21 | Q. mongolica 6 9+5 3
22-43| P. d 1. erecta 3 3] 15
44| P d f erecta 23 | 47| 12
& dead P. d f. erecta : 1 individual

A seedling and sapling of P. d. f. erecta :
6 individuals

of individual trees(right table) at Site 3.
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Wo, 30 ; F, 4 for, érecra (35 years)
Ko, 31 F. 4 for, érecra (31 years)

Ko, 32 : F, 4 for, arasta |24 years)

e

aracsts 144 years)

Ho, 44 : P 4 for, erecta (153 years)

1938
1958
1978
1908

Yoars dated back from 1998
Fig. 2-16. Radial growth patterns and ages of major trees at Site 3
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Fig. 2-17. Growth curves(line) of major individuals in competiton relationships
between each others show the early growth patterns by

accumulating the width of annual rings from pith to annual ring of
1998 at Site 3.
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Site 3 : /nY=-0.4261+0.6922/nX

€ (R°=0.8131)
=
2 B
@)
o)
%‘ 10
©
os

0 1 1 1

1 41 81 121
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Fig. 2-18. Growth curves(line) and regression lines(solid line) obtained from
the width of annual ring. Growth curves were made by
sccumulating the width of annual rings from pith to annual ring of
1998 for major individuals of tree layer at Site 3.
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. C
No| Species H(e[l];g)nt ]83]?]1})1 H}E;%E
1| P. d f. erecta 28 55 14
2| P. d f erecta 18 31 10
3| P. d f erecta 24 30 12
4| P. d f. erecta 30 58 14
5| P. d f. erecta 30 43 18
6| P. d f erecta 26 56 12
7| Carpinus laxiflora 6 5 2
8| C laxiflora 10 7 3
9| C laxiflora 8 7 3
10| C laxiflora 8 6 3
11| C laxiflora 4 3 2
12| Quercus mongolica 11 8 5
13| Quercus. serrata 12 11 7
14| Q. serrata 13 12 7
15| Acer pseudosieboldianum 3 4 1
16| dead P. d. f. erecta 15 60 -

M seedling and sapling of Q. mongolica :

4 individuals

©O seedling and sapling of Sorbus alnifolia :

21 individuals

& seedling and sapling of Maackia amurensis

: 4 individuals

m] seedling and sapling of

A. pseudosieboldianum : 13 individuals

@ scedling and sapling of Q. serrata :

5 individuals

¥ seedling and sapling of C. laxiflora :

7 individuals

@ seedling and sapling of S. obassia :

6 individuals

# seedling and sapling of Kalopanax pictus :

3 individuals

* seedling and sapling of A. mono

1 individual

Fig. 2-19. Diagrams show the spatial distribution of individual trees and
crown projection(left above), stand profile(left below) and legends
of individual trees(right table) at Site 4.
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©

— Years d.':rr.nd back from 1'-'.I'-TIFI
Fig. 2-20. Radial growth patterns and ages of major trees at Site 4.
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Fig. 2-21. Growth curves(line) of major individuals in competiton relationships
between each others show the early growth patterns by
accumulating the width of annual rings from pith to annual ring of
1998 at Site 4.

40
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— 2_
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<
3 20
O
®
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Fig. 2-22. Growth curves(line) and regression lines(solid line) obtained from
the width of annual ring. Growth curves were made by
accumulating the width of annual rings from pith to annual ring of
1998 for major individuals of tree layer at Site 4.
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No. Species Heignt | DBH %21);3
(m) | (cm) | (m)
1 | P.d f. erecta 14 51 10
2 | P.d f. erecta 16 44 7
3 | P. d f erecta 17 52 8
4 | P. d f. erecta 14 46 7
5 | P. d f. erecta 15 36 8
6 | P.d f. erecta 11 30 7
7 | P. d f. erecta 15 39 9
8 | P. d f. erecta 6 10 3
9 | P. d f. erecta 5 6 2
10 | P. d f. erecta 5 7 2
11 | P. d f. erecta 15 3 0.5
12 | P. d f. erecta 2 3 1
13 | P. d f. erecta 3 4 2
14 | P. d 1. erecta 7 13 3
15 | P. d f. erecta 3 6 1
16 | P. d f. erecta 2 3 1
17 | P. d. f. erecta 2 3 1
18 | P. d f. erecta 2 4 1
19 | P. d f. erecta 1 4 05
20 | P. d. f. erecta 4 8 1
21 | P. d. f. erecta 4 7 1
22 | P. d. {. erecta 6 13 2
23 | P. d f. erecta 2 8 1
24 | P. d f. erecta 3 6 1
25 | Quercus mongolica 2 5 0.5
26 | Q. mongolica 2 4 0.5

A scedling and sapling of P. d. f. erecta
19 individuals

B seedling and sapling of Q. mongolica :
6 individuals

Fig. 2-23. Diagrams show the spatial distribution of individual trees and
crown projection(left above), stand profile(left below) and

legends of individual trees(right table) at Site b.

_61_




L0, Ol e )

L4 i Pod for, aractas (130 years)

Bo, B : P 4 for, aracta (131 years) T e e

””"” | P for, arecta (B years)
i

||||||....|||||I|IIII||||I||II||||||I||||||II|||II|II||II|||I|l|mmll|JL c

— 0 o

Ko, 2 P 4 [for, arasts |36 years) |..|II||"|||||||I||||II||||"|I|||I .

— 0 o

Ko, 11 (P 4 for, arasts 125 years) ||||||||||||||||||"||||| .

Ko, 14 : F 4 for, arasta |28 years)

Wo. 15 i F. 4 for. arecta (31 yoars) L

Ko, 16 | P 4 for, arecta (43 years) il

Wo, 18 : F. 4 for, aracra (33 years)

x]
Rl
Iy

for, aracsta 145 years)

Ho, 1 : P 4 for, eracra (147 years)

Fig. 2-24. Radial growth patterns and ages of major trees at Site b.
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_62_



25

20

15

10

Radial growth (cm)

[ r—Mo.16
S Not6

No. 14
—
/NO. 18

No. 9, 11

1

Fig

30

20

10

Radial growth (cm)

Fig. 2-26.

21 41 61 81

Years from pith

101 121 141

. 2-25. Growth curves(line) of major individuals in competiton relationships

between each others show the early growth patterns by

accumulating the width of annual rings from pith to annual ring of
1998 at Site 5.

Site 5 : /n(Y)=0.1127+0.5930/nX
(R®=0.9093)

61
Age(years)

81

Growth curves(line) and regression lines(solid line) obtained from the
width of annual ring. Growth curves were made by accumulating

the width of annual rings from pith to annual ring of 1998 for major
individuals of tree layer at Site 5.
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Crown

No| Species Heignt | DBH | Hejght

(m) |[(em)| (m)
1| P d 1 erecta 20 41 15
2| P.d t. erecta 25 48 10
3| P d f erecta 23 37 16
41 P d f. erecta 23 39 9
5| P. d f. erecta 14 36 6
6| P. d f. erecta 23 62 7
7| dead P. d. f. erecta| 20 - 17
8| dead P. d f. erecta| 14 - 4
9| dead P. d f. erecta| 23 - 8
10| dead P. d. f. erecta - - -
1| p. d f. erecta 2 3 1
12| P. d 1. erecta 2 5 1
13| P. d 1. erecta 2 5 1
141 P, d 1. erecta 1 3 0.5
15 P. d 1. erecta 2 4 1
16| Quercus mongolica 2 3 1
17| Q. mongolica 3 3 1
18| @. mongolica 3 8 1

A scedling and sapling of P. d f. erecta :
52 individuals

& dead P. d. f. erecta : 4 individuals

Fig. 2-27. Diagrams show the spatial distribution of individual trees and
crown projection(left above), stand profile(left below) and legends

of individual trees(right table) at Site 6.
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Ko, 1 : P 4 o, arascs 11T years)

Ko, 2 : P 4 [or, arascs L1BD pears)

INS)

Ko, 2 : P 4 [for arascav L1EE yearsl

NS

Ro, 5 i F 4 for, sareccav L1446 years)

Ho, 6B : F 4 for, arasca |17F years)

Ho, 132 : P 4 fowr, aracts 142 years) —— 2 00

o

Ro, 4 i F 4 for, s&recca |15 years)

1818
1838
1858
1878
1898
1918
1938
1958
1978
1998

Years dated back ITrom 1596

Fig. 2-28. Radial growth patterns and ages of major trees at Site 6.

_68_



Radial growth (cm)

)
(&)}

No. 2
No. 6 No. 1
20 4
15
T No. 3
No.
10
No. 5
5
No. 13
0
1 21 41 61 81 101 121 141 161 181

Years from pi

th

Fig. 2-29. Growth curves(line) of major individuals in competiton relationships
between each others show the early growth patterns by
accumulating the width of annual rings from pith to annual ring of

Fig. 2-30. Growth curves(line) and regression lines(solid line)

Radial growth (cm)

30

20

10

1998 at Site 6.

(R°=0.893

Site 6 : /nY=-0.3760+0.6673/nX

3)

81 101
Age(year

121
s)

obtained from

the width of annual ring. Growth curves were made by
accumulating the width of annual rings from pith to annual ring of

1998 for major individuals of tree layer at Site 6.
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Qe el AFRAT BAI A ok 1007 o]l Fel% A
Eo] A& 5 o] ¢ko v (Elfving 3 Kiviste, 1997), & AFoA= 33 A4 AFE
Sed BHAS EHE 18709 NAPAFHES A SATHE 2-7)
Table 2-7, Nonlinear growth funscticons selected for compari son
Nz otk furctilion
Functions of itvwe parascstiees
Schumacher Y=aexp(—b/D
Sirand Y=a/(1+b/D3
Functicns of ihres paremeiers
Yield tabla Y= at’exp(—c/D
Hossfald Y=a/(1+b/t+ /D)
Hossfeld 11 Y=a/(1+b/t)
Hossfeld 14 Y=5/(82+*/b1)
Lewabonic 1 Y=a/(1+b/£)°
Koef Y= a(exp(— b/t))
Logisiic Y=1a/(1+ bexp(—cp)
lromprie Y= aexp(— bexp(— ct)
Borialanf fy Y=a(l— exp(— &)

Chisgamar-Bi chaeds
Wikl 1
Exponential tyme
Lewvabonic 111
Lewabooncic: 11

Toderowic
51 oboda

Y=a(l—exp(—b))°
Y= a(1— exp(— bt%)
Y= aexp(—b/(t+ )
V=al(#1(h+ )¢

Functicns of four peraneicrs

Y=a/(1+b/t)"
Y=a(l— exp(— b?)?
Y= next( — Mexn( — ot

Ml

T=total tres height (@),

[ [;:.-r:_ b, & b o, dopareseiers io be esiioaied,

sxprbase of the natural ogaritho,
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Fig. 2-31. Plotting of tree height against age using site I (lower area)
data sets.
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Fig. 2-32. Plotting of tree height against using site II (above middle)

data sets.
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Fig. 2-33. Plotting of tree height against age using all combined
data sets.
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Fig. 2-34. Observed height growth pattern of 98 years old pine tree Resulting
from stem analysis.
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Fig. 2-35. Observed height growth pattern of 224 years old pine tree resulting
from stem analysis.
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Table 2-8. Parameter estimates and fit statistics for growth functions fitted to
the stands of Pinus Densiflora at site I (Valley and Lower area).

Estimated parameters

Eq. a b c d RMSE R?
Shumacher  44.46090 39.55393 3.88314 0.82605
Strand 50.88213 1857212 3.83248 0.83099
Yield table 9.21084 0.31363 23.44747 3.87537 0.82820
Hossfeld | 42.60829 24.93600 1621.63248 3.82988 0.83221
Hossfeld Il 39.86746 705.52177 1.67225 3.81968 0.83310
HossfeldlV  39.86862 17.69767 1.67224 3.81968 0.83310
Korf 74.87860 13.77418 0.59556 3.85748 0.82978
Logistic 29.33386 12.16380 0.06454 3.77157 0.83728
Gompertz 31.45883 3.37723 0.03974 3.78266 0.83632
Bertalanffy  30.46554 0.04135 3.86217 0.82836
Richard-Chp  34.04556 0.02690 1.79984 3.81191 0.83378
Weibull 31.19789 0.00246 1.53792 3.79573 0.83518
Exponential  52.96746 60.26960 10.55621 3.83436 0.83181
Levakovic Il 37.73227 3645.79530 0.72116 3.80960 0.83398
2) AHRAFH ol AFAd A Fug T =4
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Table 2-9. Parameter estimates and fit statistics for growth functions fitted to
the stands of Pinus Densiflora at site II (Middle) area.

Estimated parameters

Eq. a b c d RMSE R
Shumacher 24.48864 38.57445 3.48437 0.66432
Strand 25.42942 15.57671 3.51085 0.65920
Yield table 54.46216 -0.14168 51.16855 3.47423 0.66698
Hossfeld | 20.72052 -2.12834 2285.58822 3.46821 0.66813
Hossfeld |l 20.66643 3461.93868 2.11950 3.46729 0.66831
Hossfeld IV 20.66813 166.92931 2.11862 3.46729 0.66831
Korf 22.05023  131.33012 1.35238 3.47150  0.66750
Logistic 19.19328 12.01202 0.05247 3.51473 0.65917
Gompertz 19.47406 3.64684 0.03602 3.48898 0.66415
Bertalanffy 19.46030 0.03452 3.48594 0.66402
Richard—Chap. 19.73112 0.02872 2.19353 3.48144 0.66560
Weibull 19.53136 0.00245 1.48035 3.49335 0.66331
Exponential 23.66982 32.36286 -4.99900 3.47865 0.66613
Levakovic Il 20.80231 1719.03527 1.19831 3.46697 0.66837
Levakovic I 20.31421 47.57044 2.13232 53.16120 3.5290 0.65712
Todorovic 24.07226 1.19618 0.27250 25.17397 3.52576 0.65776
Sloboda 20.91784 176.61902 2.02363 0.26238 3.47398 0.66774
AE ST 2GYAY AAEdd A= a4 EY =HAdTAA T AT
Ng FA4F A eletdl, thgat o] geoke 4 9l

YFE ol 100 ofstolm A 97 Fa Aol whE AP B Ao 91X (site
Dol = Logistic?], Gompertz2], Weibull?], Levakovic III%], Chapman-Richards?]
Hossfeld?] =02 2gtdo]l A vetwrh whddl 9l&o] 200 ¥ =99
FAAUFE HA dE YA (site oA = Levakovic 112, Hossfeld?], Korf2],
Sloboda?], Chapman-Richards?] =X o & eyt gdog ol AAIFAES
Ag&gorn ZEdY FuY FA F&F ARE ATT F US AoRE AR

e},
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Aok gL Aot FF Aok QAT 1 ol A9 Folol s

Table 2-10. Description of stem analysis trees

Slope . Stem .
No. of . DBH Height Age Alitude
individual Region de(gor)ee Aspect (cm) (m) (years) V(()inu?r)ne (m)
1 Uljin Sokwangri 20 S 37.20 275 100 1.0876 630
(Valley)
2 Uljin S(ok)wangri 20 S 45.41 29.0 95 2.0021 640
A%
3 Uljin S(ok)wangri 20 S 46.11 24.5 98 1.6463 650
Vv
4 Uljin S(ok)wangri 25 S40W 50.88 29.0 88 2.3448 55
A%
5 Uljin Sokwangri 40 S7T0W 40.77 17.2 189 1.1080 870
(Slope)

6 Uljin S(ok)wangri 45 N8OW  25.76 19.0 227 0.5627 790
S

7 Uljin S(ok)wangri 40 S7T0W  26.28 17.0 194 0.6155 330
S

8 Uljin S(ok)wangri 45 N8OW  35.62 199 202 0.9116 790
S

9 Uljin S(ok)wangri 45 N6OW  48.40 22.9 224 1.7335 330
S

10 Anmyeon do 10 N30W  53.31 20.9 71 1.9745 100
11 Anmyeon do 5 NIOW  34.92 22 83 0.9315 95
12 Injae-Gun 35 NI1OW  43.07 17.3 54 1.1974 630

Seoho—myean

13 Kangnung- City 30 N6OW 3841 18.5 72 1.1281 550

Sengsam-Meon

14 Hongcheon—-Gun 30 S20W 44.41 27 72 2.1104 780
Unduryeong

15 Hongcheon—Gun 35 S1I0W 43.36 26 88 1.7727 610
Unduryeong
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Table 2-11. Volume growth of Pinus densiflora by regions (Unit : m")
Region Uljin Uljin
Age Sokwangri Sokwangri  Anmyeon do Daekwanyeong Hongcheon
(Slope) (Valley)
5 - 0.001 - 0.0004 0.0011
10 - 0.0015 0.0027 0.0043 0.0104
15 0.0006 0.0078 0.0298 0.02 0.0313
20 0.0021 0.0222 0.0956 0.0656 0.0741
25 0.0055 0.0496 0.1796 0.1297 0.139
30 0.0105 0.0944 0.2785 0.2115 0.234
35 0.0175 0.1529 0.4105 0.3056 0.38
40 0.0239 0.2199 0.541 0.4001 0.5201
45 0.0312 0.3149 0.6905 0.509 0.6963
50 0.0421 0.4063 0.8605 0.6117 0.9138
55 0.0569 0.5329 1.1008 0.7233 1.1253
60 0.0745 0.5438 1.3448 0.8382 1.3676
65 0.0882 0.7824 1.6054 0.9709 1.6334
70 0.1026 0.931 1.8383 1.0383 1.8783
7 0.1181 1.0788 - - -
80 0.1351 1.2081 - - -
85 0.148 1.3218 - - -
90 0.1597 1.4268 - - -
95 0.1785 1.5008 - - -
100 0.1967 - - - -
105 0.2136 - - - -
110 0.2287 - - - -
115 0.2409 - - - -
120 0.2532 - - - -
125 0.2639 - - - -
130 0.2732 - - - -
135 0.2831 - - - -
140 0.2925 - - - -
145 0.301 - - - -
150 0.313 - - - -
155 0.3258 - - - -
160 0.3398 - - - -
165 0.3573 - - - -
170 0.3761 - - - -
175 0.3881 - - - -
180 0.4018 - - - -
185 0.4169 - - - -
190 0.4314 - - - -
195 0.444 - - - -
200 0.4557 - - - -
205 0.4704 - - - -
210 0.4849 - - - -
215 0.4975 - - - -
220 0.5102 - - - -
225 0.5208 - - - -
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Fig. 2-36. Total volume growth curves of Pinus densiflora by regions.
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Fig. 2-37. Mean volume growth curves of Pinus densiflora by regions.
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Fig. 2-38. Annual volume growth curves of Pinus densiflora by regions.
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Table 2-12. Height growth of Pinus densiflora by regions (Unit : m)
region Uljin Sokwangri Uljin Sokwangri Anmyeon do Daekwanyeong Hongcheon
Years (Slope) (Valley)
5 0.6 1.87 0.8 0.8 0.8
10 1.4 5.2 2.4 2.7 4.4
15 2.5 7.7 6.4 5.2 6.4
20 3.95 10.2 10.4 9.2 10.4
25 5.55 11.4 11.8 12.2 12.4
30 6.55 14.4 12.8 13.8 16.4
35 7.45 16.4 14.4 14.8 18.4
40 8.05 18.4 15.8 15.6 20.4
45 8.8 20.4 16.8 16.3 23.8
50 9.75 22.4 18.4 16.9 24.8
55 11.6 24.4 19.8 17.5 25.5
60 12.85 26.4 20.3 18 26
65 13.55 27.8 20.6 18.3 26.4
70 13.85 28.31 20.85 18.4 26.8
75 14.25 28.5 - - -
80 14.9 28.7 - - -
85 15.1 28.89 - - -
90 15.65 - - - -
95 16.15 - - - -
100 16.45 - - - -
105 16.8 - - - -
110 17 - - - -
115 17.25 - - - -
120 17.35 - - - -
125 17.45 - - - -
130 17.55 - - - -
135 17.6 - - - -
140 17.75 - - - -
145 17.9 - - - -
150 18 - - - -
155 18.1 - - - -
160 18.2 - - - -
165 18.25 - - - -
170 18.3 - - - -
175 18.35 - - - -
180 18.35 - - - -
185 18.45 - - - -
190 18.55 - - - -
195 18.6 - - - -
200 18.6 - - - -
205 18.75 - - - -
210 18.8 - - - -
215 18.85 - - - -
220 18.9 - - - -
225 18.95 - - - -
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Fig. 2-39. Height growth curves of Pinus densiflora by regions.
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Table 2-13. Diameter growth of Pinus densiflora by regions (Unit : cm)

