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SUMMARY

I. The Title of Study

Analysis of Ecological characteristics and Development of Forest Management Model

for the Korean Pine (Pinus koraiensis) Advance Growth Occurring Stand

IT. Objectives and Necessity of Study

Korean pine (Pinus koraiensis) is native to Korea, produces valuable wood, and has been
planted as a major tree species throughout the country except for Cheju Island. Also the species
produces nuts for food and medicine, and consequently, the species is preferred to other
coniferous species. The species occupies about 30% of total plantation area, and the planted area
from 1960 through 2001 is estimated to 450,000ha which is equivalent to 7% of total forest land
area in south Korea.

The plantation is mature to produce nuts, and the nuts are carried to adjacent areas by
animals and birds. Seedlings from these nuts occur naturally and the area of advance growth is
increasing rapidly.

To produce wood and nuts previously the species was planted as a pure stand after
harvesting natural forests. However, it was pointed out that the practice is costly and ecologically
unsound. Furthermore, natural Korean pine forests are found to be mixed forests with deciduous
species rather than pure forests. Developing a practice for advance growth with other tree species
would be useful.

To achieve the goal it is necessary to study the advance growth with emphasizing stand
structure, environmental factors, production and nutrient cycling for seedlings and also to

investigate forest management systems for the species.
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The objective of the study is to investigate 1) stand structure and environmental factors, 2)
production and nutrient cycling, and 3) silvicultural practice and regeneration model for Korea

pine.

[ll. Contents and Scope of Study

To study stand structure and environmental factors, three stands (Chuncheon, Hongcheon, and
Gapyeong) were selected, stand characteristics including horizontal and vertical structure, diversity
and dominance analysis, densities with age, height, and diameter classes, and standardized morista
index were studied, environmental factors and soil chemical and physical properties were
examined, and the ordination analysis was employed to investigate the relationship between
advance growth and environmental factors.

To collect data for improving advance growth three stands (Quercus mongolica, mixed Q.
mongolica and Q. variabilis, and Pinus densiflora) were selected. Allometric equations were
developed to estimate production and biomass allocation. Also nutrient distribution including soils
was studied and SLA and chlorophyll contents were measured to investigate possible causes for
poor advance growth for the species.

Four stands (natural deciduous stand, Larix leptolepis stand, Pinus rigida stand, and Pinus
densiflora stand) adjacent to plantations were selected to study naturally occurring advance
growth in understory vegetation. Seedlings were classified depending on stand types, densities,
and stand age classes. Thinning was applied to the natural deciduous stand to investigate the
relationship between thinning intensity and seedling growth. Silvicultural practices and
regeneration model were presented for the other stand types based on the results of thinning for

the natural deciduous stand.
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IV. Results

1. Characteristic of Stand Structure and Environmental Factors for the Korean Pine Advance

Growth Occurring Stand

Seedling density range and average density (number per ha) were 2800-7800 and 5971 for
Chuncheon, 1400-13800 and 4862 for Hongcheon, and 1200-6600 and 3883 for Gapyeong.
Maximum seedling age (year) was 36, 34 and 27, respectively. In general, there was a reverse J
shape pattern for age, diameter and height classes. Seedlings with moderately high height classes
were found with codominant trees and competing with other species.

Seedling growth was very slow and heights of Im and 2m were reached at the ages of 15
and 23 years. Species diversity was higher in the shrub and herbaceous layers than in the
overstory layers, and seedlings were distributed as clumped patterns.

Seedling biomass in the thinned stands was 7 times higher than those in the unthinned
stands. Allocation to needles and branches was higher in advance growth than in plantations, and
root to shoot ratio was significantly lower in advance growth.

Ratios of LMA and ChIU/N for seedlings were higher in the thinned stands than in the
unthinned stands. Soil chemical and physical properties were similar to those for common forest
soils, however, base saturation was low.

Seedling density in plantations of Gapyeong was lower than in other adjacent stands, and also
showed weak clumped patterns. Average seedling density from 1.8km from the plantation was
4200 per ha. Advance growth had undeveloped branches and fine roots, fine roots were under
decomposition.

