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Analysis on the Relation between the Morphological
Physical and Chemical Properties of Forest Soils

and the Growth of the Pinus koraiensis Sieb, et Zucc.
and Larix leptolepis Gord by Quantification™'

In Koo Chung

Aiming at supply of basic informations on tree species sjting and forest fertilization by understanding
of soil properties that are demanded by each tree species through studies of forest soil's morphologi-
cal, physical and chemical properties in relation to tree growth in our country, the necessary data
have been collected in the last 10 years, are quantified according to quantification theory and are
analyzed in sccordance with multi-variate analysis.

Test species, Japanese larch (Larix leptolepis Gord } and the Korean white pine, ( pinus koraiensis S et Z.)
are plantable in extensive areas from mid to north in the temperate forest zone and are the two most
recommended reforestation tree species in Korea. However, their respective site demands are
little known and they have been in confusion or considered demanding the same site during
reforestation.

When the Korean vhite pine is planted in larch sites, it has shown relatively good growth, but ,when Japanese
larch is planted in Korean white pine site it can be hardly said that the Japanese Larch growth is good.
To understand on such a difference soil factors have been studied so as to see how the soil's mor-
phological, physical and chemical factors affect tree growth helped with the electronic computer.

All the stands examined are man-made mature forests. From 294 Japanese larch plots and 259 Korean
white pine plots dominant trees are cut as samples and through stem analysis site index is determined.
For each site index soil profiles are made in the related forest-land for analysis. Soil samples are
taken from each profile horizon and forest-land productivity classification tables are worked out thro-
ugh physical and chemical analyses of the soil samples for each tree species for the study of relation-
ships between physical, chemical and the combined physical/chemical proparties of soil and tree growth.
In the study of relationships between physical properties of soil and tree growth it is found out that
Japanese larch growth is influenced by the following factors in the decreasing order of weight deposit
form, soil depth, soil moisture, altitude, relief, soil type, depth of A-horizon, soil consistency, content
cf organic matter, soil texture, bed rock, gravel content, aspect and slope. For the Korean white pine
the influencing factors' order is soil type, soil consistency, bed rock, aspect, depth of A-horizon, soil
moisture, altitude, relief, deposit form, soil depth, soil texture, gravel content and slope.

In the study of relationships between chemical properties of soil and tree growth it is found out that

Japanese larch growth is influenced by the following factors in the order of base saturation, organic
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matter, CaO, C/N ratio, effective P,Os, PH, exchangeable K,Q, T-N, MgO, CEC, Total Base and
Na. For the Korean white pine the influencing factors’ order is effective P,0Qs, Total Base, T-N,
Na, C/N ratio, PH, Ca0, base saturation, organic matter, exchangeable K:0, CEC and MgO.

6. In the study of relationships between the combined physical and chemical properties of soil and tree
growth it is found out that Japanese larch growth is influenced by the following factors in the order
of soil depth, deposit form, soil moisture, PH, relief, soil type altitude, T-N, soil consistency, effective
P.O;, soil texture, depth of A-horizon, Total Base, exchangeable K, O and base saturation. For the

Korean white pine the influencing factors’ order is soil type, soil consistency, aspect, effective P,Os,

depth of A-horizon, exchangeable K,O, soil moisture, Total Base, altitude, soil depth, base saturation,
relief, T-N, C/N ratio and deposit form.

7. In the multiple correlation of forest soil’s physical properties larch’s correlation coefficient for Japan-
ese Larch is 0.9272 and for Korean white pine, (. 8996. With chemical properties larch has 0.7474 and
Korean white pine has 0.7365.

So, the soil's physical properties are found out more closely related with tree growth than chemical
properties. However, this seems due to inadequate expression of soil' s chemical factors and it is pro-
ved that the chemical properties are not less important than the physical properties.

In the multiple correlation of the combined physical and chemical properties consisting of important mor-
phological and physical factors as well as chemical factors of forest soils larch’s multiple correlation
coefficient is found out to be 00.9434 and for Korean white pine it is 0.9103 leading to the highest
correlation.

8. As shown in the partial correlation coefficients Japanese larch needs deeper soil depth than Korean

white pine and in the deposit form of colluvial and creeping soils are demanded by the larch.Moderately
moist to not moist should be soil moisture and PH should be from 5.5 to 6.1 for the larch. Demands
of T-N, soil texture and soil nutrients are higher for the larch than the Korean white pine.
Thus, soil depth, deposit form, relief, soil moisture, PH, N, altitude and soil texture are good indicators
for species sitings with larch and the Korean white pine while soil type and soil consistency are indi-
cative only limitedly of species sitings due to their wide variations as plantation environments. For the
larch siting soil depth, deposit form, relief, soil moisture, pH, soil type, N and soil texture are indicators
of good growth and for the Korean white pine they are soil type, soil consistency, effective PO,  and
exchangeable K;O.In soil nutrients larch has been found out demanding more than the Korean white
pine except K,O, which is demanded more by the Korean white pine than Japanese larch generally.

9. Physical properties of soil has been known as affecting tree growth to the greatest extent so far.
However, as a result of this study it is proved through computer analysis that chemical properties of
soil are not less important factors for tree growth than chemical properties and site demands for the

Japanese larch and the Korean white pine that have been uncertain so far could be clarified.
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Table 2. Site index of Koraen white pine composed by the average height of dominant tree.