Region Uljin Uljin Anmyeon do Daekwanyeong Hongcheon
Age Sokwangri  Sokwangri
(Slope) (Valley)
5
10 2.764654 4.223079 4.653606 7.65498
15 1.596174 6.181954 13.73081 10.58782 13.59093
20 3.192348 9.375398 24.62457 19.808 21.23571
25 4.788521 12.61886 33.69023 28.14883 29.25835
30 6.078049 15.43427 42.03426 35.97593 38.07468
35 7.401153 18.30388 51.05261 43.42062 48.58508
40 8.370406 20.68878 58.52758 49.69974 56.91652
45 9.238524 23.64816 66.21717 56.20708 65.85063
50 10.15799 26.20352 73.94265 61.61313 75.46881
55 11.23008 28.95197 81.92742 66.97276 83.71928
60 12.20838 31.25812 90.69442 71.99611 92.27486
65 12.76939 33.50064 99.23273 77.64036 100.9067
70 13.40216 36.01132 106.3284 80.2385 108.1459
75 13.96082 38.15824 - - -
80 14.716 39.71234 - - -
85 15.18464 41.00645 - - -
90 15.59846 42.06455 - - -
95 16.23867 42.7107 - - -
100 16.85457 43.40595 - - -
105 17.4122 - - - -
110 17.95252 - - - -
115 18.33864 - - - -
120 18.7508 - - - -
125 19.05406 - - - -
130 19.25359 - - - -
135 19.48378 - - - -
140 19.71129 - - - -
145 19.8722 - - - -
150 20.12699 - - - -
155 20.40981 - - - -
160 20.65797 - - - -
165 21.0247 - - - -
170 21.47432 - - - -
175 21.79815 - - - -
180 22.05956 - - - -
185 22.37492 - - - -
190 22.68589 - - - -
195 22.93719 - - - -
200 23.13076 - - - -
205 23.35001 - - - -
210 23.56722 - - - -
215 23.75566 - - - -
220 23.94261 - - - -
225 24.07525 - - - -
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Fig. 2-41-1. Stem analysis of Individual 1.
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Fig. 2-41-2. Stem analysis of Individual 2.
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Fig. 2-41-3. Stem analysis of Individual 3.
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Fig. 2-41-4. Stem analysis of Individual 4.
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Fig. 2-41-7. Stem analysis of Individual 7.
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Fig. 2-41-10. Stem analysis of Individual 10.
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Table 3-1. Chemical composition of Pinus densiflora for. erecta

Moisture Cold-water Hot-water Alkali Solvent  Lignin  Ash
content extractive extactive extractive extractive content content

(%) (%) (%) (%) (%) (%) (%)

No.l HW 7.1 4.7 5.7 274 13.0 255 0.43
SW 7.8 0.2 1.6 20.7 9.5 23.9 0.39

No.2 HW 7.2 4.0 4.4 236 13.7 22.3 0.40
SW 6.3 0.4 15 16.3 9.2 20.0 0.35

No.3 HW 6.9 11 3.9 23.5 13.0 24.6 0.46
SW 79 0.1 0.4 184 41 22.0 0.36

No.4 HW 6.7 2.3 3.9 24.6 13.0 26.0 0.48
SW 6.6 1.9 3.1 23.6 6.0 24.2 0.40

No.5> HW 7.3 4.7 6.2 21.1 115 26.2 0.45
SW 6.3 0.01 0.1 174 9.5 24.3 0.38

No.6 HW 7.6 1.2 3.0 16.7 6.0 224 0.39
SW 79 0.3 2.0 159 3.2 16.7 0.30

No.7 HW 7.8 1.2 2.5 22.3 12.6 28.0 0.45
SW 8.0 0.3 1.3 16.5 5.1 21.0 0.32

No.8 HW 7.6 2.7 2.9 22.0 8.3 25.0 0.44
SW 7.0 12 3.2 20.0 6.4 20.6 0.36

No.9 HW 7.6 11 3.0 25.7 11.0 25.0 0.42
SW 7.2 0.5 29 172 3.0 18.0 0.36
No.10 HW 6.8 0.1 3.5 20.2 9.5 24.0 0.40
SW 6.9 0.9 3.8 191 5.7 22.0 0.39
No.11 HW 5.7 2.3 5.6 185 6.0 26.0 0.41
SW 5.7 12 49 124 4.0 21.7 0.36
No.12 HW 7.6 0.3 26 23.6 9.8 22.0 0.41
SW 8.1 0.1 2.2 17.0 3.4 19.3 0.31

* HW @ Heartwood , SW @ Sapwood
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Table 3-2. Chemical composition of heartwood in Pinus densiflora for. erecta

% No.l No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12

Cold-water 47 40 11 23 47 12 12 27 11 01 23 03
extractive

Hotwater 57 44 39 39 62 30 25 29 30 35 56 26
extractive

Alkali

. 274 236 235 246 21.1 167 223 220 257 202 185 236
extractive

Solvent extractive 13.0 137 130 130 115 6.0 126 83 110 95 6.0 9.8

Lignin 955 223 246 260 262 224 280 250 250 240 260 220
content

Ash
content

043 040 046 048 045 039 045 044 042 040 041 041
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Table 3-3. Chemical composition of sapwood in Pinus densiflora for. erecta

% No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10 No.11 No.12
Cold-water 02 04 01 19 001 03 03 12 05 09 12 01
extractive
Hot-water

: 16 15 04 31 01 20 13 32 29 38 49 22
extractive

Alkali

; 207 163 184 236 174 159 165 200 172 191 124 170
extractive
Solvent 95 92 41 60 95 32 51 64 30 57 40 34
extractive
Lignin 239 200 220 242 243 167 210 206 180 220 21.7 193
content

Ash 039 035 036 040 038 030 032 036 036 039 036 031

content
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Fig. 3-20. Thin Layer chromatogram of sapwood.
Mobile phase : Methanol/Benzene(2:8, v/v)
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Table 3-4. Chemical composition of Pinus densiflora for. erecta

Moisture Cold-water Hot-water Alkali Solvent  Lignin  Ash

content  extractive  extactive extractive extractive content content
(%) (%) (%) (%) (%) (%) (%)
No.l HW 104 2.3 29 18.0 9.0 254 0.40
SW 10.9 0.8 1.7 136 5.1 22.1 0.38
No.2 HW 11.3 2.3 2.8 16.7 10.1 21.9 0.40
SW 10.8 0.6 1.1 139 7.2 20.8 0.32
No.3 HW 9.5 29 4.8 20.2 10.8 235 0.41
SW 9.3 0.7 1.3 15.7 8.0 21.1 0.34
No.4 HW 114 2.1 2.7 16.3 9.8 22.8 0.42
SW 11.3 0.7 1.0 12.8 7.4 215 0.38
No.5 HW 114 41 6.2 20.0 135 26.1 0.45
SW 8.4 0.9 4.9 181 9.5 24.8 0.38
No.6 HW 11.0 3.8 6.2 20.6 141 25.3 0.49
SW 10.7 0.8 4.9 159 8.9 22.3 0.35

* HW @ Heartwood , SW : Sapwood
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Table 3-5. Chemical composition of heartwood in Pinus densiflora for. erecta

No.2 No.3 No.4 No.b No.6

No.1

%

3.8

41

21

2.9

2.3

2.3

Cold-water
extractive

6.2

6.2

2.7

48

2.8

29

Hot-water
extractive

20.6

20.0

16.3

20.2

16.7

18.0

Alkali
extractive

101 10.8 9.8 135 141

9.0

Solvent extractive

25.3

26.1

22.8

23.5

219

254

Lignin

content
Ash
content

0.49

0.45

0.42

0.41

0.40

0.40
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Table 3-6. Chemical composition of sapwood in Pinus densiflora for. erecta

% No.1 No.2 No.3 No.4 No.b No.6
Cold-water 08 06 07 07 0.9 08
extractive
Hot=water 17 11 13 10 49 49
extractive

Alkali 136 13.9 15.7 12.8 18.1 15.9
extractive

Solvent 5.1 72 80 74 95 89
extractive

Lignin 2.1 20.8 211 215 24.8 223
content

Ash 0.38 0.32 0.34 0.38 0.38 0.35

content
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Fig. 3-22. IR-spectra of alcohol-benzene extracts of Sample No. 1.
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Fig. 3-24. IR-spectra of alcohol-benzene extracts of Sample No. 3.

(Above; Heartwood, Below; Sapwood)
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Fig. 3-25. IR-spectra of alcohol-benzene extracts of Sample No. 4.

(Above; Heartwood, Below; Sapwood)

- 141 -



B AFERETROATARN S DT

£l w
.
< =
= - §
8 H
-
&
-3 e
L "~
H g
L] -
-
.
pe -3

a

H

e

i T T T U T T
apoe 00 =3ac mmos [ 111 e L. FL-1-1-1 oo
P e .
B W I T SO, T I s
1 A\

]
i
sona
R
P
1800, P
iddi. i
R —————
UL N

="
s — At
£
=
-
o
-
=
-
-
-
=
T T T T T
400c amc aDag a/005 =OOS LL =] EDCD noo

Fig. 3-26. IR-spectra of alcohol-benzene extracts of Sample No. 5.
(Above; Heartwood, Below; Sapwood)
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Fig. 3-27. IR-spectra of alcohol-benzene extracts of Sample No. 6.
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- 143 -



= = =

L= L= = o e =
= = = s =

= T = = o s~ = =

fh 1 b ag 38 A o M & &

Fig. 3-28. Thin Layer chromatogram of Pinus densiflora for. erecta.
Mobile phase : Methanol/Benzene(2:8, v/v)

F71 84 FE22S AHFTHF EAE ol&ste] wF AZvE IHI(TLOE
gt A= a2y 3-289 YERHAT
A7 vl Methanol : CHCI3 &

ethylacetate & AF&3IAE A8 7/t 5 A=2 FAAEAI T4 Aol7t

5 Methanol : ether %%, Methanol :

He AL Holal ¢ om Methanol : Benzene(2:8, v/v) E£3-&ujo] osf /M AH
S W AAY Afe e JHAAA REA 0529 0559 33 bend$t RfA 0.71¢]
bend7} WO, MAME 3, 5, 6o A1 RfA| 0.789] 3E bendE 1E}

A5 BE MACA RfA 0577 0619 3= bends ztal JiA|W
% 33 5elME RfA] 0.70¢] 8% bendE Holi dth. A - WAz TLC AN
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A FEAEY A vl BRst v Ao dnkHolx vt A
M Z2A 457 A MEE Y], A4 4FFE TR F de 5 4
shtEe 749 Aem 5T 4 k. &, MA = T.L.C A7 &2l 9o
Al efgbel ZpolE Holal glou olFo] F=F e At 545 yehdls Aow
2 4 gl

ool A3 AE Tt thed 22 AES UE F Ak A, AAVE WA
o B2 F24ES et ddew, A4, AA FEE2 WA 2 v
ArstES wWol Feta Aa, A, FEAAE 7S vig BFea 2A AA
45, WA 3TFE FEEHE FER FAE doy AT Solgh Aol
KolA] %Skt
4, Zuid
AW 41, 1966, MalitR, No.185, pp. 57~197.

MK HE b, 1968, MR, No.216, pp. 1~47.
HEA G SF, 1969, MRaliTH, No.220, pp. 199~230.
AW 41, 1973, HRalitHER, No.256, pp. 23~84.
A SF, 1977, PRaABHR, No.291, pp. 117~167.

MRAEBAL 1905, 5 Aot A
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] 3 H RAPD(Random Amplified Polymorphic DNAs)S o|&
W e fa4 by 84

o AuFEd vls| F3teo]l A etal FuvF HFow WUt #i FI7F 42 T
A dol & Ao Ayt sty AU =2

A7 A Ak AU (Pinus densiflora S. et Z)9F2] A 3A= 28 F42UF
o A FiAzre] FARAE W e AAE gt AU FEo &
Ao 2uFEd FHA S-o] g2A Hol= o] ©hx A 3
A FAA Aolo] FdE=AE WAl gAY HE &
AL rEst7l S8 A2 Ee] T wWe] #Ad dy AHE¥ = RAPD(Random
Amplified Polymorphic DNA)¥H (Williams et al., 1990; Welsh and McClelland,
1990)& AFg3x, Z3¥=  UPGMA(unweighted pair-group method with

=

arithmetic average) A =& 243t} o] FAEE EX5te] F AT AW

AUFETre] §07 elsh FAAUTE Uo HEd WEzre] §14 FolE

.

El

Ao AR&E total DNAE 3% 3-7¢ debdl uhel Zo] 231 A9 F44auT
At T2 Ao Ay 270 (Tablel) & AMEslgom s A& A7 s
MA F 3gy A& AMFATF] HA DA Sea sandE AFE3Fe] EHEAT. 2x
CTAB methodE ®W&83sle] Hi 25 mo] E43 A58 ¥ 3500 rpmo & 10+

o AAZYstel AR & oFA AES AAS7] el 1% PVP(Polyvinyl
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ki3
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1}. RAPD

o=

Operon 9] 10-mer primer Kit A, C, 19 60F S A Eldte] 12} PCR¥$S 43
3 & wkSo] dojuk 44709 Primer % patterne] Ao AlgE 4 = 14F9
Primer(3%2)& 77t AH&3te) Sample DNA® PCRuHES F3d3t%ith.  PCR
template DNA 10 ng, Ex Taq polymerase(TAKARA) 0.2 ¢, 1x PCR buffer 2.5
w, 25 mM dNTP, primer 10 pmol& &334 GeneAmp PCR System 24005 A}
g3 e, dhgx1& 94 TColA 583t pre-denaturation ¥ $ 94 TolA 123t
denaturation, 36 CeollA] 1%7F annealing, 72 ColA 2%3F extentiondt= FAS 45
5] WkE-3 5 72 Coll A 5837 extentiond} AT},

ZZ3% SampleES NuSieve GTG: SeaTem GTGE 3 : 12 £33}

2

Ey_}_.

it

2%
Agarose geldlAl 7|95 s & Zt7}e] Sample DNAv®CE randomdhAl WERH
2
g

band®] patterng ZAbstATH1E 3-29).

Fig 3-29. Patterns of DNA fragments synthesized by OPA1 primer.

A AFEE 1470 ZHZEe] primere] digk 7]

o2

9 ZAye= 22 =Z7]9 band
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9] FHARE FASIY 59 =719 bandd #FE band® =3 1, H|EES 02
2 EAEe] 3 E S (Table 3) A3 & IBM PC Pentium ME A& PAUP 4.0bda
version® 2 UPGMA (unweighted pair-group method with arithmetic average) 44

(19 3-305 EAUh

Table 3-8. List of 14 decamer primers used for RAPD analysis

Operon primer  sequence(5’ to 3’) Operon primer sequence(5’ to 37)
kit number kit number
OPA 1 CAGGCCCTTC OPC 6 GAACGGACTC
OPA 4 AATOLLGCTG OPC 13 AAGCCTCGTC
OPA 8 GIGACGTAGG OPC 16 CACACTCCAL
OPA 9 GLGTAACGEC OPC 20 ACTTCGCCAL
OPA 12 TCGLCGATAL OPI 7 GTCCCGACEA
OPA 18 AGGTGACCET OPI 8 TTTGCCCGET
OPA 19 CAAACGTCGG OPI 15 TCATCCGALG

3. 43 4 3z

< FA3sEaL(3E 3-9), PAUP 4.0bda version®.2 UPGMA®AS A Alste] 19 3-30

o Ane A,
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Table 3-9. RAPD data matrix for 9 accessions from pinus

P5__P6___P2___P8___Pil__Pi5

P

Operon Primer

OPA1-1

OPA1-2

OPA1-3

OPA1-4

OPA1-5

OPA1-6

OPA1-7

OPA1-8

OPA1-9

OPA1-10

OPA1-11

0
0
0
0
0
0
0

OPA1-12

OPA1-13

OPA1-14

OPA1-15

OPA1-16

OPA1-17

OPA1-18

OPA4-1

OPA4-2

OPA4-3

OPA4-4

OPA4-5

OPA4-6

OPA4-7

OPA4-8

OPA4-9

OPA4-10

0

OPA4-11

OPA4-12

OPA4-13

0

OPA4-14

OPA12-1

OPA12-2

OPA12-3

OPA12-4

OPA12-5

OPA12-6

OPA12-7

OPA12-8

OPA12-9

0

OPA12-10
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Table 3-9. Continued

P5 P6 P2 P8 Pil P15

Pi

Operon Primer

0
0
0
0
;
1
1
1
1

OPC16-1

OPC16-2

OPC16-3

OPC16-4

OPC16-5

OPC16-6

OPC16-7

OPC16-8

OPC16-9

0
0
0
0
0

OPC16-10

0

0
0

1

15-11

15-12
15-13
15-14

0
0
0

1

15-15
15-16

OoP

OP

OP

OoP

OoP

OoP
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Table 3-9. Continued

P15

P5 P6 P2 P8 Pl

Pi

Operon Primer

OPA9-1

OPA9-2

OPA9-3

OPA9-4

0
y
y
1

OPA9-5

OPA9-6

OPA9-7

OPA9-8

OPA9-9
OPA9-10

0
0
y
y

OPA9-11

OPA9-12

OPA9-13

0
0
y
1

OPA9-14

OPA9-15

OPA9-16

OPC6-1

0
y
1

OPC6-2

OPC6-3

OPC6-4

0
0
0

1

OPC6-5

OPC6-6

OPC6-7

OPC6-8

0

1

OPC6-9
OPC6-10

0

OPC6-11
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Table 3-9. Continued

P15

P5 P6 P2 P8 Pl

P1

Operon Primer

0

1

OPC13-1

OPC13-2

0
0
1
1

OPC13-3

OPC13-4

OPC13-5

OPC13-6

0
0
0

1

OPC13-7

OPC13-8

OPC13-9

OPC13-10

0
0
0
0
y
y

OPC13-11

OPC13-12

OPC20-1

OPC20-2

OPC20-3

OPC20-4

0
0
0
0
0
0
0

1

OPC20-5

OPC20-6

OPC20-7

OPC20-8

OPC20-9

OPC20-10

OPC20-11

OPC20-12

0

OPC20-13
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Table 3-9. Continue

P5_P6 P2 P8 _PI1__PI5

Pi

Operon Primer

OPI7-10

0
0

1

OPI7-11

OPI7-12

OPA8-1

OPA8-2

y
1

OPA8-3

OPA8-4

OPA8-5

1

OPA8-6
OPA18-1

1

OPA18-2

OPA18-3

0
1
1

OPA18-4

OPA18-5

OPA18-6

OPA18-7

1
1
1
1
0
1
0
0
0
1

OPA18-8

OPA18-9

OPA18-10

OPA18-11

OPA18-12

OPA18-13

OPA18-14

OPA18-15

OPA18-16

OPA18-17
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Table 3-9. Continued

P5 P6 P2 P8 PI1 P15

Pi

Operon Primer

0
1
1
0
1
1
1
1
0
1
0
0
0
1
0
0
1

OPA19-1

OPA19-2

OPA19-3

OPA19-4

OPA19-5

OPA19-6

OPA19-7

OPA19-8

OPA19-9

OPA19-10

OPA19-11

OPA19-12

OPA19-13

OPA19-14

OPA19-15

OPA19-16

OPA19-17
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Fig. 3-30. UPGMA tree of 9 samples of Pinus based on RAPD data.