Taking into consideration of naturally regenerated Pinus koraiensis wildlings in the deciduous
stand, this study was carried out to investigate the stand composition and environmental factor of
temporally established sample plots in Chuncheon, Hongcheon and Gapyeong. The density, total
collar area, total height and total age of Pinus koraiensis were used as evaluating factor for

analyse the occurrence degree of Pinus koraiensis wildlings. Ordination by the method of CCA
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was examined for evaluate the occurrence degree of Pinus koraiensis with four environmental
factors, stand composition(bio-environmental), site condition, soil physical properties and soil
chemical characteristics, respectively. The collar area are higher in region with larger basal area
of Betula davurica, high altitude, larger soil water holding capacity, high gaseous and in region
with high altitude and lower clay concentration. The total height are higher in region with lower

altitude and clay concentration.

2. Production and nutrient cycling for the Korean pine Advance Growth Occurring Stand

Natural regeneration of P. koraiensis would'be economically and environmentally sound
compared to artificial plantation. To collect the basic information for natural regeneration of the
species biomass and nutrient cycling for P. koraiensis advance growth were investigated in Q.
mongolica, mixed Q. mongolica and Q. variabilis, and P. densiflora stands. P. koraiensis
seedlings were suppressed with limited sunlight by overstory and understory vegetation. The
seedlings allocated more biomass and nutrient into foliage compared to other overstory vegetation.
Practices to increase seedling growth for natural regeneration would be 1) to improve light

condition with thinning and weeding and 2) to supply nutrient.

3. Development of Silvicultural Tending Methods and Regeneration Model for the Korean Pine

Advance Growth Occurring Stand

The natural occurrence of Korean pine offsprings in the four (natural deciduous forest, Larix
kaempferi forest, Pinus rigida forest, and Pinus densiflora forest) different forest types was
investigated to develop silvicultural tending methods and regeneration model by understanding
stand structure such as distribution and growth. The canopy of the natural deciduous forest, in
which greatest number of Korean pine offsprings occurred among studied forest types, has been
opened by different thinning level to examine internode growth of Korean pine seedlings for

various stand density levels. This practical and field oriented study was carried out to provide
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essential information so as to establish the appropriate scheme for silvicultural treatment and to

develop model for the Korean pine advance growth occurring stand.

A. The stand structure and regeneration pattern in the Korean pine advance growth occurring

stand.

The Korean pine advance growth occurring natural deciduous forest was composed of 15 tree
species. The most dominant species was Quercus mongolica estimated as 74%, followed by O.
dentata (10%), Q. variabilis (8%), and Betula davurica (3%), occupying (90%) of the canopy. In
Larix kaempferi forest, the larch was composed of 96% of the canopy density, in addition 2% of
Pinus rigida, once supposed to be planted, and 2% of naturally grown Quercus mongolica.

Sixty four understory plant species were presented all of the area in the Korean pine advance
growth occurring natural deciduous forest. The plots of light thin supported 45 understory plant
species, 50 species in control plots, and 53 species I heavy thin plots, but there was not
statistically significant difference among treatment plots. On the other hand, relatively small
number of understory plant species were growing in the Larix kaempferi forest, Pinus rigida
forest, and Pinus densiflora forest.

The number of naturally grown Korean pine offsprings per hectare were estimated 8,800 in
the natural deciduous forest, 4,700 seedlings in the Pinus densiflora forest, 4,500 seedlings in the
Larix kaempferi forest, and 2,500 seedlings in the Pinus densiflora forest. The number of Korean
pine offsprings was largest in the area of less than 25°f slope with favorable sun light
condition in all four forest types. On the contrary, the occurrence of Korean pine seedlings was

deceased as the study stand located far from the stand of seed source.

B. The comparison of growth of the Korean pine seedlings between natural occurrence and

artificial plantation and the effect of canopy openings.

The diameter and height growth of Korean pine trees in artificial plantation was much higher
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than those of naturally occurring trees in all age classes, and the differences were getting greater
as the trees were older. Mainly because those Korean pine trees in artificial plantation that could
be more vigorous or better adapted to the environment were most likely to survive the intense
competition for light, moisture, and nutrients, generating crown classes and bigger differences as
trees got older.