T GrbE ) )
e ek

Age Yt t 6 8 10 12 14 16 : 13 20 22 24 26
- - |
5 10,8931/ 0.14 22 7 0 20 7 0.1126] 0.3093| 0.5070
10 | 22116, 0.62 0.5531 | 1.4364| 2.8995| 3.1729] 4.5460( 4.9196| 5.7925| 6.6567| 7.5390| 8. 4122
15 | 4.7345)0.94 | 0.8962 | 2.2200 | 3.5440] 4. 9678 6. 19177 7.5157| 8.8396(10. 1636 [11. 4875 |12. 8115 | 14. 1354
20 | 6.784711.12 [ 2.2113 .3.7887 | 5.3663| 6.6436| 8.5210/10. 0985{11. 6759 [13. 2534 [14. 8308 16. 4084 |17. 9853
25 | 8.4506|1.22 | 3.4689 | 5.1871 | 6.9055| 8.9287(10.3419|12. 0603 [13. 7785]15. 4969 |17. 2152 ]20. 9335|20. 6518
30 | 9.804411.30 | 4.4960 | 6.3269 | 6.1580| 9.0888[11.8197|13. 6508 15. 4817{17. 3128 |19. 1437 |22. 9747 |22. 8057
35 110.9045] 1.37 |5.3103 | 4.2398 | 9. 1694 {11. 0989 [13. 0284 | 14. 9580} | 16. 8875|18. 8172 |20. 7467 [24. 6763 |24. 6058
40 |11.7985| 1.42 | 6.0000 | 8.0000|10. 0000{12. 7000{14. 0000] 16. 0000} 18. 0000{20. 0000 {22. 0000;25. 0000{26. K000
45 112.5259] 1.46 [ 6.5632 | 8.6194 |10, 683912, 3320 {14. 7883 | 16. 8447 18. 9010|20. 9574 |23. 0136 [26. 0700 [27. 1263
50 |13.1152{ 1.50 | .9901{9.1027 {11. 2165 [13. 8280 15. 4406 |17. 5534 {19. 6660 |21. 7787 [23. 8913126. 0041 |28. 1167
55 [13.5949( 1.53 | 7.3473 | 9.5022 111. 6672 {13. 2120 15, 9668 | 18 1218 |20. 2767 [22. 4317 |24. 5865 ]27. 741528. 8961
60 |13.9847| 1.56 | .6776 | 9.8117 [12. 0090 [14. 060 [16. 4031 |13. 5994 |20. 7965 [22. 9947 |25. 1918127 3381 |29. 538
L EEW HAERE A1 BRACE R B s MR BE A el s o
294Plotsell 4 o1 -2 #KEE shal o Spkrel RSl P ELAE S IR AL A NS D MO fel] ¥
of FHufregel xe #iinE X o sk KAEEINS Itemzt Category 24 X0}
6. MBS HZE of Fhifksh Adolch me o MfviFEE
PPt LAk B A A e o Jphrolekar (MY AEHE AHD S Ko fe)

Bagel BLFH i el B BIRAENT Data
ol 4 PRl MU IREC HiBR S FliTsked f At

o xfab MRS Filtlehel %4 wiAR ALl
Hoaft hiks R

4

7t BEit 1232 §f&
of 7| ol 4] FIfFis] 5=

Wb el Piim 2

ol I;}_ 72

%

FHEJHEEE 0 &

EP) BN

Shod SRIMMERE(Y) O HEWC HRaEr
ol & AL O»M
B Y={(X)—»=={(X)=Y

Lt sty ey o HE{L

s fEgee] KB Y GHEEE) & BRalshl

A
T

ol Lo
AT

FEEFZHE Y M 1 (X)) @) Bfb el

77 8ish
A5
Hie

PO

Zysthod



Blifta ket $el vhel ek Loel

19814 9 1] M E PR Ay

WL

Ry

gy !
I 7b R M 5y BT

Table 3. Site index of Japanese larch composed by the average height of dominant tree

15 | 8.6354| 1.38 |3.0159 | 4.2159] 5.4159] 6.6158
20 111.4433]1.70 [4.4943 | 5.9743] 7.4526) 8. 9302
25 13,6511} 2,06 |5.2339 | 7.0239| 8. 815310, 5065
30 115.39941 2.30 | 6.0000 | 8.0000 {10. 0000{12. 0000
35 {16.7838} 2.47 |6.6876 | 8.837610.9855(13. 1332
40 |17.8801) 2.56 | 7,4144 | 9.6444{11. 8705 14. 0965
45 |18.7483| 2.64 | 7.9552 {10. 2552 |12. 5509 | 14. 8464
50 119.4358| 2.68 | 8.4840 {10.814013. 144515, 4778
55 119.9803| 2.72 | 8.8698 |11.2298|13. 595115, 9609
60 120.4114] 2.76 | 9.1324 |11.5323|13. 9323 |16. 3322

7.8159} 9.0157
10. 4091|11. 8881
12.3978114. 1889
14. 0000] 16. 0000
15, 281117. 4287
16. 3226 18. 5485
17, 1422|19. 4376
17.8053|20. 1355
18. 3255{20. 6904
18.7323|21. 1320