Table 3-10. Pairwise distances between samples

Sample 'py  p5s P P2 P8 Pl PI5 Pa Pb

code
P1 - 0.24490  0.28488 0.20755 0.39535 0.29651 0.31395 0.38372 0.40116
P5 36 - 0.28571 0.25850 0.48980 0.29252 0.33333 0.44898 0.40136
P6 49 42 - 0.22013  0.43605 0.33721 0.35465 0.41279 0.44186
P2 33 38 35 - 0.44025 0.25786  0.29560 0.30189  0.38994
P8 68 72 75 70 - 0.40116 0.46512 0.44186 0.42442

P11 51 43 58 41 69 - 0.29651  0.31977  0.40698

P15 54 49 61 47 80 51 - 0.34834  0.36628
Pa 66 66 71 48 76 55 60 - 0.33140
Pb 69 59 76 62 73 70 63 57 -

- 156 -



AAA 7 2 94AS 2uF DNAZ RAPDAES 3 A2 UPGMA A%
& vhEo] 4% A P8S AlQstH P15, P11, P6, P5, P1, P27} sl aF o=
FAEJL hEHE I FHA AHE Pa, Pbrt & st ag oz FREA
HbEQl P16 S5 1A Rl A8 Pa, Phagds B fddoew &

3lH 2R G A-EE P1 P29 pairwise distance”} 0.20755%2 7} 742
P1, P20~ &v He] "9ojxd "o 7w P5 P62 pairwise distance A & A
el Aok HlElsi AAE S Bk 2 b ApEFReA A E PS5,
P6= AlFF-olA A-E Pl, P2715 3 P8, PI11w9 TR dA FdEo] A2 A

g AJE A2vrEd
pairwise distance”} 0.30189~0.44898% A= 0.3535775E. v} Hlw 2 A7} A
A vestoy A ew L3 AxelAM A LU P8I P157E
0465122 ddidoz aA Yeves 5 544U A% pairwise distancezt©l

Wol7k A LREH, Aeld, AAA A BelHA ek

o BelE §74 Wolt BREA 2k, Pa, Pbi
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#H 4 3 |sozyme -4

1. HEEHm

2 vt Ay S MECl BT KRS EMER RS FAEE ol st
Ak WE b Mol fEshs HEASL KEIKS Aoz Fd% oA, dad,
LA, REB Al HAEss 2vbroF vlaskglh, KM Brimel # ol Skt ok
2, ol Bl PR, Aol gle MEor FEstol At A7 MRS
A 3kt

2. B R Jjk

7t G R

D oha=: 6 A (A)
2) 1 A 3AA (D)
3t 344 (D)
4) ZF2k 7T AA (P)
5 ¢ & 1 784 ( Ad)
6) 4 & 15 WA (H)

7

of

13 704 ( B)
. alBE itk

ALl e, bl HEske BiATR LMDl B SRR Mol B
FIfAol tiske] SEEBERE A ety] slA MAZEEZR ] o3 BSR S A

W2 48 A & EESE 5] T2 INE bRhEska IRELE B 7] AL BIKHT
whatmanifoll WAl A starch geloll 23+ TR IKENESZ 547 Ll s)
LR H#Re vt 2ok

2
=
P
=
ot
)|
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Glutamate oxalacetate transaminase ( GOT );
Acid phosphatase ( ACP );

Alcohol dehydrogenase ( ADH );

Glutamate dehydrogenase ( GDH );

Isocitrate dehydrogenase ( IDH );
Leucine-amino peptidase ( LAP );

Malate dehydrogenase ( MDH );
6-Phosphogluconate dehydrogenase ( 6PDH );

Phosphoglucose isomerase ( PGI ).

£ ol 3 Electrode buffer®} gel buffers= 3 3-113 20| sl gelo B =
10% = skgith R IKES HHE 100Vl A 150V7HA] 304 e &8 6-8iFi Hiik
e AA HKEEFRA Tv BEEdEoR s Y HE S 37C9Y
incubatoroll Al #E@E wW7tx] FRQ T YERG bandQ BEE 07 s o
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Table 3-11. Electrode and gel buffer system

\% Electroce Gel
Enzyme
Boric acid : 185g Tris : 46g
GOT NaOH D 24g Citric acid : 0.6g
H20 : 1000mi H>O : 500ml
pH © 80 - 82 pH 0 845
Boric acid : 18.55g Tris c12.11g
ACP NaOH 2.0g H,O 1000m!
H>0O : 1000m! pH . 88
pH 8.0 with 4N NaOH with 0.2M Citric acid
Tris : 15.1375¢g DL-Histidine : 1.048¢g
ADH H0 : 1000m! EDTA : 52mg
pH 7.0 with 1M citric acid H>O 1 1000mli
pH 7.4 with 1M tris
6PDH Tris 0 0.125M DL-Histidine : 0.05M
DU pH 7.0 with 1M citric acid EDTA © 1.40mM
pH 7.0 with 1M tris
Tris : 0.125M DL-Histidine : 0.05M
MDH pH 7.0 with 1M citric acid EDTA : 1.40mM
pH 7.0 with 1M tris
Lithium hydroxide : 0.06M Tris : 0.03M
GDH Boric acid : 0.3M Citric acid : 0.0056M(anh-
LAP pH : 81 ydrous) 1% electrode buffer
PGI pH : 85
( 10 X concentrate solution )
3R B B

A2 R 355 GOToll o3 B S A vk 18 3-313F 2ol GOTel 9|9 jifl

N
1’
[
i
Ja
o
2
rr
Bk
pic
N
20
fr
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7 3-313 Zo] P13} 22 type ML 67HANA 100% 5 24185 aL, i 370
Aol M= 93% 5 A8t aL, Lejar aik 270 Aol = 90%, ks g ZHA|el A 100%,
AA 3AA A= 86% = HERFIL 3

P29} 2 type ti#E AN = 7%, &l AN = 7%= JERta QI1aL, P
3 e typed ZFA AN E 10% 2 YERa, DS} 22 typed ol Ao A=
7%= Yetua glomg [WrEERGOT o7k Aol JiAIR] 2 E57 gls Ao
uebuhar Sl

w

Al

A2

Bl

B2
C1

C2

D

o

E2

allele
P P Ps

g
o~

species

Fig. 3-31. Allelic variation of GOT.
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A A A A A A A Ay A A Az A

H HioH Hi2H HH HisH HisH HisHig
H131 H141
21 2 1 2 308 1 31 1 4 1 1

Photo. 1. Allelic variation of GOT.

7238 ACPel o]k 5= 119 3-329F #o] P13 22 type Mk 67404
93.3%5 AL, iy 3MA A= 80%E AFAskA L, 2ejal Bt 270 A ol M=
80%, <ts g JHAIGIA 100%, <1& 37HA A= 80% = YERtaL Q)

P29} 28 type oFHE 67 Al A 3.3%Z A EFaL, thad A A= 20%, <l
MAANAE 6.7%Z JERFT 93, P3T 2e typed FHE 671704 3.3%E 2143}
R, FFak A A E 20% % YERGaL, A iAol A= 13.3% = vERAL QAT
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Al

A2

Bl

B2

Cl

C2

allele

P1 PZ

species

Fig. 3-32. Allelic variation of ACP.

Al Al Al Al Al Il Il Il 11 Il Iz IZ Iz Iz Iz Is 13 Is 13 13 D1 D1 D1 D1 D1
Photo. 2. Allelic variation of ACP.
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[z 3% IDHol )3 ## 5= 19 3-337 o] P13} 22 type SHAE 67)# o)A
93.3%%E AL, " 37MANA = 66.7%5 AAlaL, 2elal a4t 2

£ 90%, SHs 3 Al 100%, A AN E 86.7% % vEbdar Qlek P2gl 2
typee FAL 671A 1A 3.3% 5 AAEHG L, t#d /WAl A= 33.3%, 1Al HAol A=
13.3% =2 e A1, P37 22 type SHHE 670A1A 3.3% 2 vEhdar 9l9lch

A3

R .
2 —
—

B

C

D

allele

w

P1 P2

species

Fig. 3-33. Allelic variation of IDH.

. i i
[
a &

Al Al Al Al Al Il Il Il Il Il Iz Iz P1 P1 P1 Pl P1 Pz Pz Pz Pz Pz Dz Dz Dz
I

Photo. 3. Allelic variation of IDH.
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B
C
allele
P1 P2
species

Fig. 3-34. Allelic variation of MDH.

I L I L L It I It Iz Iz D Dy

Ag
As As As As 1) L I L I Di D1 Dy
Photo. 4. Allelic variation of MDH.
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AR % MDHel o] st ##5t = 19 3-349} o] P13} 22 typed AL 6714 ol A
%S Ak aL, e AN E 80%S AR S, 2Ela A 27hA oA
80%, <t 3t ANANCIA 100%, AAl 37NAIAE 86.7%= HERtaL JATh P29k 2
type HAE 670AOA 10%E A8k, AF MANAE 20%, B34t 27) A <A
T 20%, AA AAdAM = 133%= Ve gldch

rir

flo

FIGZRE % PGIol ook ## = 17 3-359F o] P13t 22 type HHE Ao A
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Fig. 4-1. Map showing the sampled 230 plots in the 5 study sites.
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of 40704, Arpitel 30709 ZAMAE AATG oM, AAE F FZAFE 230704
oJATHH 4-1). AAE A ZAPEH S A AP okt A
b B T F ASAH did SAS AAS e, B Fdee 4 9
7% (coverage) 9t MAITE A2 5 (dominance) 7l & (Braun-Blanquet,
1964)& #AAs 715ada, ASFEE T MA £E 5 Hike] dxol e

T (sociability) Alg 52 343
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r (

AARFE 2T FAEUT ARI FSA, BN, AU, v

AU Aol Aozl 230789 AAAEE THAA AAZRIYE o] &5}

423 & Ellenberg(1956)9] ¥ %2 (tabulation method)oll €]&te] A F (raw table),
o] ©A Y HE I (partial table), A %3 (constancy table), 72" I (differential

table)s AA HFTAHQA TXZAHREE s HKuchler, 1967 ; Shimwell, 1971 ;
Miiller-Dombois and Ellenberg, 1974 ; Toyohara, 1977). XA X2 2+ A
9] (vegetation units):= U X W (coincidence method)oll &1A A&, si, ZAAS 2

Foletel AnaAS AE

4-12 2% A9 80704, 54 40704, Zde S84 40704, A d 40

2, Avkak 30704 5 F 2307040 A AokdS 7EA AL Ellenberg(1956) 8] A=Ak

TAaUTES aALUE, AU, IS, A, deFd, e, s, A
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koreanum)72, &l A& (Rhododendron micranthum)« 2, %2 Y5 (Quercus

dentata) "=, BEZF(Acer pseudo-sieboldianum)v-2f, A3 (Typica)vw& 5 & 57

T (community) 0.2 FF{E o, wWaAETete F ol (Festuca ovina)w, ©F7k
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Table 4-1. Floristic composition table of Pinus densiflora for. erecta forest
in the 5 study areas

I. laccimias kordases commmi bty VB, Jispores asilacises groug
1. Rhcoodesdres sicratiber commni by V<L, dagaciia sisbeldil group
M, dasircas desiala commmi iy WD, farpicea Jaxifiara group
M=#, Faalaca cvisa group IV-E, Typical grup
MR, febizia pasadcacacia grup V. Typical commmity
M-C, Typical grup Ve, dalaspyras rosies griup
IV, Adcar passde-siaboldises commni by Vedel, Typical sdgrog
Ve, dydrasgaa sirrala for, acesisala group Veh=d, Gusrcan variabilis sbgroup
Weti=l, Caray ciliale-sargisala slgrog Vel Typical groug
Wer=2, Adcar giesala abgroup VB, Gusrcan variabilis sbgroup
W=A-3, Typical sdbgrop VeB-2, Typical mbgrogp
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(S : Sokwang-Ri, C : Mt. Chungok, E : Mt. Eungbong, K : Mt. Kumma, U : Uljin)

Fig. 4-4. Relationships between survey area and vegetation units.
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Fig. 4-5. Relationships between aspects and vegetation units.
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zhzbe] AR A 57 A A of A
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wA FAAZL = 2met 0.02me] AE FHAA EALE AEZ A}
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JII 5, 1979 ; Dierssen, 1990), &3+ Aiul %=

T (Herlbert, 1971)& #4389 th(Brower and Zar, 1977).

¢ TUYE(H)=-XPixlog Pi=-X(ni/N)*log(ni/N)
Pi: 3 AW 54 o Aot Ak H]
ni @ 3 BARFUS 54 Fo] Al
N E/AS
 HANFHSE=H nax)=log S
S FAESF
o A Z(J :evenness)=H'/H' n=H'/log S
HAE(D)=1-]'=1-H'/H max=1-H'/log S
A A (A)=2{ni/N+(N-ni)/(N-1)}
W78 A (1- 41)=1-2{ni/N*(N-ni)/(N-1)}

oN —{o
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AGzhe] TERAEE 245 A5kl Shensensl FAAF(CCs)E o] §3tsiet

(Brower and Zar, 1977).
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* FFAHAIS(CCs)=2C/(S1+82)
S1,Sz ¢ 2ol vehd 5
C: % o3 3802 s &5
E AL flelA &gl #Asle

of\
ox
fol
)
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2,

AN

FYAH

(positive association), =4 4 §H(negative association), 7] 3] A% (random association)
o ¥AE 7ME F AerBE FaXVF =4 Ut T3 AESAEE 8 R %
248 MAB, 2x2 B3 Fe] 98k Chi-square(X?)
test® 7t $F A3k ARAARS AAEte] Chi-square(X?) L RS 248,
FABAT JE TS AEAANN AFARE 1%FTH 5% TR FEste FHAT

3Gt 5, 1997 ; Agnew, 1961 ; Ludwing and

o
M

(interspecific association)

Reynolds, 1988).

3. A2¥% v n
7} CCA(canonical correspondence analysis) ordination

Greig-Smith(1983) ¢} Ter Braak(1986, 1987)= ordination®] Z# o] #39o F+XE
sla ol A A e Fo gl tig 7HEs & = Aolgtar st
Row, AEAES dFadl wel o S xrF debA, kA ordination 2] A
55 & N e 2 oo)e] AHEA Aol widstE AP o R oA data setell
A TS e SAMYe g B JATHEEA, 1992, Goodall, 1963). CCA+=
T3 AR FRBAE Wil ARl mE Fo] Rkl g EWe EAE
S ZAFe7] Ak AREE O] SohH(EE A, 1992, 1995 5 Allen, 1983).
a9 4-73 & 4-2+ CCA ke =2 16709 kA Az et 15709 mBE N3, A
g, A =9, 2, vAN FE pH, FaEt va, A CO/NE, 23 Fol &7,

24, vtadle)ie] MBERGRE stz fske], A=Ars ety WelA 25
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Table 4-2. Correlation with second matrix(environmental variables)
by Pearson and Kendal| Correlations with Ordination Axes
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Fig. 4-7. Canonical correspondence analysis(CCA) ordination diagram showing

vegetation units and major environmental variables(arrows) against the

axis 1 and axis 2(above) and against the axis 1 and axis 3 (below)

(Cutoff R® value : 0.12 ; Vector scaling : 200% ; Vegetation unit 1:% ;
2% ;3 ; 40 ; 50 ; 6O ; 7@

;13w ; 14:0 5 15:Q ; 16:4).
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Table 4-3. Importance value of major species

at Sokwang-Ri

Species Layer

Total

Scientific name Common name Tree Subtree Shrub1 Shrub2 Herb
Pinus densiflora for. erecta FLLLE 95.20 31.03 6.13 15.42 - 147.77
Quercus mongolica AL 2.18 37.01 6.55 8.04 - 53.79
Quercus serrata SR 0.63 6.66 1.33 2.28 - 10.90
Populus davidiana ARALER 1.99 0.98 - - - 2.97
Fraxinus sieboldiana 2 EFe - 0.68 17.03 10.04 - 27.75
Styrax obassia ZSULIR - 2.05 4.04 6.31 - 12.41
Quercus variabilis ZELE - 5.16 1.22 4.09 - 10.47
Acer pseudo-sieboldianum getE - 0.68 3.42 3.89 - 7.98
Fraxinus rhynchophylla SFY LI - 1.02 1.16 3.96 - 6.14
Carpinus laxiflora AMofLR - 3.32 1.29 1.07 - 5.68
Betula schmidltii gefLte - 3.16 - - - 3.16
Cornus controversa SELE - 1.17 - 0.67 - 1.83
Acer mono D22 LF - 1.10 0.21 0.40 - 1.72
Sorbus alnifolia T L - 0.34 0.43 0.67 - 1.43
Tilia amurensis b - 0.68 0.61 - - 1.28
Betula davurica SUELE - 0.95 0.17 - - 1.12
Fraxinus mandshurica SnLe - 0.61 - - - 0.61
Rhododendron mucronulatum E=E - - 13.10 4.03 - 17.13
Rhododendron schlippenbachii HEZ - - 9.13 5.56 - 14.69
Rhododendron micranthum ne|xigel - - 6.62 6.95 - 13.57
Lespedeza bicolor M| - - 714 2.76 - 9.90
Clematis heracleifolia HxsE - - 0.34 7.23 - 7.58
Lespedeza maximowiczii =E M2 - - 4.48 2.41 - 6.90
Lindera obtusiloba LR - - 3.30 2.62 - 5.92
Callicarpa japonica TR - - 0.70 3.48 - 418
Rhus trichocarpa HgLE - - 1.58 1.62 - 3.20
Maackia amurensis CHELHR - - 0.38 1.55 - 1.93
Vaccinium koreanum ML - - 1.26 0.40 - 1.66
Spodiopogon cotulifer IEM - - - - 20.37 20.37
Melampyrum roseum EoiLp|gE - - - - 16.64 16.64
Carex humilis e - - - - 13.70 13.70
Chrysanthemum zawadskii var. latilobum —TE=E - - - - 7.75 7.75
Atractylodes japonica oF - - - - 4.66 4.66
Carex siderosticta CHARE - - - - 4.48 4.48
Artemisia keiskeana orens - - - - 3.57 3.57
Carex lanceolata dsAE - - - - 1.86 1.86
Hosta longipes EILIES - - - - 1.14 1.14
Arundinella hirta M - - - - 1.09 1.09
Alinsliaea acerifolia cHEF| - - - - 0.92 0.92
Smilax riparia var. ussuriensis g - - - - 0.84 0.84
Pyrola japonica e - - - - 0.82 0.82
Patrinia villosa sz - - - - 0.67 0.67
Cimicifuga heracleifolia ot - - - - 0.46 0.46
Asarum sieboldii ] - - - - 0.46 0.46
Solidago virga—aurea var. asiatica ojodF - - - - 0.38 0.38
Carex okamotol S P =S - - - - 0.37 0.37
Others - 3.4 8.38 455  19.82 36.15
Total 100.00 100.00 100.00 100.00 100.00 500.00
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Table 4-4. Importance value of major species at Mt. Eungbong