The relationship between age and height of the trees would be used in the prediction of the
change of stand structure as time went by and become important information in the decision
making process of forest management. Accordingly, we could predict how the stand structure of
the natural deciduous forest would be changed by the understanding of the relationship between
age and height of naturally occurring Korean pines. From this point of view, we suggest
appropriate thinning or partial cutting of hardwood canopy to improve the site condition within
the stand to enhance height growth of naturally occurring Korean pine trees, catching up the
growth of plantation.

In order to investigate the growth of Korean pine offsprings by canopy opening, we thinned
the Korean pine advance growth occurring natural deciduous forest with three different levels,
light thinning, heavy thinning, and control. The general results indicated that the growth rate of
internode of the offspring was increased as thinning intensity was increased.  The canopy
opening for the growth of internode became effective at the age of 15, getting increased as
offsprings were older. The results of study recommend that the canopy coverage would be
maintained at least more than 35% or the target stand would be clear-cut in small patch of
0.1-0.3 hectare to enhance the growth of naturally occurring Korean pine trees.

The number of younger than 5 years of Korean pin seedlings tended to be sharply decreased
regardless of thinning intensity. It is not because of thinning itself but because of the competition
among seedlings for survival or insufficient amount of seed supply by harvesting of adjacent

seed source stands.

C. The influencing factors on the direct seeding, growth, and development of Korean pine
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Recognizing the concentration of naturally occurring Korean pine seedling on the aspect of
south, southeast, and/or southwest, the result of seeding experiment of the Korean pine showed
that light condition was supposed to be the most decisive factor to influence on the germination
of korean pine seeds.

In the stand of closed canopy transmitted sunlight to the inside of the stand was less than
5% of full sunlight. However, since the amount of transmitted sunlight can be considerably
increased by the opening of the canopy, appropriate regulation of stand density can promote the
growth rate of regenerated Korean pine offsprings.

Showing that only few seeds germinated except on the south facing slope, seeding experiment
of Korean pine was hardly successful. Unsatisfactory germination results were presumably owing
to the predation of pine seeds by rodents and other seed-eating animals and unfavorable
germinating conditions (soil moisture, light, etc.) of the experimental site. It can be considered
the application of chemicals to seeds before sowing, which might prevent rodents and seed-eating
animals from consuming Korean pine nuts, but requiring extra cost and labor. Reviewing all the
results and findings from this study, it is more desirable to induce natural regeneration of Korean

pine from the seed source of adjacent mature Korean pine stands.

D. The silvicultural system and regeneration scheme for the Korean pine advance growth

occurring stand.

1) The natural deciduous forest

In the Korean pine advance growth occurring natural deciduous forest which was dominated
by Quercus mongolica, 100% cutting of overstory hardwoods showed best result in the growth of
naturally occurring Korean pine trees. However, clearcutting of large area sometimes produce
adverse environmental and social effect in spite of economical and convenient, small patch
(0.1-0.3 ha) clearcutting is recommended to enhance the growth of pine seedlings and yield the

hardwood timber.

_17_



Setting the rotation of 100 years, the overstory trees of the natural deciduous forest was
planned to apply small patch clearcutting at the age of 40, continuously cutting every 20 years.
Present stand density was 1,450 trees per hectare, reducing the number of trees at every 20
years, regulating as 600 trees per hectare (40 years) — 400 trees (60 years) — 200 trees (80
years) — 20 trees (100 years). Present number of naturally occurring Korean pine seedlings were
recorded as 8,800 per hectare, largest among four forest types. The thinning or improvement
cutting operation would be started at the age of 15, reducing the number of trees at every 20
years, regulating as 3,000 trees per hectare (15 years) — 1,500 trees (35 years) — 500 trees (55

years) — 250 trees (75 years), and finally establishing the hardwood-Korean pine mixed stand.