Ago | Yt Yt 6 8 10 12 14 16 18 20 22 24 26
5 10.6889]0.43 0.0534| 0.4273} 0.5011} 1.1750| 1.5489| 1.9229| 2.2967| 2.6707
10 | 5.1348| 0.97 | 1.1708 | 2.0143| 2.8678| 3.7012 4.5447| 5.3880| 5.2314| 7.0749| 7.9185| 8.7619; 9.6051

10. 2156 11. 4156 | 12. 6157
13. 3653 | 14. 8436 |16. 3219
15.9801(17. 7715 |19. 5628
18. 0000 | 20. 0000 |22. 0000
1% 763|21.7212|23.8722
20.7744|23. 0006 |25. 2267
21.733024. 0288 |26. 3245
22. 4658 |24. 7968 |27. 1268
23. 0555 125. 4208 |27. 7861
23.531825. 9319 |28. 3320

8

13. 2156/ 15. 0156
7.8001119. 2784
21.3540(23. 1454
24.0000}26. 0000
26.0198|28. 1677
27.4527129. 6788
28.5200130. 9157
29,4571|31.787 6
30. 151132, 5165
30.7318133. 1319
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Table 4. Classification of Item and category on the Korean white pine stand

Category !
N ltem 1 2 3 4 6 3
1 | Soil type Bs Bc Bo{d} By Be 4
2 | Bed tock Granite Granita Gneiss | Crystalline Schist] Lime Stone Others 5
3 | Soil depth <60 61-90 91< 3
4 | Relief Convex Linear Concave Mt, Foot. 4
5 | Soil moisture Dry Moderate Wet 3
6 | Aspect W S E N 4
7 | Consistency Very Hard(1.6-2.0) [ Hard(1.1-1.5)[ Soft(0.6-1.0) | Friable{(0.5>) 4
8 | Slope < 21-30° 200 > 3
9 | Soil texture SL SIL L.CL 3
10| A Horigon 20cm > 21 - 30cm 31-40cm 40em < 4
11| Altitude 600m < 300~ 600m 300m> 3
12 | Gravel Content 15% > 16 ~30% 30-40% 41% < 4
13| Deposit Residual Creeping Calluvial 3
14| T-N(%) 0.10% > 0.11-0.20% 0.21-0.30% 0.31-0.40% 4
150 P,0 (ppm) 10PPM > 11-20PPM 21- 30PPM 31-46PPM 4
16 0(me/100g 0.15> 0.16-0.25 0.26-0.35 0.36< 4
17| CEC 10.0 > 10.1-15.0 15.1< 3
18| pH 5.0> 5.1-5.5 56-6.0 6.1< 4
19 0. M (%) 2.0> 2.1-4.0 4.1-6.0 6.1< 4
20 j Total base 2.0> 2.1-5.0 5.1-10.0 10.6< 4
12 |Base saturation 10 > 11-20 21-40 41-60 60< 5
121 C/N 7.5> 7.5-10.0 10.1< 3
231 Na(me/100g) 0.09> 0.10-0.20 0.21-4 3
241 Calme/100g) 1.00 > 1.1-3.0 3.1-5.0 5.1< 4
55| Mg(me/100g) 0.50 > 0.51-1.00 j 1.01-1.50 1.51< 4
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Table 5. Classification of Item and Cetegory on the Japanese larch stand
Category
N Tter 1 2 3 4 5
1 | Soil type BC BD(d) BD BE 4
2 | Bed Rock Granite Granite Gneiss [Crystallide Schist| Lime Stone Others 5
3 | Soil depthem 60 > 61-90 91< 3
4 | Relief Convex Linear Wet Mt, Foot. 4
5 | Soil moisture Dry Moderate Wet 3
6 | Aspect W S E N 4
7 | Consistency Hard(1.1-1.5) Soft{0.6-1.0) | Friable(0.5) > 3
8 | Slope < 21-30 20> 3
9 | Soil texture SL{m) SL(1} L.CL SiL. 4
10 [ A Horizon 20 > 21-30 31-40 40 < 4
11 | Altitude 901 > 601-900 301 -600 300 > 4
12 | Gravel Content 15> 16 -30 30-40 41< 4
13 T-N(%) 0.10 > 0.11-0.20 0.21-0.30 0.31-0.40 4
14 P, O(ppm) 10> 11-20 21-30 31-40 4
15| K. O(me/100g 0.15 0.16-0.25 0.26-0.35 0.36 < 4
16| CEC 10.0 > 10.1-15.0 15. 1< 3
17| PH 5.0> 5.1-5.5 5.6-6.0 6.1< 4
181 0.M(%) 2.0> 2.1-4.0 4.1-6.0 6.1< 4
19 | Total base 2.0> 2.1-5.0 5.1-10.0 10.0< 4
20 | Base saturation 10> 11-20 21- 40 41-60 4
21 | Deposit Residual Creeping Colluvial 3
22| Na{me/100g) 0.10 > 0.10-0.20 0.21< 3
23| Ca(me/10g) 1.00 > 1.10-3.00 3.1-5.0 5.1< 4
24 | Mg (me/100g) 0.5> 0.6-1.5 1.6-3.0 3.1< 4
25| C/N Ratio 5.0 > 5.1-10.0 10.1-15.0 15.1 > 4
2. el BILHMD KRS R B ) RAAEE S HER
HABGAZIEE o HEEIRIIE B HELS Tl

b AUSE RED TRl B &4

T o] EEHEA B LES AE HH Sam
pleB & 259plot 24 25 1tem. 93fE2| Category
eich, FRERAA o) o] LMY BREEBETE)
5 B S el RERGRECT 23 & F
ehA o] MULEMME S Sriat RERaE Koiskd o}