Species Layer

Total

Scientific name Common name Tree Subtree Shrub1 Shrub2 Herb
Pinus densiflora for. erecta LR 92.76 47.04 4.86 6.82 - 151.48
Quercus mongolica AL 1.18 24.09 11.79 8.88 - 45,94
Quercus variabilis SELE 2.35 9.62 3.96 3.54 - 19.47
Salix hallaisanensis HHE 1.37 2.55 0.66 0.66 - 5.24
Ulmus davidiana var. japonica LELR 1.18 - 0.21 0.33 - 1.72
Acer pseudo-sieboldianum gotE - 5.69 4.35 2.84 - 12.89
Acer mono 2R - 2.50 1.08 0.97 - 4.55
Fraxinus rhynchophylla EF L - 2.06 1.11 0.62 - 3.79
Quercus serrata ERLF - 1.37 1.27 - - 2.65
Prunus leveilleana LR - 1.37 - - - 1.37
Betula costata HH LR - 0.49 0.11 0.33 - 0.94
Sorbus alnifolia Zof Lt - 0.69 0.22 - - 0.91
Malus baccata OFgLtF - 0.69 0.11 - - 0.80
Lespedeza bicolor M| - - 8.70 15.86 - 24.56
Rhododendron mucronulatum = - - 9.06 8.48 - 17.54
Lespedeza maximowiczii =Mz - - 7.38 8.79 - 16.18
Fraxinus sieboldiana 2258 - - 7.78 5.38 - 13.16
Lindera obtusiloba A - - 4.52 8.17 - 12.69
Rhododendron schlippenbachii HEE - - 4.82 5.15 - 9.97
Vaccinium koreanum MAELLR - - 4.04 4.08 - 8.12
Stephanandra incisa [FLE - - 2.26 0.66 - 2.92
Staphylea bumalda OFELR - - 1.82 0.64 - 2.46
Tripterygium regelii oA ELLF - - 1.08 1.32 - 2.40
Styrax obassia ZSULIE - - 1.08 0.62 - 1.70
Rhus trichocarpa HLH - - 0.79 0.62 - 1.4
Clematis heracleifolia RS - - 0.79 0.33 - 1.12
Sorbaria sorbifolia var. stelljpila Ih 2 - - 0.67 0.33 - 1.01
Salix purpurea var. japonica 7|IHE - - 0.11 0.31 - 0.42
Carpinus cordata i =y - - 0.21 - - 0.21
Aralia elata FELE - - 0.11 - - 0.11
Kalopanax pictus SLF - - 0.11 - - 0.11
Spodiopogon cotulifer 7IEM - - - - 19.23 19.23
Carex lanceolata OdsAE - - - - 11.31 11.31
Carex humilis tig - - - - 10.17 10.17
Chrysanthemum zawadskii var. latilobum TEZ= - - - - 5.48 5.48
Artemisia keiskeana ot2ch& - - - - 4.16 4.16
Aster scaber EH3 - - - - 3.41 3.41
Disporum smilacinum of 72| - - - - 3.24 3.24
Arundinella hirta M - - - - 2.87 2.87
Carex siderosticta CHALE - - - - 2.81 2.81
Potentilla freyniana Qx| 2 - - - - 2,73 2,73
Pteridium aquilinum var. latiusculum A2 - - - - 2.42 2.42
Calamagrostis arundinacea MM E - - - - 2.35 2.35
Peucedanum terebinthaceum E== - - - - 1.85 1.85
Atractylodes japonica & - - - - 1.52 1.62
Others 1.16 1.84 14.94 14.27 26.45 58.61
Total 100.00 100.00 100.00 100.00 100.00 500.00
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Table 4-5. Importance value of major species

at Mt. Chungok

Species Layer

Total

Scientific name Common name Tree Subtree Shrub1 Shrub2 Herb
Pinus densiflora for. erecta [ERAEEE 92.40 41.01 2.33 0.79 - 136.52
Quercus mongolica AZLLR 2.53 31.88 10.93 3.72 - 49.06
Betula davurica SHELR 3.89 0.90 1.04 0.34 - 6.18
Fraxinus sieboldiana 2 =32 - 2.30 10.04 5.09 - 17.43
Rhus trichocarpa HgLs - 2.30 2.84 3.19 - 8.33
Fraxinus rhynchophylla Exe LT - 4.60 1.23 0.95 - 6.78
Magnolia sieboldii getELEe - 3.20 1.25 0.87 - 5.32
Cornus controversa SEHF - 2.81 0.84 0.95 - 4.59
Acer pseudo-sieboldianum gotE - 0.90 2.18 1.29 - 4.37
Sorbus alnifolia ZojLt - 2.30 0.14 0.26 - 2.71
Betula costata HH LR - 1.40 0.82 0.34 - 2.57
Acer mono D2 LR - 1.80 0.24 0.34 - 2.38
Styrax obassia ZSULIR - 0.90 0.43 0.52 - 1.85
Betula schmidtii = - 0.90 0.14 - - 1.04
Rhododendron micranthum na|zlckey - - 7.22 12.57 - 19.80
Lespedeza maximowiczii =Mz - - 4.57 14.69 - 19.26
Rhododendron mucronulatum = - - 11.92 5.48 - 17.40
Rhododendron schlippenbachii HEZ - - 8.52 5.74 - 14.26
Lespedeza bicolor Mz - - 6.32 6.77 - 13.09
Lindera obtusiloba A - - 2.96 2.34 - 5.30
Vaccinium koreanum MA TR - - 2.77 0.61 - 3.38
Quercus variabilis SELE - - 1.74 0.52 - 2.26
Sasa borealis E s - - 1.80 0.34 - 2.15
Acer ukurunduense FAZLT - - 0.48 0.69 - 1.16
Kalopanax pictus SLE - - 0.43 0.34 - 0.77
Carex humilis MAS - - - - 14.51 14.51
Melampyrum roseum LEoi2|gE - - - - 14.22 14.22
Spodiopogon cotulifer 7IEM - - - - 11.44 11.44
Carex siderosticta CHALE - - - - 6.27 6.27
Disporum smilacinum o 7| t2| - - - - 4.51 4.51
Pteridium aquilinum var. latiusculum A2 - - - - 3.99 3.99
Artemisia keiskeana ot2ch& - - - - 3.63 3.63
Carex lanceolata dsrME - - - - 2.56 2.56
Polygonatum odoratum var. pluriflorum &2 - - - - 2.34 2.34
Aster scaber F - - - - 1.64 1.64
Calamagrostis arundinacea AME - - - - 1.59 1.59
Pyrola japonica 2 - - - - 1.41 1.41
Astilbe chinensis var. davidii LEF - - - - 1.01 1.01
Peucedanum terebinthaceum 7lg4HE - - - - 0.99 0.99
Carex ciliato-marginata SO ALE - - - - 0.68 0.68
Alinsliaea acerifolia cHEF| - - - - 0.67 0.67
Filipendula glaberrima E2|ZE - - - - 0.60 0.60
Heloniopsis orientalis M4 x| ot - - - - 0.50 0.50
Polystichum tripteron A XA - - - - 0.31 0.31
Aruncus dioicus var. kamtschaticus =/&ot - - - - 017 0.17
Cardamine leucantha ojLtzlol - - - - 0.16 0.16
Phyteuma japonicum A otxt - - - - 0.16 0.16
Others 1.18 2.8 16.82 31.26 26.64 78.68
Total 100.00 100.00 100.00 100.00 100.00 500.00
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Table 4-6. Importance value of major species at Uljin

Species Layer

Total

Scientific name Common name Tree Subtree Shrub1 Shrub2 Herb
Pinus densiflora for. erecta LR 96.27 63.79 5.92 2.55 - 168.53
Quercus variabilis SELE 1.24 3.89 3.77 2.58 - 11.48
Pinus thunbergii W& 2.49 - - - - 2.49
Robinia pseudo-acacia OF7HA| L2 - 11.89 7.54 1.48 - 20.91
Quercus dentata UL - 2.60 4.52 9.90 - 17.01
Alnus hirsuta E2|LF - 13.93 1.24 - - 15.18
Quercus mongolica AR - 1.30 4.37 1.89 - 7.56
Quercus acutissima AL - 1.30 0.67 0.38 - 2.35
Rhododendron schlippenbachii HEZ - - 11.34 8.45 - 19.79
Lespedeza bicolor M| - - 11.69 7.35 - 19.04
Quercus serrata SELE - - 5.67 9.35 - 15.03
Smilax china Holeid 2 - - 5.34 8.99 - 14.33
Rhododendron mucronulatum =] - - 7.76 5.20 - 12.96
Lespedeza maximowiczii =Mz - - 2.43 5.23 - 7.66
Fraxinus sieboldiana 2258 - - 3.83 2.76 - 6.59
Rhus trichocarpa HegHs - - 3.20 3.19 - 6.39
Styrax japonica L - - 2.50 3.60 - 6.10
Zanthoxylum schinifolium AELLR - - 1.69 3.80 - 5.49
Juniperus rigida LZFELR - - 2.68 0.69 - 3.37
Rhus chinensis FHE - - 0.90 1.60 - 2.50
Rosa wichuraiana ST LR - - 0.26 0.72 - 0.98
Rhododendron micranthum na|zlckey - - 0.93 - - 0.93
Ligustrum  obtusifolium FHELS - - 0.26 0.38 - 0.63
Lindera glauca ELE=E - - 0.26 0.35 - 0.60
Alnus firma Attee| - - 0.13 - - 0.13
Smilax sieboldii HoA g2 - - 0.13 - - 0.13
Sorbus alnifolia Tt - - 0.13 - - 0.13
Carex humilis MAS - - - - 14.51 14.51
Spodiopogon cotulifer 7IEM - - - - 12.97 12.97
Festuca ovina zeold - - - - 11.31 11.31
Arundinella hirta M - - - - 7.18 7.18
Calamagrostis arundinacea AME - - - - 3.89 3.89
Artemisia keiskeana ot2ch& - - - - 3.49 3.49
Oplismenus undulatifolius FEXME - - - - 3.37 3.37
Carex lanceolata OsAE - - - - 3.28 3.28
Solidago virga—aurea var. asiatica o|odF - - - - 2.89 2.89
Melampyrum roseum Zoi2|YE - - - - 2.65 2.65
Aster scaber F - - - - 2.62 2.62
Miscanthus sinensis var. purpurascens <M - - - - 1.92 1.92
Themeda triandra var. japonica ELl - - - - 1.59 1.59
Chrysanthemum boreale = - - - - 1.55 1.55
Veronica dahurica Fetme|E - - - - 1.33 1.33
Asplenium  incisum ne| Atz - - - - 0.12 0.12
Others - 1.3 10.84 19.56 25.33 57.04
Total 100.00 100.00 100.00 100.00 100.00 500.00
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Table 4-7. Importance

value of major species at Mt. Kumma

Species Layer

Total

Scientific name Common name Tree Subtree Shrub1 Shrub2 Herb
Pinus densiflora for. erecta SLLHE 96.66 11.09 0.92 1.28 - 109.95
Quercus variabilis SELE 1.67 5.20 2.30 2.57 - 11.73
Quercus mongolica AR - 30.98 11.39 7.93 - 50.30
Fraxinus sieboldiana 2= - 1.16 7.57 6.43 - 15.17
Acer pseudo-sieboldianum gohE - 6.31 3.27 1.65 - 11.23
Cornus controversa SELF - 5.42 0.61 0.36 - 6.40
Fraxinus rhynchophylla EFeHE - 4.38 1.07 0.72 - 6.16
Carpinus cordata i Ele=y - 5.66 0.15 - - 5.81
Rhus trichocarpa HELe - 0.64 2.31 2.53 - 5.48
Quercus serrata EELE - 2.98 1.38 1.1 - 5.47
Acer mono D2ALEF - 3.74 0.93 0.55 - 5.22
Ulmus davidiana var. japonica LELR - 4.38 0.30 0.36 - 5.05
Malus baccata OFgLtF - 415 0.15 0.19 - 4.49
Prunus leveilleana THHLER - 3.21 0.61 0.54 - 4.36
Styrax obassia ZSULLS - 1.93 1.22 1.08 - 4.23
Acer triflorum SX7| - 2.57 0.61 0.55 - 3.74
Acer ginnala AL - 1.93 1.08 0.55 - 3.56
Zanthoxylum schinifolium QELLE - 0.64 1.37 1.07 - 3.08
Tilia mandshurica EuLtg - 1.29 - - - 1.29
Lespedeza bicolor Mr2| - - 11.93 16.55 - 28.48
Rhododendron mucronulatum =gl - - 13.13 13.20 - 26.33
Vaccinium koreanum MA LR - - 5.41 7.45 - 12.86
Rhododendron schlippenbachii HEZ - - 3.88 3.86 - 7.74
Lindera obtusiloba ML - - 2.14 2.19 - 4.33
Corylus heterophylla CHE| U H bR - - 1.08 3.17 - 4.25
Staphylea bumalda IFLLR - - 1.71 1.79 - 3.51
Lespedeza maximowiczii =EM2| - - 1.84 1.64 - 3.48
Securinega suffruticosa oMzl - - 1.53 0.91 - 2.44
Hydrangea serrata for. acuminata A= - - 1.23 1.10 - 2.33
Acanthopanax sessiliflorus 2zt LR - - 0.30 0.36 - 0.67
Melampyrum roseum Zojz|gE - - - - 16.24 16.24
Carex humilis MHE - - - - 10.18 10.18
Carex ciliato-marginata HofALE - - - - 9.41 9.41
Spodiopogon cotulifer ZIEM - - - - 8.55 8.55
Carex siderosticta CHARZE - - - - 4.65 4.65
Atractylodes japonica o - - - - 2.99 2.99
Chrysanthemum zawadskii var. latilobum 8% - - - - 2.89 2.89
Disporum smilacinum of [tz - - - - 1.83 1.83
Polygonatum odoratum var. pluriflorum s=2l - - - - 1.72 1.72
Aster scaber | - - - - 1.72 1.72
Hepatica asiatica LR - - - - 1.49 1.49
Astilbe chinensis var. davidii LRERF - - - - 1.29 1.29
Syneilesis palmata At E - - - - 1.28 1.28
Smilax riparia var. ussuriensis E - - - - 1.27 1.27
Ostericum grosseserrata A ZERH - - - - 1.20 1.20
Festuca ovina Zeold - - - - 0.63 0.63
Others 1.67 2.34 18.58 18.31 32.66 73.52
Total 100.00 100.00 100.00 100.00 100.00 500.00
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(15.86%) oz Yest £33 715M(19.23%), A4A=21017%) o= e
STHGE 4-4).

obuEF O] FATE FALUT(AL01%), AAUR(31.88%), & HHF(4.60%), 7]

A H(1.40%) S o2 e, #E15e A A (1093%), w53 auH(2.33%),

HEF(10.04%), 3 (11.92%), w2 (7.22%), S =UF(277%) SOl e
2

W, dE252 AU 0.79%), AZUF(372%) oI, HEFS AE



(1451%), =™ =25tE&(14.22%), 715M(11.44%) o= YESHH(GE 4-5).
£ Ao FRLURO627%), NE(249%) Fol WEFL PSR, ofw%
T TEEE FAALU(63.79%), B U(13.93%), = (3.89%), obZkA v

F(11.89%), HZ2UF+(260%) &o= WErskal, #5152 542u5(5.92%), 253
(11.34%), 212 A2(0.93%), AFF =T (2.77%) solRom, #E2F3 4T
(2.55%), =3 UF(258%) FoldlaL, 2S5 AA&(1451%), 715M(12.97%), 9
H(11.31%) 5o = YESTHE 4-6).

Akl A9 42 UF(96.66%) ¢ =JUF(1.67%) S0l w532 A8,
obuEF AT FHAUF(11.09%), AEUF(30.98%), =3 U(5.20%), B
2(6.31%), T3UH(542%) o2 YER L, #5152 AZ2UF(11.39%), 544
£(0.92%), #21(11.93%), W22l (13.13%), Y =-(5.41%) solRnom, HE5252
T AW (1.28%), A AU(7.93%), Ae](16.55%) o= UEwt 2RSS EH
=W (16.24%), 4HA2-(10.18%), EoiAt2(9.41%), 7I15M(855%) &= LERskth

o

ool Aelzhl 9w FxA AT a%e AL gE Adue go) BEE
el 247 = deptse, olga de adelAele e zA}

570 2AMA Y FoldE b b4

2y 7y o] ZA}A] Ao A Shannon's diversity(H'), & thZ&thoFE(

ALE(1-]), TAAAA), THEAA-4)& A8t FdAE g Aolr},

gy Aares AYldstes Aoz AAEo $a1(Loucks, 1970), 53174 o]
B

ago] wHAEA HW FudEis =olA A "t

=
E

=
2
il
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B
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<
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(Krebs, 1985 ; Barbour & 1987). T 9 4EATE $HE9 wulde #AE 7HA
B AR 2L 2FY TERD $HEVE U O T 9ste] AAHH
(Ellenberg, 1956), Whittaker(1965)%= =7} 0.90]/4duol 1F, 03~0.74 o
2~3%F, 03013t wf thre] Fo]l FAHFS olEvha AT E ZAAAE F

LHERSE

FEAFE B &3] 066222 7H vkoka, g2 o =
ou], AAGE FudE AFn AR 07 W2 dEiwod, dugaee] o

SR (A S 1003 A4S 1), AFE (AR 124 F
CFEASIL 080140 R B tehgid, o AFY 2AAL dgH T

545 7ML /7] wEdl Ao AztEAY. $HREE 05 elR 2~3F] £
o7k Aol glojA Zhzte] EFHAAL 0392 YEE
B, ole@ A ol&(1995)e T Eel e YA 0701 o
of miel Adal v grolglrh b AR Abe " 2 AR
o3k AT goidE FEYRTE FHAY] AL AR ARHJT

S ek 24

Table 4-8. Values of species diversity indices in study sites

Site H' H' max. J' 1-J! A4 1- 44
Mt. Kumma 0.7853 1.3607 0.4205 0.5795 0.2724 0.7276
Sokwang-Ri 0.7014 1.1968 0.4110 0.5890 0.2669 0.7331
Uljin 0.6622 1.3602 0.5175 0.4825 0.3698 0.6302
Mt. Eungbong 0.7357 1.3265 0.4442 0.5558 0.3094 0.6906
Mt. Chungok 0.6840 1.2279 0.4419 0.5581 0.3000 0.7000
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Table 4-9. Values of species diversity indices in each vegitation unit

Vegetation Unit H' H'max. J' 1-J' vap 1-44
1 0.7396 1.25583 0.4142 0.5858 0.2765 0.7300
2 0.6776 1.1015 0.3842 0.6158 0.2904 0.7096
3 0.6727 1.2314 0.4507 0.5493 0.3386 0.6614
4 0.6864 1.3606 0.4978 0.5022 0.3486 0.6514
5 0.6633 1.3562 0.5148 0.4852 0.3682 0.6318
6 0.6906 1.4166 0.5182 0.4818 0.3595 0.6405
7 0.7298 1.4595 0.5084 0.4916 0.3385 0.6615
8 0.7532 1.4811 0.5006 0.4994 0.3274 0.6726
9 0.7868 1.4967 0.4829 0.5171 0.3056 0.6944
10 0.8312 1.5069 0.4531 0.5469 0.2686 0.7314
11 0.8826 1.4842 0.4053 0.5947 0.2111 0.7889
12 0.8317 1.4229 0.4143 0.5857 0.2332 0.7668
13 0.7047 1.2120 0.4125 0.5875 0.2644 0.7356
14 0.6621 1.2057 0.4518 0.5482 0.3116 0.6884
15 0.6931 1.2390 0.4405 0.5595 0.3135 0.6865
16 0.6874 1.2405 0.4461 0.5539 0.3177 0.6823

o PeRAbE

a9

3 410004 = e A3 ) 2ARA Y AvFaEted A Eddte B A4
o] F& o]&ste] A FAME S FAS] A Shrensen®] FAHAIF(CCs)E
UEFSTE Buell 5(1966)2 HolHAdF /ol mdatA HW T EH I} B
steE g Ezhe] FALEAGTE 20%0] ko] A 80%0] el HH, Cox(1972)e] <
& 20% olatd wi o] @A Fetola 80%oldolw FdtetolE} shglen, 19

W F oatghe]l $hHE] S ofnletar, 0ol ¢Hdd] thES ovlstH, BE 05014
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oW Beldewm Aol gl wHoew ngth sdeAe LN FetaAE
o Aol 7k A vhehykow,
2 E7 vEht 2 gols} gl THoE waE

Table 4-10. Community coefficient of similarity in the study areas

Mt. Kumma  Sokwang-Ri Uljin Mt. Eungbong  Mt. Chungok
Mt. Kumma
Sokwang-Ri 0.6308
Uljin 0.4609 0.4629
Mt. Eungbong 0.6245 0.6510 0.4790
Mt. Chungok 0.5843 0.6324 0.3898 0.5344

v} £ 7F4A 3 (interspecies association)

AALA oA 2k F
sto]l A2 Jhrbo]l EAsk= $A A dH(positive associatoin), THE A TS vl 2 5o
Hy] EA3lE= &4 A% (negative association), 18]i ©E AT olF TA I}
ghol EAsk= 7138 2 F(random association)e] 37H4] Fde] AFHAE 1A

A=d olgd AFES FHEAY v T FHdAGL dok(Pielou, 1977

il

< SRl BAglel F Auitel AadA =, A=

Greig—-Smith, 1983 ; Schluter, 1984 ; Ludwig and Reynolds, 1988). ++¢} ++= A

S -9} - SAAFTS UEhd Aoln ++9k ——& 99%9] FEFFA, +9} -

B FEFTAM F FIHE FoF FEEAT s BAT Aon

(Agnew, 1961). F F&3re] 4o AoaA7 QA= AP A4S =493

of AAAE TRt o&d KT F+ AT 7teds HEI 3o

218 A 3 FFY EA AT AdTF Y
A

kA= gon, T FFo] mASd &

el

)
|
i

e
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Pinus densiflora for. erecta ; Pd

| |Rrododendron micranthum ; Rmi

++ |Smilax china ; Sc ++ (==) : Positive or negative association at 1% level
+ |++ |Quercus dentata ; Qd + (=) : Positive or negative association at 5% level
+ |+ Vaccinium koreanum ; Vk

Magnolia sieboldii ; Ms

++ |Carpinus laxiflora ; Cl
++ |+ |+ ++ |++ |Acer pseudo-sieboldianum ; Ap
-+ ++ |[++ |++ |Lespedeza maximowiczii ; Lm
++ [+ |+ |+ |[++ |+ |++ [++ |Fraxinus rhynchophylla i Fr
++ N ++ |[++ |++ |Stephanandra incisa ; Si
++ [+ |+ |+ ++ [++ [++ |++ |Weigela subsessilis i Ws
++ [+ |+ ++ |++ |+ |+ |+ |++ | Shrax obassia i So
+ |+ + ++ [+ [++ |+ |+ [++ |Acer mono ; Am
++ ++ [+ [+ |++ |++ [++ |++ |Comus controversa ; Cc
++ |+ [ [+ ++ |+ ++ |+ + ||+ Quercus serrata ; Qs
|+ |+ Quercus variabilis ; Qv
G+ |- — |- - |- |- Rhododendron schljppenbachii ; Rs
t+ |— [— - === = | | |- |- |- ++ |Melampyrum roseum ; Mr
= == — +  |Quercus mongolica ; Qm
— = = = = = = = |—= |-—= |-= ++ |+ Spodiopogon cotulifer ; Sc
= = = = = = = = = = |- ++ |++ |++ |++ |Lespedeza bicolor ; Lb
— = == — === |- = - |- - ++ [+ |+ |+ |+ |Fraxinus sieboldiana ; Fs
- - -1+ -~ |- |- |- ++ |+ [ [ fodendron mucronulatum ; Rmu
_ == =1 =] |- ++ {Carex humilis ; Ch

Fig. 4-8. Complete Chi-square matrix for 24 species in the study areas.