2) The Larix kaempferi forest

The number of trees per hectare in the Korean pine advance growth occurring Larix
kaempferi forest was about 1,450. Under the assumption of initial planting of 3,000 trees per
hectare, it can be noticed that thinning practices have been performed once or twice until this
time. The thinning or improvement cutting operation would be started at the age of 30, being
700 trees per hectare of stand density, and continuous thinning at every 10 years, making 500
trees per hectare (40 years) — 400 trees (50 years) — 300 trees (60 years). At the rotation of
60 years, all timber will be harvested, expecting to produce 257.4m’ of timber.

Naturally occurring Korean pine trees in the understory would be mixed with some
hardwoods from adjacent forests, inducing the mixed stand. The number of Korean pine
offsprings were 4,500 per hectare, half of those in the natural deciduous forest but similar to
those in the Pinus densiflora forest. The thinning or improvement cutting operation would be
started at the age of 15, reducing the number of trees at every 10 years, regulating as 2,500
trees per hectare (25 years) — 1,600 trees (35 years) — 800 trees (45 years) — 400 trees (55
years), and finally establishing the hardwood-Korean pine mixed stand. Alternative regeneration

method could be artificial planting with shade tolerant tree species.

_18_



3) The Pinus rigida forest

The number of trees per hectare in the Korean pine advance growth occurring Pinus rigida
forest was about 1,450. Under the assumption of initial planting of 3,000 trees per hectare, it
can be noticed that thinning practices have been performed once or twice until this time. The
thinning or improvement cutting operation would be started at the age of 30, being 800 trees per
hectare of stand density at the age of 30, continuously making 500 trees per hectare (40 years)
— 300 trees (60 years). At the rotation of 60 years, all timber will be harvested, expecting to
produce 251.8m’ of timber.

The number of Korean pine offsprings were 2,500 per hectare, showing the least density
among four surveyed forest types. The thinning or improvement cutting operation would be
started at the same time for the overstory trees, reducing the number of trees at every 10 years

to become 1,800 trees (25 years) — 1,200 trees (35 years) — 800 trees (45 years), and

eventually leaving 400 Korean pine trees.

4) The Pinus densiflora forest

The rotation of Pinus densiflora was established as 60 years. The overstory trees of the
Pinus densiflora forest was planned to apply small patch clearcutting at the age of 30,
continuously cutting every 10 years. Present stand density was 2,000 trees per hectare, regulating
as 800 trees per hectare (40 years) — 500 trees (50 years) — 250 trees (60 years). At the
rotation of 60 years, all timber will be harvested, expecting to produce 199m’ of timber.

The number of Korean pine offsprings were 4,700 per hectare, showing half amount of those
in the natural deciduous forest. The thinning or improvement cutting operation would be started
at the same time for the overstory trees, reducing the number of trees at every 10 years to
become 2,500 trees (25 years) — 1,600 trees (35 years) — 800 trees (45 years), and eventually
leaving 400 Korean pine trees.

It is recommended that the silvicultural activity should be done for such practices of the

_19_



appropriate opening of canopy trees and weed control and/or release cutting of the offsprings
simultaneously, so as to make successful regeneration and better stocked stands originated from
naturally occurring Korean pine seedlings. On the basis of economical analysis, pruning should
be considered as additional treatment to produce better quality of timber for canopy trees and

Korean pine offsprings.
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F 1.9, Fubre] FaAat vl Fake] A1) 2003).
Sl

7] 7 a b R’ E

_ =25 1.892 2.536 0.973 1.257
= 9 1.655 2.188 0.942 1.344
A 7}HA] 0.488 3.097 0918 1.651

7b A ILALA] 0.820 1.379 0.148 6.016
G 0.561 2.489 0.930 1.448

2 0.121 2.489 0.930 1.448

“logY = A + BlogX ; Y& #A%%%(g), X= DBH(cm)

¥ 1.10. HIZHEA] AR e AR X gt A AR dEH
At AR
7] =
ton/ha % ton/ha %
25 0.182 14.4 200.90 67.0
= 7]
>3] 0.059 47 36.20 12.1
2d 0.017 13 0.66 0.2
1a 0.020 16 33.80(>14) 116
7F A

od 0.031 2.4
>oud 0.380 30.6 0.16(LAFA)) 0.05
hd 0.032 25 3.04 1.0

1a 0.148 1.7

g_l

od 0.121 9.6

>oud 0.099 76
<2mm 0.015 1.2 25.01CA A)) 8.4

. 2-5mm 0.014 12

N 5-20mm 0.066 52

>20mm 0.075 5.9
A A 1.260 100.0 299.70 100.0
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% 114 EYe 2894 44