&b 2ol

1) B il
7}) #KNBE Scores #T

el oh-g3k 7ol EEyx el
V-¥R7%E Mean deviation 0.174239E~0.4
e #E VYariance of deviation 0.1141120-0.1
2 EH¥EBZE Stamdard error of deviation

0.1068E-0.1

ERER ) & AfRZE Max, deviation and its

Sample No—5924 No. 85

e o] BV {EZE Min, deviation and its

Sample No—52489 No. 34



1981% 9 K]

BUG (ol 3 ol heh GH LSl BRI 3

FUEAY) L st 2 EERS) ERAIR

13

Table 6. Solution Score table by physical and chenical soil factors to Korean white pine

VARIANCE
ITEM CATEGORY | SCORE | MEAN SCORE DEVIATION RANGE ¢
RATIO

SOIL TYPE 1 11. 24890 12.17810 -0. 92920 2.59772 0.09860
2 12. 45917 0. 28107
3 12. 50150 0. 32340
4 13. 84613 1. 66803

SOIL DEPTH 1 0. 00000 0. 35935 -0. 35935 0.52966 0.00733
2 0. 46328 0.10393
0. 52966 0.17031

RELIEF 1 0. 00000 0. 20578 -0.20578 0.47050 0.00359
2 0. 26102 0. 05525
3 0. 26001 0. 05424
4 0.47050 0. 26472

SOIL 1 0. 00000 0. 29320 -0.29320 0.58485 0.01208
MOISTURE 2 0. 58485 0. 29165
3 0. 53868 0. 24548

ASPECT 1 0. 00000 -0.17785 0.17785 0.84635 0.01475
2 -0. 61576 -0.43791
3 -0. 36087 -0.18302
4 0. 23059 0. 40844

CONSIS- 1 0. 00000 1.35171 -1.35171 2.15501 0.08360
TENCY 2 0.97185 -0. 37986
3 1.59744 0. 24573
4 2. 15501 0. 80329

A HORIZON 1 0. 00000 0.20998 -0. 20998 0.89226 0.01442
2 0.49198 0. 28200
3 -0. 01834 ~0. 22832
4 0. 87392 0. 66394

ALTITUDE 1 0. 00000 -0.03446 0. 03446 0.40149 0.00501
2 -0. 23170 -0.19724
3 0. 16979 0. 20425

DEPOSIT 0. 060000 0. 00069 0.00069 0.13042 0.00044
0. 06692 0. 06624
-0. 06350 -0. 06419
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T-N 1 0. 00000 0. 06154 -0. 06154 0.33125 |  0.00100
2 0. 08525 0.02372
3 0. 02446 -0. 03708
4 0. 00439 -0.05715
5 0.33125 0. 26971

PO, 1 0. 00000 0. 33301 -0. 33301 0.91812 |  0.01525
2 0.03781 -0. 29520
3 0. 37038 0.03737
4 0.91812 0.58511
5 0.78426 0. 45126

]

K, 0 1 0. 00000 0. 33734 -0. 33734 0.88742 |  0.01356
2 0.31321 -0. 02412
3 0. 88742 0. 55009
4 0. 61894 0. 28160

| TOTAL BASE 1 0. 00000 -0. 04565 0. 0455 0.93944 |  0.01141
2 0.18765 0. 23329
3 -0. 33544 -0. 28980
4 -0. 75179 -0. 70615

BASE SATU- 1 0. 00000 0.10648 -0.10648 0.676%0 |  0.00739
LATION 2 0.00112 -0. 10536
3 0.02553 | -0. 08094
4 0.28110 | 0.17452
5 0. 67690 0. 57042