P<1%

1% <P <5%

Fig. 4-9. The species connécted by line were positively correlated as determined
by application of the chi-square test. The shortened words in circles
indicate each species in Fig. 4-8.
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Fig. 5-1. Studied site.
1 @ Mt. Eungbong, 2 : Sokwang-Ri,
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2 Lancasterd &2 AAgdle] EFEA7](Shimadzu UV-120-02) =2
B2 (Organic Carbon)2t A& A& (Total Nitrogen)+= 0.02mm A S 533
A Sk AT

(CEC)2 Brown's Method® 743t 1, 23 Fo] K, Ca (Exchangable cation

EAREXI)(NCS 2500, Fisons Instruments)® ko]l & X3 g

Ca’’, Mg )+ 1-N CH;COONH4(pH 7.0)H o= Hxe]ste] EDTA AR E A
A=
3. A2x% v n

¥ 519 % 52¢ FAAYUFEY ES olgsty AAS yerd Aotk 1 F
¥ 512 FHAUTFHY AR AAEAE APASE APASEE AR o] Bk
of thak ojgtetd AR HE UElA FHola, # 5-2% 2FEldd AFH 3 AH
o FAURE (2XF A, 54 A2 Hupal a2k delE A9, g
A9, H A)e Ed] g olgsty Ao HyxE Yeld Aotk ¥ 5-3
& AUTE (A ok, WA Eoko] ik o]FshA AR JHExE

I 5-4~15% #AA

ol UlF o] BeLA Ao

2 (2 41070, 2y 707D E

AR 2 ek gt

Table 5-1. Total average content of physichemical properties at Sokwang-Ri

. Exchan_geable

stes G & © o A:fgéngle G N (meliong) e/
ca™ Mg
Ridge T4 311,314 4461 1631 438032135 10012 130 0. 56
Upper Slope T3. 0 12.514. 54 60 10.5% 411 078 14.30 978 1.43 0,58
Middle Slope TL. 213 6 152470 B T8 3130231321 11.5% 156 0. 69
Lower Slope 3. 2 1%. 6 14, 1 4. 63 1020 4.50 0 .31 14 .25 1027 1.82 0,559
Valley ™0 B 9121455 1240 3770261384 952 179 0. Ta
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Table 5-2. Total average content of physichemical properties at each sites.
(Pinus densiflora for. erecta)

Exchangeable
. Available CEC cation
. Sand Sit Clay pH C N
Sites (%) (%) (%) (H.0) (Eé?r?) (%) (%) CIN (me/)100g (me/1009)
Ca++ Mg++
Ulgin 1.9 13,1 150 4.66 4.57 1.610 018 @889 11.02 2.30 1.00

Mt. Eungbong 0.7 15,1 14.2 4. 77 2676 6,09 046 1257 1555 4.91 1.45

Mt. Chungok E&.2 158 160 4 7 13,98 6,16 050 1286 1091 371 0,93

Mt. Kumma 73.0 146 12,4 474 2418 3,81 031 1332 11.41 5.04 1.87

Mt. Tonggo 68,0 154 156 4,62 1723 534 0,40 1336 11,11 4,36 0,59

Namhaeryong 76,2 11.5 1Z.4 4 88 9.56 3,45 026 1367 11.45 2,43 075

Daegwanryong .4 121 8.5 4.50 262 2,06 016 1256 870 201 060

Hongcheon &0, 7 7.5 11,4 4,75 219 286 0,24 11.83 10,08 Z.06 0,49

Table 5-3. Total average content of physichemical properties at each sites.
(Pinus densiflora)

Exchangeable
) Available cation
: Sand Silt Clay pH N CEC
Stes oo (el (6 (01 (05 %) (%) N (mefi00g —Me1000
ppm) ca” Mg”

Mt. Palgong &0.9 10,3 82,8 4.5 14 37 2,54 0. 24 958 1385 2,46 0,92

Mt. Gaya 61,8 223 16,0 4. 71 5854 1,71 0,17 9. 80 1243 1.61 0,36

Mt. Minbong 65,1 27.1 7.9 4.91 2028 378 032 12,05 10.42 3.0 0,69

Table 5-4. Total content of soil physichemical properties at Sokwang—Ri.(Ridge, Upper)
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Soll  Bamd Bilt Clay pH O oaelE ] CEC mrﬁm .;..:1.::-.
Sites Textira [x] (3] (=] (E=) Filt (%] (3] LH [psa100g] : .
I-FF-] rat H;“
o il T=E O1D1 161 444 0 4T D41 116 =10 1.50 X, 00
= E2 IEEZ 14.% 4,70 11.™ B3 058 11.E L ER o, o, Z0
= TE.1 O1ZE 151 4, 55 1972 457 D zZ0 15 = 13, B4 Z. 10 o, ED
= TR D T.B 13 % 4, B4 517 33 DET 12 =% 3. 30 0, 50 o 10
= B 1 5.0 L= -] 4, B3 Z 3 B EE D3| 177 506G O, ED o, =0
= .4 27 1% 4, B B BE Z.ED DIE 12 % G B =, 00 o, BO
o il B 1EE ZE. 3 4, 50 28 6,2 DBl 124 T, O, ED o, =0
o il B2 195 16 E 4, B5 1.21 27T D24 11.4 T 48 1.00 o, 50
= GF.1 1B T 16 = 4, GO 11.24 4.3 D030 14 Z 506G 1.10 o 10
Ridge o il 65 157 16,86 4, BEZ BEE 3T DE 11T . 4G 1.50 O, 50
o il ™. 7T 5EE 185 4, T2 1648 B 48 D74 12 E 5 IR 1.7 o, &0
= ™.e BE.E 13.= 4, T3 1206 566 D3 166 11.E8 1.20 o, T
= TE.D B E 12 = 4, G 25T 4. B6 DIE OLILE 1%, 51 O, ED o, 20
= TE. 1 2.1 1Z. B 4, 3E 1217 4.5 D6 17 Z 5 iR 1.00 o, Z0
= B0 DO T.4 126 4, =1 15582 436 03 19D 3. 20 1. 60 o, =0
= TE.4 125 2.1 4, B4 1246 415 03 13D 3. 70 1.50 O, 45
= TG D ¥ E 14 .= 4, B8 DT DB D013 67 11.E8 1.00 o, ED
= =1 11,0 13 % 4.0 W OZ2TE O DE O O1LR 18, 04 1.Z0 o,
= ™R BEEZ 11.% 4, 52 43 50 3, 0Dz 12 % 16, 50 1.10 o, 40
1 T1.2 12 155 4, B4 537 Z10 D15 140 10, 7= 1.40 O, ES
=il S Zoo 195 4, 56 TEs ZE DELOLIZT 15, B4 0, 50 O, 40
T ET.E 3. D 1B E 4, 5= ZER ZE D OI11L=E 14 .53 0, B0 o, =0
1 E2 155 156 4, ED 123 ZEE DE 114 11.E8 3,50 o, T
= eSO 10D 135 4, TO ETE W DI 1T 506G 1.60 o, Z0
= =D 11,1 1R 4, 5T 1% Z 38 D1E 13 D 5T 1.00 o, =0
=il EE 150 16 = 4, BE 1T O 1LLEG D17 1D G B O, ED 1,00
= R E &EHBE 1D 444 2 4.3 DEO1RT VBE 1.z0 o, T
=T B D 154 18 6 4, =1 1IDEE BT D03 171 1% T 1. EO o, 40
= TE. = ¥ E 11.% 4,70 17,0 B.ZT 045 1B .4 - v 1.20 1.10
= D 57 11.= 5. 1% a4 Z T D3 11.= 7. 48 o, o, 40
= gl B 7.4 1D E 5,11 .2 .5 DI 110 o, 44 Z. 00 1. 60
Lpper LE B0 4. 10 B 4, 05 ZER G EL D45 145 3. 20 0, 50 o, 40
= TTTE 1l 11,8 4, 5T == 5T 4.3 DI 161 15, B4 1.50 O, 50
B = TTE 1Dl O 1E 1 4, 50 1%, B.EEX DO 17,1 13, B4 1.10 o, Z0
= =5 117 13 % 4,71 4,07 642 D4 154 11,00 O, ED O, 40
= TE. B E 13 = 4, 56 £ 3 7= 0O 15, & B 26 =, 50 O, &0
= TELE O OID4E 134 4, 45 B Z Z.ZE DO 11.3 1%, 51 1.0 o, T
= B BE.E 13 4 4, 3G 1758 3.4 0O 13, 6 10, T8 1.0 o, Z0
=il =1 150 16 % 4, B3 F2EE OZ 4D DS 134 14,74 0, 50 o, T
=T mE 1432 165 4,43 11,7/ 321 D03 144 1%, 58 1.7 o, =0
= .5 BT 11.B 4. 40 BT 601 D36 16T B 26 1.50 o, T
= =T O11.4 1R 4,70 1537 3. 67T DI6G 143 11, %= 1.70 o, B0
1 H.2 155 196G 4,11 1% 10 3, DI 145 11, %= Z. 40 o, ED
=il oD 147 15 = 4, =T 146 Z™™M D18 151 16, 06 1.50 1,30
= TEZ %1 127 4, B0 Z0.Z 467 D 153 274 1.z0 o 10
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Table 5-5. Total content of soil physichemical properties at Sokwang—Ri.(Middle, Lower)

Excharaeable cation

Hiteg 5011 Samd  Bilt Clar  pH A“;:::mn C L . CEC (me1003)
TextiEra [x] (=) (%] [Feo) [x) (=]} [ma100g]
[ppm) O Mg
7. AR OIEE ITE 45 115 374 D 142 1364 1,30 o, 20
fu il 58D ZE4 IBE 448 T.9E EZWE O DE 117 1958 o, B o, 30
1. GT.R 14.% 17RO 49 1L 3T O1Em D1% BB 16,28 1,80 1,20
T, EED 1E% 171 446 0 BOE 2 D O11B 1408 1,50 0, 40
1. B2E 193 185 448 19 TE 3 DB 138 167 1,20 o, B
1. .5 17T.E 17T 4.8l EEE 340 0.2 14.4 1650 Z, 00 0, B
T, S 139 166 4.3 R OBER DB 00 1496 1,30 0, &
= me 11 141 4T Z, 96 B a8 00X 184 G 46 [, i o, Al
. M5 172 183 4.5 B3 3ET ODEE 145 =] 1,00 0, 40
1. 7LD 135 15 SO0 517 213 DIE 115 1D.7B % B0 0, 40
Middle - e TH 12% 53 3,24 1.9 0,17 116 1,54 1,80 [, T
= o 10E 13X 50D B, O 33 02 16D 4, 40 z B0 [, T
Slpe 5% BRS 136 178 493 286 3 03 IEE 103 1,40 o, 30
- 72,4 14,0 13T 4 Hx T 2ab 015 158 T 2 Z, 40 [, G
= Tan 1X5% 145 & 14 A 5X 344 03 116 B, 12 ] 2,30
= Tae 1:X3 13 430 HEL 617 0,43 142 10,34 I, Bl [, B
= B0Ss 93 103 440 MMOS BTE 0,42 161 13,20 1,20 [, 2
gL B1,1 B2 107 440 3o 154 015 102 10,12 1,10 [, 40
. 7101 131 1SE 4.6 D4 1.B0 01T 10T 14,30 1,00 0, &
1. BB 143 16% 487 076 1,73 D15 11,2 14,30 1,50 o, 30
. TR O1ZE O1ME O4BE  OTE 1,72 D17 10D 1D.34 1,60 0, B
. TILRE O1Z.4 ISE 4B FIAE RO ODOI% O IDE  1Z.10 1,30 0, B
= ™0 11,1 14 5% 453 .41 2,83 0,2 123 G 02 1,40 1,20
gL ™3 1x1 96 452 a7 1,88 0,17 116 11,47 1,56 1,15
g B2 9B 140 4T IN-"] 2,20 01% 116 12 18 1,55 [, Bl
= T4.Z 11,5 143 4.6 EBE 446 0,31 144 15.E4 1,20 0, B
1. 7LD 131 1% 4.7F  1Z 06 4.1 D 163 1T.EZ Z. 40 o, 30
= B 15% 161 4B X003 38 0,27 144 22 00 z an o, B
= ™1 1x0 12% 4.3 10,88 6,13 0,41 14,9 14 B2 1, 00 [, 4
= ™e a7 124 4,97 a2 B.40 03 163 2,3 1,60 o, B
. MR 33 OIGE 4.TF B4 BER D46 1SR &, 60 0, B o, T
= gL B E 104 4 B5 B, B 4. B8 D3 144 5 T2 1, 6D [, 4
= gLa T 11,% 4.3 T EE 1,80 03 51 2, 64 1,10 [, i
gL g2 4 BB OB 4 EE 1151 22 015 125 5, % 0, B0 [, 30
Loraer = T2 4 131 145 4,47 ZMmex 381 0,2 162 4 B2 1,10 [, Bl
LE B0 ZZ I1ZE 4.3:E 1BW 375 0 14.3 4,18 1,40 o, 70
Slope 5 w0 16,% 121 4,27 1510 4T 00X 14,7 11,44 1,20 1,00
i D 2.7 1B 474 E4E E44 03 OIBD 1474 Z. 40 o, 30
21 D 157 153 4 B 511 D3 172 1650 1,60 o, 30
il D ZEE OIT.4 4% 0 EOD0 mO0l 0,34 148 11.ES 3,20 1,50
. B0 156 164 4 TR 402 D3 142 1474 1,10 o, 30
= T 11,1 12% 4B M 681 0,44 157 11, 6 1,7 i, 1
gL 71,8 144 132 4 G2 3 52 TET 0EL 153 B 14 Z 40 [, B
g 7,7 128 14858 4 m 1,03 1.0 018 103 G 45 1,30 O, 10
T, G700 1EE 1G5 4B OTE 1.8 DIE 102 4,84 1,70 o, 30
g M0 11,0 130 458 TW 347 0,27 131 11,60 220 1T
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Table 5-6. Total content of soil physichemical properties at Sokwang-Ri.(Valley)

Soil Eamd Eilr Clay  pH  alable H ge -Gl ctkm
Siten Pl [aF (e 100g)
Textura [x] [} (%] [0 (=] Im) (me100g)

'-FFﬂ'] |'_'.I.“ “;11

. EOE B3 109 473 1206 &588 03 161 1364 2 1,30 2 OLED
= ElL? T2 109 4T T3 490 D0ZE 173 9.50 3. 00 1,20
= EEE GB1 10,1 441 931 4,14 DOZE 150 418 Z. a0 1,20
= EILZ B0 WE 45 489 T35 046 1ED T.92 z. 30 1,20
= Es0D 45 10% 4.9 2434 4.5 DZE 166 3. z. 30 0. BO
=L TrE BB 19 457 14.F7 3,11 D24 13 E BT 1,60 [, 20
oy ERD 145 165 4.5 1510 Z.EB4 DE 13 T.48 1.40 0, S0
= EOD B3 10T 4G F.ED G35 044 145 946 1,20 0, 40
= E0® B3 I10E 467 T.1D 4E5 O3 140 616 1,00 0, 40
Valley S 7E.0 101 11,8 496 1344 345 03 4T 5w Z. 50 1.2
= TEE 103 13 F 493 2 WES ZEE DI 1ET A 16 Z. 00 0, 50
= OELE E1 134 4, I0DIE O 31E OB 133 Z4Z 1,20 [, 30
gz ES5 4.4 101 447 3T 374 OE7 13 E 13,42 330 z. 20
o TEE 124 151 474 048 1,49 D14 16E 1540 1,00 b, 50
= TM.E 11,7 1% 465 1.9 1,98 O01E 11,3 14 96 1.30 1,10
= TEZ B0 118 4892 Q02 S8 O 11,7 13.64 1,60 0,90
= OTE.1 107 13 4% 1.9 ZU9 024 IEZE  1Z.10 1,60 0, 40
L EOD BS 115 444 B3 424 0O IZW  1Z.96 1.40 0,90
=L TrLE BW® 139 457 437 140 01 11,7 13,79 1,60 0. BO
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Table 5-7. Total content of soil physichemical properties at Uljin.

wadlakil s la = g
Boil Sarad Silt Clay H A F;:E. o C K ol CEC Buch [T [
Texture  [x) %) [x] [H=0) %) (x} [ 100g) - -
[ppe) Ca Mg

T 141 1300 514 B4 1.8 a0 &2 15, 40 B, 00 160
650 172 138 BOE T Zad b 100G 18, 4 B, 00
658 142 160 4.BF .04 145 016 B & 17.16 4.0
BG.Z 2B 1m0 444 6,45 185 01 B & 14.56 2.E0
B0 W1 155 4.7 548 138 D14 5B 10,23 2.0
wT 7B 13E 4T 6,45 163 01T ] B, 35 2.E0
a3 144 4T .48 645 BEL 127 B, 1,50
T3 1z4 113 4.ER s ol b1 1004 7.6 2.0
Tha 1ls 1hE 454 3 153 00 5.0 10,23 1,50
BeE 147 168 4.3 .86 185 01 B3 14. 08 200
B6.B 218 2.4 418 a4 1.8 BT 7.6 B, 35 2.0
Ba.6 155 166 4.8 B35 120 (13 5. 6. 47 2.E0
68T 144 155 4B R - T R 1 B 11,88 2.0
6.6 114  1%1 4.5 453 106 01T 6.3 6. 16 1,70
wE 131G 4T 462 158 1T 1@ E.E4 2.0
TWH 1 1bG 452 346 1.7 Do ] 6. BT 2,40
BlLEZ  OBE HGH 4B 285 146 D14 10.m 745 2,00
BE 52 1B 454 - R O R R T 5.1 6. T 2.
mE BE 11LE 4.EE 4.0 186 DD B4 133 2.E0
B1LE B2 123 B.O0 M 1.3 o 7.1 5. 6@ 2,80
BaE B4 104 4B B35 20l boIm 10 13,42 2,00
w4 T4 14.F 4B 40 23 I 123 10, 45 2.0
2B 16 145 406 254 188 D15 1001 14.56 1.
a0 1zl 135 440 a4 1w BT 7.8 16,80 1.
wE 54 118 BI6 B 133 016 B3 7.0
TacT 13T 126 4B O S . S O 1. £.1 16,72
TaH 140 131 4. .84 130 BT .0 5. 45
E 172 16 a.E4 aps 134 BT 7.8 1452
Taa  13B 1%E 4.EE 4.0 155 1B 114 16,80
ES. 1 1w = 16, T 4. B4 3,19 1.8 . 15 12. % 11.44
TE.E 116 135 4Bl B 1.16 OIS 7.8 7.5
BlLS T2 1bG 448 a8 17T BIE 1.3 6. B4
o E Bl 11.F 4. 58 3. 67 1.55 0. 14 14.4 T.45
B2l T4 1B 4.EF 13T 1M 016 B0 11.66
BE BE 112 B 348 0ES D16 E. 4 1034
BT 65 114 4.3 478 1. D 5B 11,00

o
B

b

ppppppippppppppppppppppfiipfdieppppplne
B

A A A A A v e
cESBSEEEEEEEES3EEEE88588c8EEE888E8588E858

HERPRPEREEEEQROR R RRR R R R
BEESEEBEECEEEEEE8380E8888885888

EiC 20 24 ME 4. 63 .53 bad o 013 an 11.44

HZ %5 e 4.5 4.8z 354 bTe 015 8.z 13,64

on 5.5 136 185 4.40 £.48 0BT 013 B 5. 45

on Eae 187 155 4. B0 i.m 1.86 DB -] 11.44

nif 86 ;a3 .z 4.0z 4.0 0E3 013 T.a 10,78 0.0
nif BB0 2T 13 4.54 a.1% 1.11 16 g% 13,64 0,80
nif Bl.5 a4 11 4. 2T .54 LEa 013 7.4 11,68 0. 20
on BB 178 174 4.3 .45 1.3 015 BE 12,76 0. B
EL By, ¥ T8 114 4.41 £.48 3.0 Doas 10,7 5. B8 0. 20
EL B a 85 108 4.81 4.3 217 b 10,3 B, B 0. B0
EL e Bl 141 4. 63 L.TE 1.3 01T T8 11.00 0. B0
EL = E I [ S TN 4.80 383 1.43 D18 T8 11.44 010
EL e 11T 128 4.13 437 1.88 016 L] 11.00 0. B
i & E1 13,4 4. 18 3. 1,77 . 16 11.4 11. 2% 1. B0
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Table 5-7. Total content of soil physichemical properties at Mt. Eungbong