2 za = B4 WARE (0 B 00 .., sk AAN AW
Ao o o9 VT =4 o TEAF R 853
B (g/cm®) mE mA HE 24 94 14 0 (mfsec) (%) (%)
Cl A 101 FE(L) 40.2 453 145 376 242 382 624 29.5 50.6
- c2 A 098 FE(L) 452 426 122 30.2 373 325 69.8 30.9 55.9
C3 A 1.00 FE(L) 486 41.0 104 30.0 29.9 401 70.0 355 54.2

=
C4 A 105 FE(L) 50.1 374 125 34.8 222 430 652 314 60.3
A 5 A 092 TWAFRGE(SIL) 374 504 122 386 283 331 614 1.34x10° 32.6 52.4
B 098 FE(L) 377 39.1 232 381 228 391 619 3.40x107° 26.0 48.6
< 6 A 099 FE(L) 44.2 436 122 397 256 347 603 2.68x10 " 32.1 50.0
B 1.19 FE(DL) 483 395 122 374 188 438 625 1.49x10" 178 46.8
c7 A 108 FE(L) 482 406 11.2 425 303 272 575 36.3 54.1
ol A 088 FE() 409 462 129 303 205 492 697 291x107 324 62.0
B 099 FE(L) 441 392 167 399 213 388 601 4.20x10° 281 50.7
H2 A 086 FE(L) 51.3 338 149 50.1 145 354 499 19.6 445
5 3 A 0.86 FE(L) 65.3 244 103 346 137 517 654 1.22x10" 195 58.0
B 1.01 FE(L) 66.0 24.4 96 405 181 415 595 3.10x10° 24.6 427
A H4 A 091 AFASFE(SL) 540 360 100 369 205 426 631  2.30x10° 275 60.8
= B 0.88 AFAFE(SL) 495 376 129 329 246 425 671 7.30x107° 24.0 57.1
2] 5 A 081 FE(L) 442 430 129 344 171 485 656 I,HXIO’l 26.8 55.7
B 111 FE(L) 458 387 154 457 180 364 543 3.80x10° 28.4 51.7
o 6 A 0.89 FE(L) 437 431 132 367 165 468 633 1.90x10° 24.3 46.2
B B 122 FE() 416 481 103 456 128 416 544 3.80x107° 25.6 52.0
H7 A 1.00 FE(L) 506 373 121 449 229 322 551 274 48.4
s A 0.89 AFAE(SL) 576 324 100 346 258 396 654 1.90x10° 28.6 44.3
B 120 AFAFE(SL) 530 338 132 47.1 233 295 529 4.00x107 279 41.4
Gl A 110 FE(L) 51.2 390 9.8 482 262 256 518 279 45.4
Gl A 102 FE(DL) 498 366 136 436 298 266 564 32.0 49.2

7}
G3 A 108 AFAFE(SL) 554 357 89 50.1 327 172 499 33.7 41.0
K G4 A 104 AFAGE(SL) 528 31.0 162 494 362 144 506 40.5 39.5
2 G A 105 FE(L) 505 386 109 42.7 371 202 51.3 39.7 46.5
o G6 A 106 AFAFE(SL) 526 351 123 476 338 186 524 34.3 43.7

=
G7 A 111 FE() 482 364 154 41.3 415 172 587 427 50.1
G8 A 105 FE() 479 378 143 399 365 236 60.1 38.1 48.8
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394, 362 9 454% e} A o] nmA =gtom BEE(%)S 27t 60.6, 63.8 L
53924 WA A G 4

FeEvel B AU AHEGY] 3 24 FolA= V1S vEe] w2U(E 5, 2002),

7pgA e a2 a, A, 7173 HlE(%)e] 27 454, 342 R 204= 7173 Hl&o]