C/N RATIO 1 0. 00000 0. 09491 -0. 09491 0.15299 |  0.00061
2 0.12883 0. 03392
3 0. 15299 0. 05807

MULTIPLE CORRELATION COEFF. pY-Y =0.9103
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Table. 7. Inner correlation coefficient matrix for Korean white pine.
SOIL SOIL
DEP [RELIEF|SOIL M. CON- | HORI- | ALTI- | DEPO-
TYPE A - P.0
Total B BAS C/N Y SPECT SIST. | ZON | TUTE SIT, TN sy KO
"] ESAT.
SOIL TYPE 1.0000| 04676| 0.4538] 0.6280| 0.1311} 0.6015] 0.3875]| ~0.1179] -0.3156| 0.1644 | 0.2340 | 0.2608
-0.0307| 0.1807] 0.276{ 0.7553
SOIL DEPTH 0.4676| 1.0000| 04533 0.5773| 0.1663| 0.6395| 0.3685| -0.1082{ -0.2195| 0.1480 | 0.2677 | 0.1296
0.0744| 0.0593] 0.2263| 0.6316
RELIEF 0.4538 0.4533; 1.0000f 05104 0.1648| 0.5360| 0.3399; -0.1078 | ~0.3331| 0.1965 0.1492( 0.2467
0.0644| 0.0231| 0.1328( 0.5637 1790
SOIL 0.6280] 0.5773| 05104 1.0000] 0.0000) 0.6475] 0.4173) ~0.1144 | -0.3233| 0.1455) 0.2133| 0.2462
MOISTURE 0.0339) 0.1143] 0.2934| 0.7116
ASPECT 0.1311] 0.1663 0.1648| 0.1790| 1.0000| 0.1180| 0.0979! 0.0088 -0.0200| 0.0617 0.0843| 0.0278
-0.0077 | ~0.0172| 0.01541 0.2664 '
CONSISTENCY!| 0.6015| 0.6395| 0.5350] 0.6475( 0.1199] 1.0000| 0.3808| ~0.1706 | -0.1987 0.1702 0.3030| 0.2822
0.0133) 0.1100] 0.227( 0.7720
AHORIZON 0.3875| 0.3685 0.3399| 0.4173| 0.0979 0.3808| 1.0000( -0.0756+0.2800 0.0731} 0.2029] 0.1415
-0.0122] 0.002% 0.2075] 0.5066
ALTITUDE ~0.1179| -0.1082| -0.1078 | -0.1144 | 0.0088 | -0.1706 | —0.0756] 1.0000| 0.0487}-0.0249 6.1526|-0.0183
0.0702 | -0.0528 | 0.1427} -0.0661
DEPOSIT ~0.3156] ~0.2195| -0.3331 | -0.3233 | ~0.0200 { —0.1987 | —0.2800 | 0.0487 | 1.0000|-0.0997;~0.1403-0.1404
~0.0212 | ~0.0553 | —0.0708§ ~0.2836
T-N 0.16441 014801 0.1964} 0.1455( 0.0617 | 0.1702| 0.0731{ -0.0249 [ -0.0997 | 1.0000| 0.1198] 0.1276
-0.069 | 0.0775| 0.0328) 0.2152
P205 0.23407) 0.2677] 0.1492] 0.2133} 0.0843) 0.3030] 0.2029] -0.1526 | —0.1403 | 0.1198} 1.0000) 0.1273
0.1024 | -0.0217; 0.184) 0.3929
K20 0.2608| 0.1206| 0.2467] 0.24621 0.0278 | 0.2822| 0.1415| -0.0183 | -0.1404 | 0.1276, 0.1273| 1.0000
-0.3109| 0.3417} 0.0657) 0.3665
TOTAL Base -0.0307] 0.0744] 00644 0.0339] -0.0077 ] 0.0133] ~0.0122| 0.0702 | 0.0212{-0.0686] 0.1024{-0.3109
1.0000 | -0.7234 | 0.0087] 0.0303
BASE 0.1807! 0.0593| 002317 0.1143} -0.0172| 0.1100( 0.1002| -0.0529 | -0.0553 | 0.0775;-0.0217} 0.3417
SATALATION| ~0.7234 | 1.0000] 0.0635| 0.1624
C/N Ratio 0.279 ] 0.2263| 0.38) 0.2934|-0.00541 0.2267| 0.2075] 0.1527 | -0.0708| 0.0328) 0.1834| 0.0657
0.0087! 0.0635| 1.0000} 0.3107
Y (1) 0.7553 ] 0.6316( 0.5637) 0.7116 0.0264{ 0.7720 0.5066 | —0.0661 | -0.2836{ 0.2152| 0.3929( 0.3665
0.0303] 0.1624| 0.3107f 1.0000 J
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Table 8. Partical correlation coefficient of each
Item for Korean white pine.

ITEM COEFF
Soil type 0.4748
#+  Soil Depth 0.1482
Relief 0.1116
Soil Moisture | 0.1710
Aspect 0.2753
Corsistancy 0. 4022
A Horizon 0.2455
Altitude 0.1616
Derosit 0. 0456
T-N 0. 0745
P, O 0.2644
K.0 0.2408
Total Base 0.16%4
Base Saturation 0.1373 ;
C/N Ratio 0. 0548 x

2) AeFPE e I
Ak R ek R PET 2lh o) A
PAgeAb gy PEET ok 4R R okel iRy

Table 9. Partial Correlation Coefficient of each
soil chemigal properties for Korean whit

pine.
Soil Chemical | Pectial Correletion
Remark
Properties Coefficient
P, 0s 0. 8625
Total Base 0.2652
T-N 0.2403 * I\C/I:)l}‘tggttion
Na 0.2221 Coefficient
C/N Ratis 0.2183 PY - Y=0.7365
PH 0.2164 259 plots
Ca 0.1919
Base 0. 1705 #12 Item,
Saturation 46 Category
o.M 0.1583
K20 0.1397
CEC 0.1191
Mgo 0. 0860

3) 3 e b K
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Table 10. Partial Correlation Coefficient of each
soil physical properties for Korean

white pine.

Soil physical | Partial correlation W

Remark
properties Coefficient

Soil Type 0. 4659 % Multiple .