Amllable

Excharaeable cation

aoll Sard Silt Claw pH C N CFC
I_m.-‘!l.lIg]
Texture (%] [m] (%) Fala (=i L4} [0 |
B o) teAtte) oy Ma
s .0 115  1E5 4.5 23.0%  %.2% 0Tl 1%0 11,22 4.50 0.in
E-u B5.0 158 152 4.53 .44 BES  DEZ 1385 32 g.10 0. 50
e BE.0 153 18T 46T 6.3 B3 0.8 148 .12 4.m 2.10
e BE.0 1BE 16 4.B3 W S0 04 14,32 18,70 6.0 0. i
8L 722 145 155 496 B4 752 05 148 176D 5. 70 010
L e 165 126 5m 17.06 8.2F 0.6 132 2.2z 5,40 Z.40
L %0 165 14.5 4.6% 1951 740 049 152 17.62 3. 70 1.10
e B 150 161 4T 4. B0 BEZ 08 159 16,80 . 1.80
E-u B1.% 183 158 4.27 202 BA b4 1T .12 AE0 1.40
8L 7.0 144 146 4.6 JEEE  BE BEE 150 1936 5. 00 i.40
E-u MG 50 170 4 B8 38T L.3E 123 17,38 4. B0 1.0
e e 13 1TT 4.Ea 1245 4.X  oom 1T 18,45 4.0 1.8
e MWEO1LE O1LE 458 186 18T 0.3 11.4 17.58 4.m 1.7
E-u B0 1BE 16,2 4.54 e 550 04l 14.4 17.16 4.40 1.8
i BTG5 21T M4 4Bl W.EZ 5T3 040 14.3 0,00 . a.an
i B0 ILE  ME 4.Em 1785 481 03T 133 15.18 4.40 1.40
8L B0 TR 1Ed 4TS 6,75 17 o s o560 3.80 0,50
L 791 B.1 1Z6 4.67 1665 1.5 0.3 5.4 9.4 3.m 1.50
L EE OSE  1E6 4T GG 05 B1F 39 9. E& £.E0 0.ED
8L 777 ikE 10 535 idEE 2.2 0B BT 9. 0% 570 2,30
8L TE 0 BE 1%i1 4 H.oee pes  BiFT 56 E.BZ 4.00 0. 70
8L e B 116 4.6 .16 1.8 miE &1 B 56 410 i.i0
8L BLE TR BB ES B35 1552 Bwd 143 .5 &, 40 3. 60
L M5 155 w0 4@ W M0 107 131 23.96 4.30 1.40
L JEE O OIGT 1ZS 430 4.7 1325 0B 15.1 2.2z 4.50 1.60
e B4 158 158 4.80 EE.ER 1015 OGB4 158 a0 G2 AE0 1.0
L 8.1 10 119 4.5 MWEE 11.ZF  BTT 146 23.54 4,80 1.50
L 7.4 184 1.2 4.5 IBE0 E4Z 0SE 15.0 20, 24 4.0 0B
e BELE 165 143 4.8A aa TET nER 116 1%, 34 4.0 1.80
E-u BE.S 163 168 4.67 e BB 044 145 10, 2% 4.0 1.40
i A 2l Ml 4T e Bd4% 0aT 148 18,54 8.0 1.7
i B 240 151 4.8 %16 EO06 04 133 13,88 a,50 1.0
L Bl.S 293 I 502 39 AR 03 114 .12 £. 0 1,60
L DG 266 124 4.9G =6 02 039 104 11.67 5. 60 1.40
L 635 2.5 1Z0  4.87 wmoF e B3 116 1055 4.80 160
8L 785  ik0 115 514 i3 4.3F 4D DG i3.56 ] i.50
8L 754 126 120 480 &g 519 B3 133 i5.45 5. 00 i.30
8L 45  16.5% 142 4.6 3357 EME 037 i0E 14,56 5. di 150
L ME 141 111 502 22T OIDS0 0B 13.0 046 4,60 1.20
L 756 132 11.Z  4.97 1645 557 044 127 15.65 4.7 1.30
8L 7.4 120 116 4.6 5 ETE  dE 140 i5. 64 .60 160
8L 776 115 BT 4T 5.7 5.3 045 122 14.35 550 Z.00
8L EE 156 14 4R 143 358 0.3 ine i3.56 4.50 2,50
8L BB 155 14.5 466 JE40 555 D37 4.9 14.5% 5. 60 170
E-u Troo 135 141 4.5 2.0 4.Ts 4B BB 14,87 4.40 1.40
e mil 141 158 488 i 615 0o 16.0 1232 4.80 0. 40
e TE 12T 1n1 458 Mps  B13 04E 11,2 131,88 4.10 1.30
L 7.7 M0 1.F 4TR W LS 0IS 118 11.44 5.0 1.40
e 7.0 164 166 4R amen 38R 0IG 123 11,88 8.0 1.0
a8 BE.E 153 182 4.EE 2% 67 4.10 G 1T 1365 4.m 1.40




Table 5-9. Total content of soil physichemical properties at Mt. Chungok.

Beatlakla Excharasable cation
Eoil Sand Bilt Clas pH C K ol CEC lm:ﬁ;]
Texture %) (%] (9] HeAD) e (=] (=] (e 100571 - ™
|ppm) Ca 2]
= ] 11.6 1Z2. 4 4, ™™ 16, 20 T.OT 0, ED 11. B 14 =0 4, =0 [nc-u}
= ™o B.4 11.7 4,74 15 =7 R 0,67 13,7 B.ED L= =" n ] 1.40
b= BT, B 16,1 15 3 4, 16T 4, TE 0 38 1Z2. 4 T.0Z 3. TD 1. 00
= ] 10.% 13,1 4, 55 10 48 51D 0, 40 129 1024 4, 0D 0, ED
b= Bl O 18.3 =, T 4, BB T, 04 0 43 15, 4 11, 44 4, ED 0, ED
I 5l.E 1.7 e 4, 13,52 G, 5l 0, 34 19,1 14. 0= 4,10 0, D
= TI.Z 11.1 11.7 4, 51 15 B8 [ 0.7 15, 4 Q. o7 4, B0 0.
b= ==l ] 14,7 15 4 4, 57 18, == 4. B2 0, =1 14. % 14 =0 4, 40 0, 50
b= [cen] 157 =.3 4, B 10 14 5 ZT 0, =1 17.0 L= e § 4, B0 0, ED
b= B3, 0 150 =.0 4, Bl 13. 08 5, 0,z 17. 6 1024 4, &0 1.70
b= == ] 16,5 105 4, 4% 12, 41 6B G 0, 40 17. = 14. 0= 35D 0, D
b= mT.R 19.3 =. B 4. 45 17. =8 4, =0 0, 151 21 .56 3. TD 1.70
b= Rz 16.3 =.5 4, 14 EZ 4, 07 [ c+4 12,7 G, EBD 35D 0, ED
b= B3R 153 B 4, 10 5T 5 =0 0,35 14,7 [= ] xln] 3. ED 0, 40
b= B2 15. B 2.3 4,74 12, B85 51z 033 15 6 B, 90 3,40 0, D
b= Bl O 16,7 =.3 4, 13,14 4 GE [ c+4 15 6 10 1% 3 ED 1.70
b= B35 15. B =, T 4, 1Z. 10 51z 0,35 14. 6 11.75% 4, =0 1.10
b= B2 5 17.2 b e 4, 52 12, B G 1z 0, 4z 14. 6 10 52 3. ED 1.70
= =5 17.2 4.3 4, 11, E6 (=T 0,63 L=~ | 11 .26 35D 0, D
= TI. B 18.3 4.1 5 1E 10, 5 4. Bl 0, 50 B.Z 12. 52 4,10 [}
= TI.Z 1Z.4 10, 4 4, 12. T8 G 38 0, &= 11.0 12, Z0 3. TD 0, D
= =5 o1 1Z2. 4 4 GE 12,74 B, 0, 11.% T 4% 4, 0D 1.70
b= B3 E 16.3 5 4, 11. =0 T.5T 0, B 11.0 B. 48 3,40 1.10
b= == ] 17.3 17. B 4, BT 12, 48 [ 0, & 10 B L= L=} 2.50 1.40
b= == ] 17.4 17. 6 4. ET 14, =8 5 40 0 53 10, 4 8. 40 2. ED 1. 00
= TT. 4 135 = 4, 05 11. 48 G 40 0, EBZ 103 1020 330 0, D
b= BT 17.%9 0.4 4. EZ 15, 5 B.5 0, &4 15 5 1035 310 1.10
I BB 2z 4 =0 4. El 14, B8 5 40 0, 5Bz 106 1Z2. 55 35D o,
= ™5 127 T.E 4 Ed 13. 30 [ 0,57 106 |- c] 3. ED 0. ES
= 3 14. 6 = 4. 48 15 4% 505 0, 50 101 11.2 4, 0D o,
= TG, 4 15. B T.E 4, 51 12, 48 [T 151 0, EBZ 10, 4 1Z. 48 310 1.10
= 1 15. B B.1 4, Th 13. B8 [=JRr 0 53 11. = 13. 4% b s ] 1.
b= == ] 17.2 =0 4, 532 11.E4 5ER 0,55 10 = B .2 2.50 1.
b= == = 16.% 18,3 4, TT 13, EfR [ n ] 0, & 10 = B. 48 3. 00 1.
b= = 16,1 19,6 4, 532 14, 53 [ 1x] 0, Bl 106 |- 2.3 o,
= ™, 7T 155 B. 4 4. 5 11.74 5ER 0,57 100 QEZ 3 ED 1.10
b= B2 T 16.B 5 4, T2 13,63 G, 0, 50 11.1 1020 3.4 1.35
b= = 18. 4 17.3 4 FE& 11. 7= T 4% 0,63 11.% 11. .48 2.0 0, ED
= T T 155 G4 4 Ed 10 E1 B, 45 0, B 12.3 12 BB 319 0. ES
= i 16.B B3 4, Gl 13, %1 [=JRr 0, 45 129 11. 69 3.2 075
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Table 5-10. Total content of soil physichemical properties at Mt. Kumma.

Eoil Sand Silt Clayw =] ATRdlaEle C 1 = mzl::-l.l‘hln I;.tim
Texture (%] =] (51 [Red) Pl =) (=} = [ 1000) =

'-FFﬂ'] ca™ H;-n

=1L m, o 14.0 16 D 4, =7 =, .48 o, &5 1Z. 0 B, 18 4 ED 1,00 B
=L Td, o 125 135 4. 18 45 15 4. 51 [ ) 13.3 13, 42 5. ED 1.70
=L T2 B B8 1Z. D 4, & T, PO L s O, &1 153 16, S 5,590 3,30
[l EZ. 4 2.0 16, & 4 B 44 0F 4. 08 O, 22 1Z2. B 16232 [ ] =, 50
= ES, O 17. 6 14. 4 4. 1% 13 z. 02 O, 13. 4 15 B84 3.ED 1.20
= ES, O 18.2 13. B 4. Z1 s O = 23 o3 14 & 14 52 3.ED 1.20
= Bd, O T.1 B9 5 =0, El ] o, =4 11.= 11. 82 Q.40 4. 10
= EZ.E T.2 L=} 5 37 15 03 4, 0% o, 3T 10 % 16, 05 11.BO 310
= [ W] B3 B.B &, O E B .19 O, 26 B.5 B, 1E G, 0 2. 20
L= EE. O B 8.4 EZ5 15 B 1.11 o, 1B 6.3 4 BE T.Z0 1.ED
= PR 13.6 10 % 4. 1% =6, B 4, TE o, 41 11.4 13. 20 4. Z0 =, 320
= TE. 4 11.5 10,1 4, 5% =, 16 4,01 [ ) 11.B o OZE 5. E0 1,50
= 8. E 108 106 4, R0 =, G G, oG o, 5 12,1 13, 42 T.BO 3. 20
= PN 13.7 11.2 4, 65 18,13 | 9 =5 o, 5 12.3 175 G, Z0 3. 20
= T2 4 11.2 9.4 5 3 15, B 524 O, 45 11.B T 46 T. 70 1,50
= B0, O 11.1 8% 511 17. 03 4, 05 o, 44 11.1 T. 26 G, 70 3. 50
= T1.1 15 8 1Z.1 4. 08 14, 55 - =7 o, 25 1Z2. 6 | - 510 1,50
= ER, O 172 13. B 4, R0 1Z. 8% | o, 78 12.3 16, 06 4. 40 = B0
= m 5 18. G 10 % 5 O 1.BG &4, 2% o, 3= 135 |- 9="5 G, 30 5, 20
= .5 172 11.2 [ G, OO Z. WG o, ZT 10% 13,64 G, BO =. 40
1. L= T3 15,7 4, 48 = - ¢ z.TE [ 13,1 15 & 4. 40 1.EO
[l ET.E 2.3 i e ] 4. == =37 z, O, 1B 17.% [+ =1} 4. 10 1. 20
= il ES, T 197 15,1 2 TE B, B 4. 16 O, 25 15 E 15 B84 4. 10 0,50
1. == ] 2.2 1. B 4, 37 44 B 5B O, 36 14. B 15 62 3,50 1,00
= il ER B 16,7 17. 4 4. = =69 Z. B o, 21 12.2 [+ =1} 4. 10 0,50
= il Ed T 170 17.2 4, 44 = 57 1.E5 o 17T 107 1Z. 10 4. Z0 O, ED
=1L ER 2 150 15 B8 4, 15 =36 1.5 o, 1% 10,4 11, 66 4, S0 0, ED
=L EE.G  1E5 165 414 1ETE Bl DI 11,0 1453 4,10 o, 70
= T4, B 106G 14 & 4 48 14, =T .17 o, 16 196 1024 3.ED 1.00
= il EG % 170 15z 4. 13, 7% 1,45 o, 1B B.1 11. 44 3.ED 0, ED
= TG, 4 1Z2. 6 11. O 4, BF 18,35 . WD O, 35 11.1 11,10 3. B0 1,20
= 7.3 13.2 2.5 4, TR 15 6 . BD o, ZT 14,1 . 20 .40 o, 50
= T2 12,4 a4 4, B 1% 37 4, 35 o, 37T 11.B 10 40 4 20 1.29
= 7.3 127 10O 4, 55 17, 83 3. 6B o, 43 a6 1010 3. B0 1.50
= 8.2 135 8.3 4, B 15, 8 4,30 O, 137 .4l 3. 20 1.BDO
= T2 4 11.6 Q.0 505 13,58 ] o, 31 11.5% B, 4D 3. 10 1,50
= T4, B 15 =2 10O 4, T4 16, 73 4, 5 O, 11.6 T, 36 =50 1.50
= T4, 157 9.4 4, 8% 1z, = 257 O, 75 14,3 1035 .40 1.40
= T3.E 16 2 102 5. 0O 1o, =7 3 1 o, 31 103 T 48 3. B0 1.BDO
= T4, 2 159 L= =] [ = QET .01 o, 24 125 T.3B 3. 50 1,20
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Table 5-11. Total content of soil physichemical properties at Mt. Tonggo.

So0il  mamd  Silt  Clay  pH  alakla H g IMEEARLE CaTien
Tewture (x) (a3 (%) (O} PO m x 7 (me10og) o L
1==s) Ca- M
[l M, T Z1.E =.5 4, =1 24 4, 3F 0, .z 14. 6 10, 1% 4. 1D O, Z0
= il == = 16.B 18. 4 4, = 14 . =7 B, & 04z 15 0 14,74 2T 1.40
= Tr.O B.8 14, = 4. 49 17. 20 5 TZ 041 1. B L= 4, G0 1,00
= TG0 10,4 13. 6 4, 59 ¥ 31 5.5 0, 40 14,1 14,74 5.0 1,50
= T2.0 13.7 14,2 4 0 =, 30 4, 26 033 1Z. 8 11 .66 4. 40 (=N
=1L TL.5 13,4 151 4, 55 Bh, BT 4, 5% 038 1z D 13 B& 3.BED 1.Z0
= il e E 19,0 =z 4 48 27. 3 G, 3 04z 151 17. 16 5. 4D o, ED
= il T 17.2 17.1 4, T4 10, 6= T.E3 043 17. 6 17 ED G 40 . 40
1. 55 3.1 =, 4 400 TE 18 4. 0,35 18 % 13 4% 4, ED 1,30
= il B30 17.9 19,1 4 51 40, 1% E 11 0, 3= 15 B [ - u] G 1D o, 40
= il =] 153 18. = 4. 45 1% == T.15 0, 44 16,4 10, =4 L= Tc- ] 1,00
=1L 6T, 0 156G 17,4 4, 36 1%, T8 B 43 0, 50 16 & 11,44 4, T o, T
= il =2 B =] 166G 18. 6 4 B3 47, B3 | 9 ] 0.ET 1.2 14, =0 5.TD o, T
= il BT @ 153 15 B 4 63 =19 | ] 0.ET 17.1 15, 40 G o, 40
= TL.5 14. 2 14, = 4. 49 1.50 B 17 043 14.5 172,51 4 BED (=N
=1L T1. B 15,1 15 0 4. 45 1.50 G, 28 0, 44 14. 2 5 TE 4, Z0 0, B0
=L T, 1 13.7 11. = 4. 47T 1.31 G, 48 045 14. = B 14 3.BED 1, D0
=L 3.7 1Z.1 14, = 4, 3T 1.B6 G 5T 0, 44 14.% B 14 3,00 0, B0
= il (== 18.3 15 = 4 GE E, 2T L [n e 13 B ] 4. 1D 1,50
= il B3 B 19.3 15 % 4 E3 [ I 5 1D 041 1% 4 T 49 3. 0, B0
= ™R 16,8 T3 4. TE 15 328 4. 0% 0 38 10,8 17, 24 4, o, 50
= ™R 1Z. 4 11.7 4. 69 10, 1% 3.0 033 10,0 11. 73232 4, 1.Z0
= Ta. O 106G 11.4 4. 45 14,285 4,538 0,35 125 10, 5 4. 10 1.10
=1L T 5 1Z. 4 17.1 400 =, 3E 4, 20 [n e x] 10,8 11. 85 ] 1.15%
=L T4, = 15 3 10,4 4, T3 T, 4% 5 3T 0, 44 1Z. 2 12,538 3,40 0, 55
= il m 1 12.3 17. 6 4 ET .2 L ) 047 1Z. D0 L L} ] o, T
= il B3 17.3 14,4 4. TE 10, == 4. B2 [n e 1% 4 11.70 2.5 0, B0
= TE. 102 11. 6 4, 08 11. 28 36T 033 11.1 1%, 28 4, 30 1.15%
=1L 62, 4 17.3 . E 4, B0 13 % 4, 65 038 123 13 B4 3,35 0, 55
= il =2 ] 16.2 185 511 1z 1% 4. B2 0.ET 125 11.7= 3.4D 1,55
= ] 155 B.1 5 OL 30, 30 3.0 0,3 11.6 10, 0= 5, OO 1,50
= il == = 153 195 4 5 = 10 4 E& 0, 3z 153 1Z. B2 L=} 0o, TS
= =T 14. 2 L 4, G LAE 5. T0 046 1Z. 4 L .80 O, B5
=1L == ] 17.3 17.7 4, T LA 4, BG 0 4% L ] B 48 3. o, BD
= il [ 18. 2 15 4 4 53 1. 20 5Tz 051 11.2 2T 3. 1,05
= il =7 ] 16.B 17.3 4 55 15 565 E, 20 0 53 11.% =B 4 5O o, ED
=1L =] 16. 6 155 4, B8 20, 10 4, BG 0, 44 11. 0 10, =7 3. i 0, 55
B BE.1  I5Z 16T 4.B9  IEZE 3E4 D3 124 11,36 4.30 b, T
= 3 1Z.B 10 % 4. T E. EAR L | 0 45 11.0 =B 321D 0, B0
= il == 17.2 13,7 4 ED 2. 1E 4 =8 047 B3 10, =8 Z2. .00 1.15
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Table 5-12. Total content of soil physichemical properties at Namhaeryong( I ).