TEE%)2 T, 24 R 7HEAGNA 42 606, 638 B 5392 WELY B¢ &4

HAETZF (%) A9 Fd2> T, = L JPEA A A7 525, 539 H 455%
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3) £l sty

7y Z2ARA 9] REZ(10em) B4 stshd S % 11540 AAls k. B pH(H0)= &

ol 747} 499-546, 4.80-520 % 4.80-5.209 ®lolw, Hye 747t

518, 4982 4.880|3ith. ol g EuEt AtHESe] A 9 Fehme] High(A, 2002)
5487 5520 Hl3] thA W& FFEo|th

23 2 7hEA

Hr /
Al vorom vt AHESY] ESRIIEdE S v E vEkrh A4 (%)
0 16-0.25¢] ®ejelm, 74 At
199 0213 H]52gk ol
, F=HA ol 1652 E Agwtt

A 24 K(cmol/kg)e $-2lvel 2 9= Ao Hir30.237 0.260] wlete] FHA AL
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224 Mg(cmol/kg)

n
Ay
P
X

% 1.15. B¢ shsby g,

2 24 pH  #71%  Ada  fmay  AE8 FelElemolke) CEC  471¥3%

2o - (H20) (%) (%) (mg/kg) K Na Ca Mg (cmol/kg) (%)
. Cl1 5.34 542 0.24 14.9 0.5 0.06 0.92 1.40 14.90 19.3
= C2 5.32 4.97 0.23 216 0.39 0.06 0.73 2.18 13.80 242
= C3 5.46 4.55 0.19 185 0.62 0.04 1.02 1.94 31.20 11.6
C4 5.13 2.57 0.12 10.8 0.27 0.10 038  0.61 11.00 124

A C5 5.02 3.08 0.13 22.6 0.17 0.08 0.43 0.49 14.30 7.1
o C6 5.00 3.25 0.11 154 0.24 0.12 0.60 0.42 13.64 10.1
Cc7 4.99 2.70 0.11 12.2 0.33 0.16 087  0.64 16.06 125

H1 4.84 5.95 0.27 3.79 0.11 0.06 046  0.23 22.22 3.8

= H2 5.03 5.01 0.21 5.00 018  0.05 054 031 17.65 6.1
H3 4.84 3.53 0.16 4.43 0.12 0.04 0.30 19 15.84 4.1

& H4 5.09 4.93 0.22 3.82 0.27 0.04 0.49 0.22 19.14 5.3
] H5 5.10 3.92 0.17 5.19 026  0.05 038  0.21 20.68 4.4
H6 4.96 4.99 0.19 6.57 010  0.04 0.49 0.24 18.00 4.7

° H7 5.20 4.75 0.23 3.98 0.21 0.06 0.61 0.35 2341 5.3
HS8 4.80 6.28 0.26 9.45 016  0.04 047 024 14.36 5.7

Gl 4.88 3.69 0.18 411 015  0.03 028 030 19.62 3.9

7} G2 4.96 4.34 0.17 3.84 017  0.05 0.43 0.33 23.21 4.2
G3 5.14 4.01 0.21 3.60 0.09 0.04 035 028 16.60 4.6

£ G4 4.71 5.33 0.25 6.01 0.20  0.05 0.39 0.34 23.63 41
] G5 4.65 5.18 0.23 4.70 0.23 0.02 050 045 21.09 5.7
G6 4.83 4.55 0.18 3.37 0.16 0.04 0.31 0.29 18.14 4.4

4 G7 5.05 3.67 0.16 4.08 024  0.06 0.41 0.33 19.00 5.4
G8 4.86 4.49 0.20 3.23 0.21 0.04 047 040 16.72 6.7

CEC(cmol/kg)E &%, &3 2 7t Ao z+7} 11.0-31.2, 144-234 2 16.6-23.62 H
o= A A Zolrb Aow, Fie 747 164, 189 2 1980t UE #He &
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0.370
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ArE
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3% 1.20. CCA ordination 415 o] &gk AL Al
)