Bed Rock 0.2516 Correlation

Soil Depth 0.1034 oY -Y=0.8996

Relief 0.1275

Soil Moisture 0.1883 %259 plot

Aspect 0. 2429

Consistency 0.4032 %13 [tem,

Deposit 0.1144 47 Category

Soil texture 0. 0758

A Horizon 0.23%

Altitude 0.1418

Gravel Content 0. 0676

Slope 0.0183

Ll EER EDH Lo By R

EER ) Samplell = 294P]0t°]“4 i pe 111X
7y gl A ob ol MR ROl vl A EHE 25
fteme & [X77st2 & ltem& L»Vl 3~5f = Mg
Categary® 578 shoivh 25 lremdr o] S{E

S Trem 16fol s f-bEe] FEEER) lteme 5

o] ol |BEFRES (GEH) ltem 4 o)k o] &2l %N

WELO ML Yob TERMIAEE (Fit e

INAIE) S el elee e Jjikow HWArEH
o} 1HEe) fbrMME S stEsked (RERMEE A =
Z‘J b ek shed 1518 A (151tem) & 7F=| AL it
FoEERA ohg Kol ol
1) BEfbiE o ok
by EINEE Score’i by
W) BT R R el WU A
s MRS B oh MM IR LS AT EE
FRiphb s gk 2ol
‘V‘ﬁ‘Jﬁmr‘é (Mean deviation)

= ¢] FH (variance of

0.578692E - 04

dev1atxon) 0.157965D-0.1
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Table 11. Solution score table by physical and chemical soil factors to Japanese Larch.

ITEM Catecoryl  Score Mean Score Deviation Range \I;Zl;iiznce
Soil type 1 11. 84165 12. 83151 -0. 98986 1.75622 0. 02837
2 12. 98685 0.15534
3 13. 20853 0. 37702
4 13. 59786 0. 76635
Soil  Depth 1 0. 00000 2.11871 -2.11871 2.52765 0. 04187
2 2.14665 0. 02795
3 2.52765 0. 40895
Relief 1 0. 00000 0. 31326 -0. 31226 1. 48376 0.01841
2 0.10340 -0. 20986
3 0. 20988 -0. 10328
4 1.48376 1. 17050
Soil Moisture 1 0. 00000 0. 72452 -0. 72452 1.93872 | 0.02930
0.76324 0.03772
1.93872 1. 21420
Consistency 1 0. 060000 0. 60095 ~0. 60095 1.11160 0.01204
2 0.63467 0. 03372
? 3 1. 11160 0. 51066
Soil Texture 1 0. 00000 0. 00398 -0. 00398 1. 02417 0. 03649
2 -0. 772 -0. 77170
3 0. 25645 -0.11648
4 -0.11250 0. 25247
A Horizon 1 0. 00000 0.23109 -0. 23109 0. 85364 0. 00633
2 0.14431 -0. 08677 ‘
3 0. 64275 0.41166
4 3. 85364 0. 62256
0.01169
Altitude 1 0. 00000 -0. 04470 0. 04470 1. 05996 0.01169
2 0. 12807 0.17278
3 0. 23954 0.28425
4 -0. 82042 -+0. 77571
T-N 1 0. 00000 0. 84391 -0. 84391 1. 37086 0.01535
2 0. 58630 -0. 25761
3 1.07445 0. 23054
4 1. 36061 0, 51670
5 1.37086 0. 52695
i
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AvP,0, 1 0. 00000 0.47769 -0. 47769 1. 40627 0. 00745
2 -0. 46659 -0. 01109
3 0. 33535 -0. 04233
4 0. 75898 0. 28129
5 1. 40627 0. 92858

Ex. K, 0 1 0. 00000 0.10632 -0. 10632 0.47771 0. 00218
2 | -0.01677 -0.12309
3 0. 25365 0.14732
4 0. 44094 0. 35462 |

r‘,,_y

pH 1 0. 00000 | 0. 30254 -0.30254 | 1.17228 0. 01355
2 0. 04094 -0. 26161
3 0.10867 -0. 19387
4 1.17223 0. 86569

Total Base 1 0.00000 | -0.16425 0. 16425 0.51617 0. 00352
2 -0. 32684 J -0. 16259
3 0.07319 | 0. 23744
4 -0. 54298 ’ -0. 37872

——— _

Base Saturation 1 0. 00000 [ 0. 24565 -0 24565 0. 48466 0. 00138
2 0. 26434 0. 01869
3 0. 40466 0. 15981
4 0. 21977 -0. 02588
5 0. 33436 0. 08871

Deposit 1 0. 00000 0.57889 -0. 57887 1. 74537 0. 02769
2 0. 63131 0. 05242
3 1.74537 1.16649

Al FEERE (Standard error and its sample No.) 2.836. Plor Na 203
of deviation) 0.1257E-0.1 trdiib el AR ¥ (Min, deviation