Eoil  Samd  Bilt  Clay dmdisle . H e mn:::“ ']:“1"'
Texwture (=) (=) (=) [FeO) s =) (=] e (e 100g) et
'-FFﬂ'] El“ H;“
T =m 74T 13.Z 1%1 S.E 407 33 0OF0 17,17 ZOE4 0 SN0 1,00
= TEE O1E1 11,1 5 6, 9T 471 D042 11,00 1ESD 5 70 0,90
= EEE  T.0 I10E 517 B.49 4% 030 1530 123 Z.00 1.E0
L= ES 1B 9% 5 w40 3Em 0.3 9.ER 7.5 Z.00 1.z0
o BlLS Z1.4 17.1 4, 11,7 01 038 10858 1E4E 2,30 0, B0
o7 GO 178 15% 487 1EEE E WS 0T 10BZ 1606 260 0,80
= EO0 176 144 470 1EWE  EEZ D03 10041 1T.ED 5 30 Z.10
= Bz 175 133 4, 11,70 B0 1451 195 Z.00 1.10
= GT.T 196 1ET 511 9,05 302 D0ZE IDEE 574 8,50 1.00
= ES 1E4 1E1 4.ER 1Z.F I 0O, 15,09 2454 7.30 4,30
= EEE &4 11,8 48D 19 5l 408 D030 1344 968 1.10 0,30
= B4 T.6 1Z0 4B 1Z3E 4.4% 03T 1214 1EIE 0,50 0,10
1 2TEE 11.F 1E0 4.6 14 364 DI 1516 16 TE 1.10 0,20
Zq TEO RO 150 465 1467 EEE OIE 1414 1716 1.30 0, 50
= EE1 BE 11,1 4. T7F 11.FE 4,41 D, 1Z.E2 1430 1.00 0,30
= EED SE 11,2 4B 1DFE  4.F D, 12,68 14.%% 0. 50 0,20
= 745 11,5 4.0 4B 11.Wm I TE 0O 11,91 1354 2,30 0O, 50
= 742 1Z.0 1B 481 139 IS 0O, 15,53 15 40 Z 00 0,20
= EE1 O EE 116 S0 11,02 498 03T 1338 1048 Z. 55 1.05
= Bb,1 T.F IEG 4.EHE 946 2.3 D016 1463 B39 Z.10 0, 5
1= BZ 4% BB 53 6I9 4% 011 I|WEL T.49 210 1.10
= TEE 172 91 4TE T4 Z.4% D0.Z1  I11.EG  1Z 48 3,40 1.05
= B3 163 144 4. BE  B.SA 2.3 0,20 11,90 14,39 4. 45 Z.70
= 2 123 1AW 4B 495 2@ D1B 1272 1Z.ES Z.10 1.20
g1 G317 154 4.EE & IE 2.3 D0.ZF IDEG 1048 1.15 0,90
@7 BEE 164 1T 43T TG 301 0ZE  13EE 1348 210 0,75
= =1 O1E.0 4.9 5 5. 49 219 D.FF OBEE 1948 Z. 55 1.10
= TR O1ET B0 BOB B4D 3@ 0.3 I0EL 1Z.47 0 23S 0,70
= TEE 1B 1bS 4.9 ©.5T 4®m 0.3 1416 11,3 2.0 0, B0
= T™E O OI15F 144 4.BT  T.ES 3IE D@ 11,34 1549 2,30 0,80
= TE1IO11.E 1EE 4, 15,37 ¥ 030 11.34  B.E8 1.00 0,70
= 740 11,9 141 470 14 EF SEE D5 108 5 7F 0. ED 1.00
= TE.0 1B 11,2 5 12,34 EEF D0FE 1180 B 14 4,30 1.30
= TTE BE 14 516 13 TE  EEE DI 1314 T.48 2,50 0O, 50
= TE.T WE  1EE 4.BE 145 R 40 D16 1476 5 5O 1.40 0,40
= TmE 10 141 480 539 3E 03 11,03 4.ED 1.50 0,10
= Bl.E B0 I1EE 4.8 51T 4% D042 1045  T.70 2,30 0,30
= B0 EBE 1EE 4,74 458 3®  0.Z0 1645 T.I6 1.ED O, B0
= EED &5 I1ES B IE 6 EZ R L 504 1.580 0,30
= Bl.S BF 1E3 517 11,51 345 DB 1908 T.IE Z.00 0O, 50
L= e 4.1 10,1 4, 13,17 4. O 158 374 1.10 0, 40
= EEZ BS5S  103 4, 5 R Z.1%  OE0 11,11 7. 4E 1,60 b, B
[l Bl.O ZEE 1EE 4, B, B9 W 019 148 11.BA 1.20 0, B
[l BT ZED OIBE 4, B, B9 3I®m 03 I10E 116G 1,60 b, T
= TR O1E.4 102 48T T.I@ .ED  OE0 11,00 10 1.80 b, B
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Table 5-12. Total content of soil physichemical properties at Namhaeryong(II).

Eoil  Samd  Silt  Clay  pH dmdisle . H e Mrl':::m ']:"ﬂm
Texwture (=) (=) (=) [FeO) s =) (=] wH (e 10051 o
[ ) o Mo
T o=m Tw4 BS 11T 46 S48 02 I 40 019 1T.ER 0 wE 1.8% 0 OLED
= BO2 EEF 11,4 497 109G 430 03 11T 9w z. 20 0, S0
= TEE 10 115 477 939 43 0 1998 T.49 1, [, 20
= 7.9 1E.1 100 4. EE B 38 2.3 017 1406 E9G 1.7 [, 30
= BOZ 1002 W5 5z 10F% 439 0@ 17 B 39 1,05 0, 45
L= BE.2 4E HB® 530 117 48 041 11.TE T4 Z. 00 [
= El.Z T.F 11,5 4.5 B 01 018 1DSE B 4% 1,80 o,
= EEBE T.7 W7 5D T.48 43 018 T.E| 749 . 0, 50
= EE 1l T.F IDG 4.EE G4 501 0¥ 1EES B30 Z.10 0, 45
= EEE T.% HBI 4.8 938 43 O I15EE T 1,65 0,3
o B2 T ENE  O1E1 5O B, 5 z, 019 19,58 10,2 1.3 [, 5O
= 7B 13.E BS 4% 1D 4E EO1 017 11.ERE B39 1.20 b, 50
= TE.4 1E.4 112 4.BE 13E 2 EE 018 1EEE §.ED .30 0, 45
= TEW OIDE 1EW 4B B.48 e 0F 1EE B z. 20 b, EE
m B2 OIS 1EE 490 4,39 2@ 01m 11.BE 10 Z.10 b, B
= 71112 1EE 4TS 183 0 EES OF0 11,24 BOE 1.00 o, 70
= 7.0 11,9 14,1 470 14.ER Z15% 018 11,3 5 TZ 0. B0 1,00
= 7TE0 1B 11,2 SOE 1T 3 E 0Z2 1190 E 14 4,30 1,30
= 7TE WE 1ET4 SI1E 1 TE EEE O 1314 T 4E Z. 50 0, S0
= BT W5 1EE 4BE 14% 1.2 016 T, 5 5 1.40 0, 40
= ™9 10 141 4.B0 1,59 1,13 017 B 4. B0 1,50 0,10
= El.LE 60 1ZZ 4. B0 AT 1.61 018 B.45 7.0 z. 20 [, 30
= B0® BE 1Z3 474 Z.41 1, 0,17 Q.01 7.2 1.80 0, B
= EED W5 1ES 515 334 1. 0,17 T.IT 5o 1,00 [, 30
= Bl.S EZ 1Z3 517 11,51 1, 0,18 B.04 7.2 Z. 00 0, S0
L= B 41 1001 4.EE 1317 EZOE  O1E 11,46 374 1.10 0, 40
= EEZ ES5S 1003 4T 357 Z.1%  OE0 11,11 T 4E 1,60 0, B
o Bl.O T I168B 4.7 OF 1.7% 018 14 11.BA 1,20 0, B
m BT D 153 4T 1.3 1.1 0E0 @41 11,66 1,60 b, T
= T2 1Z.4 1002 4.BT 739 z. 0Z0 11,00 10,39 1,00 0, B
= T4 BT 11T 4B 549 1.8 D019 968 9. 30 1,85 0, S0
= B0E EE 11,4 497 109G 1, 018 100% 9.5 z. 20 0, S0
= TEE 10 115 477 939 210 O 9.nn 7.4 1, [, 20
= 7.9 1E.1 100 4. EE B 38 z. 0,17 1406 B9 1.7 [, 30
= BOZ 1002 @5 SZT  10E 1.9 016 100 B 39 1,05 0, 45
L= BE.2 4E B® 530 117 189 013 14 T 44 Z. 00 [
= El.Z T.F 11,5 4.5 B 01 018 1DSE B 4% 1,80 o,
= EEBE T.7 W7 5D T.48 1, 0,18 10017 T.4% . 0, 50
= EE 1l T.F IDG 4.EE G4 1.72 D01 4= B3 Z.10 o,
= EEE T.% HBI 4.8 938 1, 014 11,3 7. 1,65 0,3
o B2 T ENE  O1E1 5O =19 1.5 01F 1Z.00 1039 1.3 [, 5O
= 7B 13.E BS 4% 1D 4E EO1 017 11.ERE B39 1.20 b, 50
= TE.4 1E.4 112 4.BE 13E 2 EE 018 1EEE §.ED .30 0, 45
= TEW OIDE 1EW 4B B.48 e 0F 1EE B z. 20 b, EE
m B2 OIS 1EE 490 4,39 2@ 01m 11.BE 10 Z.10 b, B
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Table 5-13. Total content of soil physichemical properties at Daegwanryong and

Hongcheon
Scdl  Samd Silt Clay g dlable e AnRARLE AT
BIEE  roenore (m) (%) 0x) (R0) PR (m (x) W masioog) (a1 D09
I'PJ E"|'| m‘!'!
Bl Bl IDS BE 448 T.O8 Z 0l D16 1Z.5E 7.5 3.2 0, 45
Bl B4 153 B3 4.27 EE4 1,84 D15 1ZZT  T.04 z.30 0, 45
B TT.4 11,7 1009 4,39 m.G4 1. 48 D14 1057 B 49 1,80 0,70
EL T4 100E 1004 4.97 G EIE DB 1211 649 1,58 1.00
Daegwan- 5 743 184 7.3 454 774 302 D18 1678 9.3 1.8 0,35
ryong 5 EB7T.3 5.9 BE 4.5 548 210 D15 14,00 B 04 1.5 0, ES
1= =63 B4 T.3 433 1948 1.8 D17 108 1027  1.88 0, 385
EL  TOZ 19.3 100% 4,29 11,27 239 D.E 11,38 938 Z. 00 0, B8
EL 3 164 B3 433 5 1.2% D011 11,73 B89 1,80 0, 58
IS B8B83 BB B9 4E7 BSS 3 D1E 13,78 998 Z.00 0, B8
EL B 101 11,6 4,95 5 238 OZ 11,33 1020 1.45 D, 20
B TE.Z B.F 135 4.73 4.3 IES D3 1242 D48 1.10 0, B
B TE.E 11,3 129 4.90 4.74 Z1E DZ0 1090 B.E9 2,30 0, 7
I B84 4.3 0.3 429 SE4 I 48 D IDES B 49 300 o,
B EZ1 T.5 1004 457 E3  EOS DEE IZEI 7.0 2. 50 0, 20
Honocheon ., .5 gs 13247 689 3.02 0,37 .19 .64 Z.70 0,70
B TE4 1Z.4 11.Z 4,93 9.5 ES6 019 13,47 1227 1.50 0, 30
L TSE T.E 164 S03 G483 ZES DI 1298 1638 0 EOB 0, B0
1= =23 49 BE 468 1923 300 DEE 10078 11,39  1.88 0, ED
L2 E©7T.4 3.9 BT 465 1078 22T D19 11,95 1095  Z 10 0, 20
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Table 5-14. Total content of soil physichemical properties at Mt. Palgong.

Eoil Sard gilt Cla¥y pH A'.Iip:;hln C H ol CEC M.Trqm;g?ﬂm
Texture  [x) (=] =) [pem) e (=) (=} [pee100g) — o
©EL TR 10 120 4.26 moe &16 0BS5S 14T 266 1,00 .04
L WO TS 135 4.1 655 B59 05 1699 19,36 0,50 006
L T Bl 4.0 4.6 El4Z 1Z2.2F 073 1665 19,36 1.00 0.0z
L 730 117 153 4.55 ET.TH  E.S% D3 17.06 20, 50 ] 0. 05
8L 720 i1 169 473 EEDG  BEL D4R 1768 2200 ] o 0%
8L 736 11.% 15.%  4.73 758 FTL DEE 1316 2244 ] (e |
Ls 5.0 4.0 110 539 O T T O S - - = 6. 60 0. 27 0.5
L 2.7 7.8 B4 5IS 1204 324 024 1350 17.56 0. 25 o0
sL BS.0 57 8.3 5.00 4.06 1.5 03 505 16. 36 027 006
8L Bl BD 110 486 A 316 0I5 127 1656 .30 0. 06
s BE.F 4.7 10 4.47 B.ER ZI5 DS 8.4 1% 65 0I5 005
8L Bl.i 95 B4 4.6 452 195 03 5.6 16,75 036 o, 05
8L B0 BT B3 AES EED 14 B3 3.6 17.56 036 o, 0%
LS BE.D 4.6 %4 476 5T S5 0IE 811 17.32 0. 6@ o.an
L DO S0 11,0  4.36 4.5 141 0IE 504 1665 0.2z 005
8L B0 64 126 5.05 342 33 03 10 T4 1436 (] 0. 06
8L 7TE 146 7.7 455 355 DAL BIE L8 6. BE 3.58 i.50
8L EE.T 236 7.7 46D 37 106 DEE 566 7.36 3.57 i.70
8L B4.5 B0 7.7 4@ 335 DAY 035 3ER 7,26 4.2 148
LS BE® 54 T.T A.56 72 219 03 644 ) £.54 0,36
LS BT.E 1.5 10.7 466 2% 150 215 10.00 16,04 3.6 Z.37
Ls BE.D 3.5 10T 46T GRS 1.8 i 1106 16, 4 3.4 4,06
s Mo 1% 7.7 4.3 ExEd  1.87 017 il.58 17,36 .34 046
s Mo 1% 7.7 4.3 1376 1.4 @213 i0.ES 6. 04 .25 i.05
Ls B 1.4 7T 4l 585 105 il 955 18,26 1.97 [V
L TS ME T 4SS 335 0L D10 B0 6. B2 3.50 z.11
L 8T 236 7.7 A4.56 3T 106 D1Z 800 7.26 3.57 1.7%
8L B3 BD 7.7 4 335 BER D1l B8 7.36 4.2z 146
8L 76 1lp B4 437 T4 0D4E  DOE 535 535 Z.04 i.06
s BE.® 54 7.7 4.56 inTE  Zi% B A0.5S &, R £.54 036
Ls BE.® 54 7.7 458 GES DA Bl 5.EE £ 7E 4.0% 027
LS S0 33 7.7 4.1 24 0EE D11 T.EZ 5.72 344 1.56
sL %1 232 T 4.5% 7EE 105 D16 B.5SE 6. B2 .44 0.5%
8L RS 1lE 7.7 438 ilie  1.1% 21 8.5 B 14 i.87 .55
8L Bl.i 121 G.E 418 7EE E37T b ii.3e &, R i.15 005
8L 831 101 BE 445 4.5 17T BiE SEs 7.46 .74 036
8L 75.E 197 5.1 437 37 10% D4 736 7.70 .8 .38
L ET.Z 264 G4 439 5685 0G7T 014 693 7.70 z.1% 1.46
L BZ.® 120 5.1 4.97 7B 1LG @215 7.20 7.82 3.7 Z.67
8L B2l 56 51 454 575 189 01T 11.1F in.56 i.15 045
8L s 244 51 456 i1 1.47 01T BES it 1% oA 044
s BE.T  E.Z B.i1 4.33 3.8 727 DEd 1136 i5. 54 1.5 035
8L E7.4 2435 B3 439 i5.06 3.5% 038 1ZEl 1320 108 0.7
L T2E 195 B3 433 .12 1.6 01T 9.ES 11.66 1.6Z o0&
LS B5.1 9.6 5.1 487 S4Z  F06 0I5 12.34 10,76 Z.73 1.07
8L BZ.D 7.5 10T 413 16 1.4 016 BB 1% 56 i.2m 0.4z
s BE.E  S.7 Ei 435 766 1.6 21T BES i%.14 i85 Z.85
8L BB 101 5.1 4.49 1376 1.1% i 9.4 6. 04 .7 342
Ls Bre 14 7.7 435 335 16 01T G.ES 16,70 % 16 4.24
LS M0 1.3 7T AEm TEE IS 03 5@ 19.14 13.25 0.5

|
|
|
|
|
|
|
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Table 5-15 Total content of soil physichemical properties at Mt. Gaya, Mt. Minbong,
Daegwanryong and Hongcheon.

Soil  Sand Silt Clay pH ool o H e m:ﬂn faien
BATER  rewtore (x) (%) (%) oy P (m (x) O mapeg) ot
lpj E‘“ m-“
L. |mO Z2T.0 150 447 0. TG 1.27 D16 T B3 [ = 4 1,50 [
=1, B.5 17T 0 1ES 4 T 1.59 1.06 DI1E 5 55 14 . C8 O, Qs [
L. 44,7 . ZIT.1 4.8 1Z. 06 ZIE DZEL 1018 15 4D 1,00 0, ED
L B2 % ZE.5H 14.6 4. E8 5.2 215 DZED 1075 13 24 1,55 0 ED
L. B2 Z5 17.3 4,78 [Ec- 204 D1% 1074 12, 4= Z. 0O 0 40
Ht' Ga}'a 2L BB IE 4 127 4. 02 T. 48 1.8 017 11.53 15, 36 1.80 0 35
=, B5% 17T.3 168 5 01 2.9 230 01% 1211 10 36 1,30 0 35
L. =1 225 194 4.ET7 =, 50 1.20 D1z 223 11.E3 o ] O 40
L % Z0o4 147 459 4.8 1.50 D15 10 00 10, 36 1. 85 035
2L GT.5 1E.T 128 4. 53 G 49 1.45 D15 R GET 10 52 1,60 0 35
2L % IER BZ 4.E% 303 Z45 DI OB 45 10, 0% 245 0, 96
2L T IR 2 106G 4,72 ZTE4 Z 04 D T. 66 Q_GT 35 093
2L B2 % 23108 485 T2 ESE DST 11,51 1074 .14 1.0
2L 6BT.2 ZI.011.7 4.7 1035 515 O 11,44 11,45 .85 0 ED
Ht- L 50 IT.R 11.8 4. 6% Z4.00 4B D3 1339 10,73 Z. 40 0 ED
Hil‘lthlI;l L 425 453 5,3 LHO0E Z4ER ZSE D1T 1518 L= 21D 016
2L BT I 51 4% M3 O ZIE DIE OILE == . 40 01z
2L BhEG 23 1 HIE 103 Z 6T DL 14 68 1045 Z. Rl 015
2L o4 5 51 LI ZEE O EE DI 1334 10 E3 =, 50 [ ]
2L TL.T ZE.3 B0 53 MOE ZET DI 1373 11.47 . 00 1.10
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Clay Clay

Sand

Ridge Upper Slope

Clay Clay

Sand

Middle Slope Lower Slope

Clay
Silt

Sand

Valley

Fig 5-7 Particle size distribution in soil at Sokwang-Ri.(Pinus densiflora for. erecta)
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Clay Clay
Silt Silt

Sand Sand

Ulgin Mt. Eungbong

Clay

Sand

Mt. Chungok Mt. Kumma

Clay
Silt

Sand Sand

Mt. Tonggo Namhaeryong

Fig 5-8. Particle size distribution in soil at each sites.(Pinus densiflora for. erecta)
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Silt Clay Clay

Silt
Sand !Sand

Daegwanryong Hongcheon

Fig 5-8. Particle size distribution in soil at each sites.(Pinus densiflora for. erecta)

Silt Clay Clay
silt

Sand sand

Mt. Palgong Mt. Gaya

st clay

Sand

Mt. Minbong

Fig 5-9. Particle size distribution in soil at each sites.(Pinus densiflora)
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Hol A eekrh. (¥ 5-10)

2 Aol g

HlE

w99} A}

Hr

9]

(pH 4.50)° 4 w4 wkekvh (19 5-11)

pH 456-4912 A ¥wit} tha 3ol

abrdel 3,

S dvEbs (2" 5-12)

Hola 9

i

=7} A9l pH 4.700.% x}o] 7t §ladth.

Al

Ridge

5.00

4.80

4.60

4.40

4.20

4.00

Valley

upper Slope Middle Slope Lower Slope

Fig 5-10. pH in soil of Sokwang-Ri.(Pinus densiflora for. erecta)
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5.00

4.80
4.60
4.40
4.20
4.00
Uljin . . . . Namhae— Daegwan— Hongcheon
Eungbong Cheongok Kumma Tonggo ryong ryong

Fig 5-11. pH in soil of each Sites.(Pinus densiflora for. erecta)

5.00

4.80

4.60

4.40

4.20

4.00

Mt. Palgong Mt. Gaya Mt. Minbong

Fig 5-12. pH in soil of each Sites.(Pinus densiflora)
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e AU A, "o fFRQAe] el 14.14ppmel i, s Al -9
(16.31ppm)ell A Fr&JA4ke] FFo] 7Hd w2 Aoz yekuta, 7=4-91(12.40ppm),
APHZGH-(10.56ppm), AFAEHE(10.20ppm) o] o2 YERR o™, AMH oA A A
Yebg (1 5-13)

el JAHE AL UTEe Ag, $8AH26.76ppm) ¥ A vk (24.18ppm) ©]
=7 vEbsten, a d(4.57ppm)7F 7 S vEbs (2" 5-14)

Aurde] Ag, wWEAH20.28ppm)o]l A UEbst e, ZFopik(5.54ppm) o] BHA

)| AYyRg xgo Faelih HEk(8.19-26.76ppm)o] A
g 24554 - 20.28ppm) E.tF F&14ke] &Feko] thA =7 eyt

Ridge upper Slope Middle Slope Lower Slope Valley

18.00

16.00 |

14.00 |

12.00

10.00 |

8.00

6.00 |

4.00

Fig 5-13. Available P-Os in soil of Sokwang-Ri.(Pinus densiflora for. erecta)
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30.00
25.00 |
20.00
15.00
10.00
0.00
Uljin Mt. Mt. Kumma Mt. Tonggo Namhae— Daegwan— Hongcheon
Eungbong Cheongok ryong ryong

Fig 5-14. Available P2Os in soil of each sites.(Pinus densiflora for. erecta)

25.00

ppm

20.00

15.00

10.00

5.00

0.00

Mt. Palgong Mt. Gaya Mt. Minbong

Fig 5-15. Available P2Os in soil of each sites.(Pinus densiflora)
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Fig 5-16. Carbon in soil of Sokwang-Ri.(Pinus densiflora for. erecta)
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7.00
6.00
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4.00
3.00
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0.00

Fig

4.00

3.00

2.00

1.00

0.00

Fig
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Uljin . . . . Namhae— Daegwan— Hongcheon
Eungbong Cheongok Kumma Tonggo ryong ryong

5-17. Carbon in soil of each Sites.(Pinus densiflora for. erecta)

%

Mt. Palgong Mt. Gaya Mt. Minbong

5-18. Carbon in soil of each sites.(Pinus densiflora)
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apele] FRAGRYY A Adae] G Gl 0.28%0] 3, HH(0.32%)
b APRSR0319)01 4 A AL o] FA ek, AMER023%)01 4 tha
A e eh(E 5-19)

el g A FALAUYTFHAANE HS4H050%) 0] 7HE A eSS
o, o 29(0.16%)°] 7+ SEA veERsTh(E 5-20.)
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Fig 5-19. Total Nitrogen in soil of Sokwang-Ri(Pinus densiflora for. erecta)
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Fig 5-20. Total Nitrogen in soil of each site.(Pinus densiflora for. erecta)
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Fig 5-21. Total Nitrogen in soil of each site.(Pinus densiflora)
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Fig 5-22. CN Ratio in soil of Sokwang-Ri.(Pinus densiflora for. erecta)
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Fig 5-23. CN Ratio in soil of each sites.(Pinus densiflora for. erecta)
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Fig 5-24. CN Ratio in soil of each sites.(Pinus densiflora)
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Fig 5-25. CEC in soil of Sokwang-Ri.(Pinus densiflora for. erecta)
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Fig 5-26. CEC in soil of each sites.(Pinus densiflora for. erecta)
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Fig 5-27. CEC in soil of each sites.(Pinus densiflora)
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Fig. 5-31. the location of 17 studied station

Table 5-16. List of the 17 studied surface synoptic station

Station Lat.(N) Long.(E) H(m) Hb(m) ht(m) ha(m) hr(m)
Uljin 36°59 129°25 7 49.5 50.6 15 13.6 0.2
Chunyang 36°57 128°58 7 305.0 306.0 15 10.0 1.6
Taebaek 37°10 7 128°59 7 710.0 7109 15 13.0 0.6
Yongju 36°52 7 128°31 7 208.0 209.5 15 10.0 0.6
Kangnung 37°45 7 128°54 7 26.0 27.0 15 9.8 0.3
Taegwallyong 37°41 " 128°45° 8420 8434 15 10.0 16
Tonghae 37°30 7 129°07 34.5 315 15 10.0 0.5
Hongcheon 37°41 7 127°53 7 141.0 142.4 1.5 10.0 0.5
Wonju 37°20 7 127°57 7 149.8 150.3 15 10.0 1.7
Andong 36°33 7 128°43 7 139.3 142.2 15 155 1.7
Yongdok 36°32 7 129°25 7 40.5 14.7 15 10.0 0.5
Uisong 36°21 7 128°41 7 73.0 74.1 15 10.0 0.6
Yongcheon 35°58 7 128°57 7 91.3 92.3 15 10.0 0.5
Taegu 35°53 7 128°37 7 57.8 60.9 1.4 23.6 0.2
Kyungju 35°49 129°127 38.0 - - - -
Hapcheon 35°34 " 128°10 7 324 33.6 15 10.5 0.6
Seosan 36°46 7 126°28 7 19.7 209 14 11.8 0.4

Lat.(N) : North latitude, Long(E) : East Longitude, H : Height of observation field above mean sea
level, Hb : Height of mercurial barometer above mean sea level, ht : Height of thermometer above

the ground, ha : height of anemometer above the ground, hr : Height of rain gauge above the ground
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Table 5-17. Mean temperature of each

studied station.

Temperature(C)

Element

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Mean

Mean Temp. 08 1.7 60 118 161 189 228 239 198 148 92 36 124

Uljin Mean Highest 128 149 191 268 303 308 342 335 295 256 215 166 246
Mean Lowest -104 -91 -36 07 57 108 154 167 107 30 -29 -77 2.4

Mean Temp. -36 -16 35 103 152 195 228 231 178 108 43 -14 101

Chunyang Mean Highest 103 141 194 273 301 320 334 337 308 260 197 137 242
Mean Lowest -185 -16.1 -97 -51 1.2 71 119 127 44 -40 -98 -163 -3.5

Mean Temp. -51 -36 11 86 134 174 207 207 156 95 38 -19 8.4

Taebaek Mean Highest 84 11.1 153 235 266 286 307 305 274 230 174 120 21.2
Mean Lowest -179 -170 -123 -45 04 62 102 115 41 -37 -104 -1568 -4.1

Mean Temp. -31 -07 46 117 168 210 240 243 189 124 55 -05 11.2

Yongju Mean Highest 92 136 196 268 304 321 340 344 306 258 194 128 24.0
Mean Lowest -166 -141 -76 -28 35 98 148 148 92 -21 -83 -138 -1.1

Mean Temp. 09 23 64 132 175 205 241 245 204 154 95 40 13.2

Kangnung Mean Highest 122 157 198 281 315 325 353 340 319 275 219 165 256
Mean Lowest -103 -79 -34 18 68 120 160 168 119 44 -30 -78 3.1

Mean Temp. -71 -50 -07 65 115 149 186 189 139 82 20 -41 6.5

Taegwallyong Mean Highest 48 89 128 217 242 260 280 279 253 207 158 88 187
Mean Lowest -204 -183 -143 -58 -04 52 93 110 29 -46 -124 -17.8 -55

Mean Temp. 06 23 61 122 161 184 229 238 197 149 92 37 125

Tonghae Mean Highest 12,7 159 187 261 285 295 335 329 306 252 216 147 242
Mean Lowest -100 -73 -35 05 58 104 158 159 103 35 -30 -77 2.6

Mean Temp. -48 -21 36 106 159 205 237 239 183 111 41 -34 101

Hongcheon Mean Highest 7.8 136 196 276 302 326 344 346 313 248 192 116 239
Mean Lowest -195 -16.7 -93 -38 27 95 141 141 71 -26 -103 -168 -2.6

Mean Temp. -36 -1.0 46 117 170 214 246 248 193 123 53 -10 113

Wonju Mean Highest 88 139 191 266 297 319 338 343 319 251 189 128 239
Mean Lowest -168 -137 -76 -21 50 112 156 156 76 -13 -86 -142 -0.8

Mean Temp. -25 -02 92 122 172 212 244 251 197 130 61 0.1 12.1

Andong Mean Highest 103 142 20.1 277 484 326 342 349 312 258 198 136 26.1
Mean Lowest -149 -124 -68 -20 48 105 158 161 83 -07 -72 -131 -0.1

Mean Temp. 05 19 61 123 167 199 239 247 200 147 87 36 128

Yongdok Mean Highest 13.0 159 204 278 31.0 328 355 347 315 427 221 167 27.0
Mean Lowest -106 -90 -41 -02 45 98 156 164 96 23 -35 -79 19

Mean Temp. -41 -13 44 116 167 21.1 245 248 192 119 49 -12 11.0

Uisong Mean Highest 11.1 158 21.2 283 311 333 351 350 321 268 213 153 255
Mean Lowest -174 -148 -96 -46 19 82 146 142 59 -31 -97 -148 -24

Mean Temp. -15 07 57 124 172 211 247 252 198 134 68 09 122

Yongcheon Mean Highest 115 165 209 279 309 328 354 348 320 272 215 159 256
Mean Lowest -133 -84 -63 -23 29 103 157 159 77 -07 -6.7 -10.7 0.3

Mean Temp. -00 34 103 138 187 225 255 261 213 155 86 26 14.0

Taegu Mean Highest 11.7 164 214 280 319 339 360 360 323 276 217 159 26.1
Mean Lowest -94 -71 -27 16 79 129 181 184 112 36 -3.0 -75 3.7

Mean Temp. -02 20 61 126 170 204 252 256 202 147 86 20 128

Kyungju Mean Highest 139 187 222 297 310 334 363 366 311 284 235 163 267
Mean Lowest -109 -89 -49 -14 41 103 161 166 83 23 -52 -92 14

Mean Temp. -02 19 65 128 174 214 251 251 203 138 75 18 128

Hapcheon Mean Highest 124 175 214 283 312 330 353 352 325 277 220 170 26.1
Mean Lowest -122 -106 -64 -18 50 104 161 161 85 09 -56 -10.1 0.8

Mean Temp. -14 01 47 110 164 209 246 251 203 137 72 13 12,0

Seosan Mean Highest 10.0 13.0 179 252 294 310 335 343 312 258 200 140 238
Mean Lowest -128 -11.1 -65 -15 51 119 166 171 92 17 -47 -96 1.3
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Table 5-18. Mean precipitation of each

studied station

Precipitation(mm)

Station

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual
Uljin 46.1 469 640 625 601 1134 1553 1620 1556 746 51.8 41.3 1033.5
Chunyang 231 305 526 679 1024 154.0 287.1 203.8 1195 350 468 183 1141.0
Taebaek 324 366 646 623 863 1361 2763 263.7 1695 564 496 237 12575
Yongju 171 271 561 749 1005 179.2 2709 2575 1289 466 439 199 12225
Kangnung 836 663 8l.1 576 863 1449 2328 2584 2065 1065 872 569 1468.1
Taegwallyong  101.8 654 100.8 831 1265 2648 3755 373.1 2629 1081 1025 356 2000.0
Tonghae 417 416 335 441 634 979 1738 1903 91.7 86.7 674 256 957.4
Hongcheon 200 296 479 585 107.0 171.7 3656 3114 1499 429 470 21.3 1372.8
Wonju 232 302 438 574 874 1470 326.7 2626 151.7 442 459 2677 1247.0
Andong 184 272 468 673 898 1398 2295 1832 1216 408 378 182 1020.3
Yongdok 391 472 593 587 1126 221.6 1680 194.7 1278 577 412 290 1156.9
Uisong 180 240 427 647 699 1281 2204 1983 100.2 314 371 16.0 950.8
Yongcheon 240 266 531 639 764 1372 2017 2220 1220 258 375 153 1005.6
Taegu 198 290 50.1 771 711 1461 209.6 206.8 1167 419 379 170 1023.0
Kyungju 31.3 30.1 443 497 86.6 1395 1320 170.2 933 425 474 178 884.5
Hapcheon 288 383 611 749 893 1759 2322 2444 1261 339 381 174 1160.4
Seosan 265 324 546 652 99.0 1675 209.7 276.8 1228 449 671 337 1200.3

R
X 5-19¢ ZF A9 He AFdTE UEd Foz &3 10279, =4 99.7¢
B 11959, 95 9319, 4% 11699, ¥ 14989, 53 10199, §4 9689,
AT 11074, <ts 986Y, 99 86.14, 94 8.2¢, 9 &.74d, t7 965Y, A+
7569, ¥ 81.8Y, A4t 10869 = YEtwth Ao A% Aedd npxriA|
2 Ao so] 2R BEA vale] ta we A
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Table 5-19. Mean number of daily precipitaion of each studied station

Number of daily precipitation

Station Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Annual
Uljin 56 72 88 74 77 104 139 130 110 68 61 48 1027
Chunyang 70 67 75 72 85 11.0 148 125 80 46 64 55 997
Taebaek 83 90 111 69 96 11.7 164 143 104 65 79 74 1195
Yongju 52 60 71 71 74 103 137 128 75 45 69 46 931
Kangnung 71 78 95 74 98 115 168 156 105 72 83 54 1169
Taegwallyong 116 120 129 98 114 138 191 176 127 81 110 98 149.8
Tonghae 53 67 80 67 73 120 132 143 92 65 87 40 101.9
Hongcheon 66 65 72 64 88 93 145 126 65 50 73 61 96.8
Wonju 85 75 85 75 99 106 164 129 79 55 82 73 110.7
Andong 58 63 70 81 86 105 137 119 85 57 67 58 98.6
Yongdok 46 59 74 67 70 96 114 104 87 53 55 36 861
Uisong 54 51 67 66 79 91 126 115 66 37 53 47 852
Yongcheon 50 49 72 70 84 95 122 120 77 30 52 36 8.7
Taegu 56 55 75 83 94 104 136 126 87 46 61 42 965
Kyungju 33 38 60 55 87 88 108 113 58 38 50 28 1756
Hapcheon 43 44 65 70 85 97 111 121 68 36 46 32 81.8
Seosan 99 72 65 69 83 94 145 122 71 58 95 113 108.6
I S

52 vete] $EE 790 Mg wok AFHoZ 80~90%°] EEE molw, 7HF

S @2 199 49 = 30~50% A=olm, 983 1082 75% el AT AdE o

b AR B R E AEEE, 231 69.0%, = 71.9%, =W 69.5%, 95
67.6%, 4T 64.0%, HHH 73.0%, sM 67.9%, 3 705%, UF 66.1%, tE
69.6%, 949 67.5%, °1/d 71.4%, 93 65.9%, T 64.3%, T3 65.8%, AAF 73.0%=
ekt A4 A9 de gERdME gAdaUTE SEAeE v FEA4 3

of & zke]7F gl
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Table 5-20. Mean relative humidity of each studied staion

Mean relative humidity

Station Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Mean
Uljin 534 594 649 652 699 809 8.5 836 794 702 624 554 69.0
Chunyang 69.2 686 677 620 676 743 798 793 7719 739 722 708 71.9
Taebaek 642 645 674 0557 628 745 803 809 792 715 670 656 69.5
Yongju 628 608 611 567 631 707 781 783 756 702 678 66.0 67.6
Kangnung 526 573 609 554 629 744 785 7797 745 634 564 517 64.0
Taegwallyong 664 672 683 596 663 804 8.5 865 837 742 703 675 73.0
Tonghae 542 595 618 61.0 697 8.7 8.5 837 778 677 613 515 67.9
Hongcheon 713 691 656 589 641 705 783 775 761 720 709 717 70.5
Wonju 642 621 587 0566 612 682 744 727 709 689 684 671 66.1
Andong 635 632 631 9591 647 739 809 792 786 733 69.7 658 69.6
Yongdok 552 601 649 629 651 758 797 804 779 696 624 56.6 67.5
Uisong 717 694 678 606 649 704 772 784 T4 737 T34 117 714
Yongcheon 603 608 608 572 625 709 762 753 721 658 655 632 65.9
Taegu 575 576 584 569 601 680 746 735 719 664 638 625 64.3
Kyungju - - - - - - - - - - - - -
Hapcheon 636 617 610 578 618 682 726 723 721 682 664 635 65.8
Seosan 695 679 682 665 700 754 820 804 769 732 733 723 73.0
LESS
I NE :

Hodxsgs AuEd, &3 56.1%, % 483%, EHiW 488%, o+
584%, 75 488%, wh¥t® 49.0%, F3l 49.0%, ¥ 47.7%, dF 459%, <tE
50.8%, 949 60.8%, °1d 50.7%, @z 51.0%, 7 56.6%, &3 51.6%, A4k 50.6% 2

2 Ul 244 F AF AGe AERZA2PL AEInE dxgo] BT
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Table 5-21. Mean Percentage of Sunshine of each studied station

Percentage of Sunshine (%)

Station Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Mean
Uljin 674 622 562 603 575 433 393 461 497 616 615 677 56.1
Chunyang 580 557 503 0555 468 377 288 371 427 3563 541 571 48.3
Taebaek 541 540 468 546 472 372 290 326 375 534 871 524 48.8
Yongju 65.0 659 619 630 604 514 425 489 536 653 60.7 625 58.4
Kangnung 588 537 480 529 497 360 313 376 455 560 560 60.7 48.8
Taegwallyong 606 576 51.7 568 516 365 286 306 394 566 548 631 49.0
Tonghae 577 572 522 549 463 300 350 393 506 542 50.7 60.0 49.0
Hongcheon 479 540 51.0 559 502 433 357 438 475 523 458 451 477
Wonju 463 50.7 463 536 484 397 316 403 473 542 480 4438 45.9
Andong 576 585 535 0572 531 430 367 435 428 540 534 5538 50.8
Yongdok 713 661 612 650 607 485 476 535 542 663 650 699 60.8
Uisong 533 568 520 588 518 428 383 439 457 578 537 532 50.7
Yongcheon 547 561 524 575 505 413 385 450 459 603 557 54.2 51.0
Taegu 58.2 571 527 577 522 410 381 418 458 60.7 1132 60.2 56.6
Kyungju - - - - - - - - - - - - -
Hapcheon 573 581 525 560 500 409 387 444 472 396 567 583 51.6
Seosan 475 551 532 571 541 429 347 489 558 615 494 4638 50.6
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