@] 54 /A ( Max, deviation and i1s sample No. ) =3.7780. Plot Nolis
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Table 12. Inner Correlation Coettieient matrix for Japanese Larch.
OILT- [ SOIL- | RELI- SOIL
ng DEP EF SOIL M [ CONSI- TEX AHORI- | ALTI- T-N P.0 K, 0 PH
TOTA- | BASE- | Depo- |y(1) |STE ~ 1ZON | UDE P !
LBAS | SAT sit TURE
SOIL TYPE 1..0000 [ 0.6136 0.4266 | 0. 657 0.5018 | 0.0875 | 0.4362 | 0.0731] 0.4370 | 0.1833| 0.2221 ] 0.1946
-0.0450 1 0.0632 0.5147} 0.7574
SOIL DEPTH 0.6136 | 1.0000 0.2636| 0.4680 | 0.4332 | 0.2239 | 0.2839 | 0.1544 | 0.4531 | 0.1861 | 0.2002 | 0.1161
-0.0406 | 0.0750 0.3900 | 0.68%0 ‘
RELIIEF 0.4266 | 0.2636 10000} 0.5162 | 0.3230 | 0.0722 { 0.4018 | 0.1292 | 0.2149 | 0.2118 | 0.1918 | 0.2203
-0.0506 | 0.0632 03 433 0.5743
SOIL 0.6570 | 0.4680 0.5182 | 1.0000 | 0.4825 | 0.1563 0.4340 | 0.1153 | 0.4380 | 0.1099 [ 0.2431 | 0.1813
MOISTURE -0.1021 | 0.039% 0.4502 | 0.7270
CONSI- 0.5018 | 0.4332 03230 0.4825 | 1.0000 | 0.1433 0.2373 1 -0.0464 | 0.3395 | 0.0477 | 0.1711 | 0.0283
STENCY -0.1295 | 0.0397 0.2816 | 0.5345
SOIL 0.0875 | 0.2239 0.0722| 0.1568 | 0.1433 | 1.0900 0.1543 | 0.1090 | 0.2604 | 0.1486 | 0.0989 | -0.0326
TEXTRE 0.0771 | 0.0255 0.1878 | 0.3002
A HORIZON 0.4362 | (.2839 0.40181 0.430 | 0.2373 | 0.1M43 L0000 | 0.2635 1 0.35251 0.2239 | 01067 | 0.1141
0.0043 | 0.0406 0.3M8 | 0.5552
ALNTITUDE 0.0731 | 0.1544 0.1292 1 0.1153 | -0.0464 | 0.109%0 0.2635 | 10000 | 0.1807 | 0.1178 | 0.0382 | (.1999
-0.0781 0. 0330 0.0672| 0.2793
T-N 0. 4370 0. 4831 0.2149 | 0.4380 | 0.3395 | 0.2640 0.3525 | 0.1807 1.0000 | 0.2458 | 0.3207 0.0759
-0.0498 | -0.0287 0.3189 | 0.59%42
P, 0, 0.1833 1 0.1861 0.21181 0.1009 | 0.0677 | 0.1486 0.2239 | 0.1173 | 0.2458 | 1.0000 | 0.1064 | 0.059
0.1752 0. 0386 0.2503 | 0.3435
K. O 0.2221 0.2002 0.1918 | 0.2431 0.1771 0.0989 0.1007 | 0.0382 | 0.3207 | 01064 | 0.0000 0. 2036
-0.1049 § 0.1835 0.2428 7 0.3433
PH 0.1946 | q.1161 0.2203 | 0.1813 { 0.0283 | ~0.0326 { 0.1141 | 0.199 | 0.0759 | 0.0595 | 0.2036 | 1.0000
-0.2160 | o008 | 017410 0.313¢
TOTAL BASE | -0.0050 | _p, o406 | -0-0506 | -0.1021 | -0.1295 ! 0.0771 0.0034 | -0.0781 | -0.0498 { 0.1752 | -0.1049 | -0.2160
10000 | g, 3708 | 0.0006 | -0.0321 ‘
BASE 0.0632 | o.0750 0.0632 | 0.039% | 0.0397 | 0.0255 | 0.0406 | 0.0330 | -0.0287 | 0.0386 | 0.1835 | 0.2208
BATULATION | -0.3798 | o0 | 0.1072] 0.1210
DEPOSIT 0.5147 | g.g000 | 0-3433| 0.4502 | 0.2816 | 0.1878 | 0.3048 | 0.0672 | 0.3189 | 0.2503 | 0.2428 | 0.1741
0.0006 | ¢,1072 | 1.0000| 0.6379
Y 1) 0.757 | ggse0 | 0.573| 0.7270 | 0.535 | 0.3002 | 0.5552 | 0.2793 | 0.5042 | 0.3485 | 0.3453 | 0.3134
0,032 | o0 | 0637 10000
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Table 13. Partial correlation coefficient of each
Item for JaPanese Larch.

ITEM COEFF.
Soil Tygpe 0. 3010
Soil Depth 0.4171
Relief 0.3153
Soil Moisture 0.3272
Consistency 0.25%
Soil Texture 0.2230
A Horizon 0.1920
Altitude 0. 2898
T-N 0.2824
P, 0, 0.2327
K, O 0.1276
PH 0. 3069
Total Base 0.1561
Base Saturation 0.1001
Deposit 0. 3764

2) bk eb i
R iR e TS (LFNERT skl IR Y
Br fa
Table 14. Partical correlation coffi cient for each
soil chamical properties for Japanese -

Larch.
Soil Chamical| Partial Corrglation
Remark

Proporties Coefficient
Base 0.7292 3% Muitiple _

Saturation 82;??};22?
0.M 0. 4907 pY-Y=0.7474
C.0 0. 4472 %12 Item,
C/N Ratio 0.3473 oy Category
P, 0s 0. 3401
PH 0.2817
K,O 0. 2648
T-N 0. 2558
MO 0.2141
CEC 0.2136
Total Base 0. 1819
NaO 0. 1665

) YBEPE 2k BER
P RIVETE 9b v iE g ekel (RMPALREL

Table 15. Partial Correlation Coefficient of each
soil physical properties for Japanese

Larch
Soil Physical | Partial Correlation
Remark
Properties Coefficient
Deposit 0. 4086 ¥ Multiple
Soil Deph 0. 3988 el o
Soil Moisture 0.3335 oYX ;22-292
Altitude 0. 3263 %294 Plot
Relief 0.2927 xld Icft";gory
Soil type 0. 2535
A Horezon 0. 2201
Consistency 0.2138
Orgamic mat ter 0. 2084
Soil Texture 0.1348
Bed rock 0.1196
Gra el Content 0. 0996
Aspect 0. 0554
Slope 0.0491

CLEsb gre] ZE§ER 9 zbupbSell dlejal  hEER
PRI B o ol o] 4 ub fRrEupk el oleis fital
eniel MIBYPE S vhebdl o gloed vinp (LENY LR
el Fos ks dEgbebd o 2w iiERkel
vheEbd Aol PRl e

. AbehR 259 EEARMD ol RS 2018 R 4
FOEIS) RHEBDARE & % 25(W ltemse] 0\
chal LI R R dig e A e BRIl A
ETHERT 46{{1‘51 Cotegorvel T Ry & ik '}'/T
7y SHINT = 482 Categorvz [X4slsl it ok
RO N: RS R ft”}"’ﬂ*)f{:tgw - 46f8 Categorv s+ ¥
Fip) 8 RN I T AT Categorvi 1K)
ghod T F il TiREl (KShe] Hufv 9P9| ﬂﬂ”lﬁ—”g Rl
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Table 16. Multiple Correlation and Number of soil factors{Item) in reation to soil properties for two
specaes. )
i i [X o o # KN OB M OB OF K
Species Soil properties Soil factors (Item) Multiple Correfation
Coefficient
YR 13 pY. Y=0.899
Physical Properties
3 B + B (e 12 oY. Y=0.7365
Korean White Pine Chemical Properties
P (e, ] 15 pY.Y=0.9103
3% Physi-Chemical =
L AR i 14 pY.Y=0.9272
Physical Properties
N . . ot 4| k22 ic 12 Y. Y=0.7474
% E /N _ )
) Chgmical Properties
Japanese Larch . .
% FboEdk 15 oY.Y=0.9434
% Physi-Chemical
Properties
I Y =X, X, b X eeerreremreien e + X, 3 ZRS-o) KR EHIIRES Kilvell A6l
Y = Acrual site inderx 0:‘ ’F$)f\/'f:j]' ﬁ’ }k}g[}d f"ﬁ’—%gl fhﬁﬁﬂ%}ﬁ‘% L’<|)<Siq
Y =FExtimated site inderx frsked e cpZal ghol LEER] LRI A} ob ol
K, ereeenenns +X,: Soil factors = AE ek dek
Table 17. Partial Correlation Coefficent of the Soil Factosr for two species.
Factors. 0}.1 0}.2 03.3 0{.4 0.}5 0:.6
Soil depth o) X
Deposit o ¥
Soil moisture (o] %
Relief o X
PH o] %
Soil type % o}
Altitude o %
T-N [¢] X
Consistency % fo)
P, Os O
Soil texture o X
A Horizon 0 x
Total base X0 X : Larix leptolepis Gord
K, O % o (O Pinus Koraiensis Sieb et Zuce.
Base satulation X0
0 0.1 0.2 0.3 0.14 0;5 0.6

} n n
T T T T T T
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Table 18. The decreasing order of Weight
for 6 Soil nutrients by Species.

—

Partial correlation arder of
soil nourishments

P.0s, KZO N, C.0, MgO, N,

Species

Korear. white
pine
Japanese

Larch

SoBHED R THEe] MULR BNk AV R

R A Fell A EEAR A TR 6 WK
ION.P, 0K, O, CaO. MgON,02] {BHIB M5
Tl atisbed Wl JBERR A 4] N PO K O,

Ca), MgO,N,0¢} Wifz.of |
K O, N.Ca0, MgO,N,.0% W72k 61 |1I#
FebtL ol Basic Saturation, C/N ratio, Total
G A A G AT B s ALY - KRR of]
4 '~ Bagic saturation. N. Ca0O. C/N ratio, P,05,
K.O MgO Totall Base,NaO2] Wiz & viepyt o 3t

ol 42 P, O, Total Base,N.N,O, C/N
Ca0, PBasic s buration, K, O MgQ¢}] M7 & A
Hh Sy sler dbebubel

shk- HEROHH - B 0;,

Base %

ratio,

e} KR ¥
abel o} 2 A el 5 & Aol

A& Computer 2 FHT & Hil HUL o} FEol
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