A Hx 1, 25 8 A B ZHAT
2l 4 _73%741—’?_ _*J%ﬁﬂf
=1 = 2 =1 = 2
|4 v 0.007 -0.013 -0.189 -0.232
m g 0.007 -0.002 0.178 -0.341
uAL g 0 0 -0.061 0.241
HE T -0.049 0.015 0.431° 0.437"
a7 0.019 -0.045 -0.271 -0.305
A -0.121 -0.017 -0.377 -0.179
7% 0 0 0417 0.297
A= -0.002 -0.036 0.265 0.280
B s 0.111 0.016 -0.170 -0.029
Ao & 0.069 -0.005 0.548" 0.143
" p<0.05, 7 p<0.01
4) Apre] wAz EoFe] sebH At )
CCA variable scores
A heiAght
deniity i
Z
> | | ‘ —
-8 /‘1;4}7!5.‘;7.55 = asaAazea 4
CE/CEC 1—+
/(/ PH
Axis 1
29 121 sty A Eqke] stehA Ao Al
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-0.286
-0.002
0.043
0.018
-0.227
-0.048
-0.145
0.076
-0.141
0.030

-0.026
-0.323
-0.299
-0.324
-0.227

0.198
-0.216
-0.457
-0.115
-0.294

-0.017
-0.016
0.017
-0.017
-0.012
0.017
0.003
0.079
-0.025
-0.059

0.047
-0.043
0.031
-0.062
0.020
0.052
0.017
0.008
-0.065
-0.115

pH

%2+ Mg
ol Ak 327] £.219¢] 47 FA

1 p<0.05

0
¢
N
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e
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3% 1.22. CCA ordination 415 o] &3k zt

-

2% o] AFEASF 2 AAAS.
ol 4 _Zé%ﬁlf _*J%ﬁﬂf
=1 = 2 =1 = 2
=ZUH (QV) -0.162 0.002 0.274 0.316
9 Z2u5F (QD) 0.197 -0.041 0.192 -0.088
Eutg - (BD) -0.121 0.007 0.510" 0.338
APV (PS) -0.053 0.020 -0.160 -0.149
A ZUF (QM) -0.086 -0.007 -0.248 0.173
ZF MU (SO) 0.005 0.028 0.010 -0.059
ek 0 0 0417 0.372
AP 9 0.247 -0.074 0.365 0.442"
AAHE 0.042 0.027 -0.001 0.458"
A ) -0.035 0.014 0.060 -0.223
AP 21 0 0 -0.283 -0.127
A g2 -0.246 0.037 0.219 0.200
|4 vF -0.478 0.011 -0.18 -0.471"
e g 0 0 0.176 -0.271
H| A} ShaF -0.066 0.021 -0.061 0.237
HAE & -0.070 0.003 -0.425" 0.205
A 0 0 -0.262 -0.556"
g 0 0 -0.369 -0.422"
717 -0.303 0.030 0.406 0.608™
AT 0.183 0.022 0.256 0.544™
B g 0 0 -0.161 -0.279
Hd &5 0 0 0.539™ 0.463"
pH -0.255 0.079 -0.018 0.259
& -0.239 0.022 -0.319 0.148
A A 0 0 -0.296 0.059
Fra ot -0.122 -0.031 -0.320 0.143
284 K -0.046 -0.015 -0.219 0.348
=8k4 Na 0.066 0.040 0.197 -0.058
x84 Ca 0.170 -0.001 -0.210 0.251
224 Mg 0 0 -0.452" 0.079
ol 2 3gTF 0.115 0.010 -0.111 0.207
A7) 3= 0 0 -0.289 0.058
p<0.05, **: p<0.01
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1 e e SRt Ty e
1 44 32.17 22.40 530
2 78 36.00 24.75 569
= 3 28 17.76 10.77 273
B 4 64 257.13 103.28 965
A 5 63 159.81 82.35 982
6 72 13155 64.27 832
7 58 265.67 94.12 799
1 14 88.58 15.32 182
2 41 173.87 53.25 536
3 62 425.33 104.48 1125
3 4 35 141.53 42,57 537
2 5 35 148.92 60.55 620
6 23 20.17 1563 295
7 138 206.97 116.32 1473
8 41 24.57 25.52 366
1 46 21.67 25.02 310
2 30 44.42 23.05 357
3 48 163.68 63.30 483
7} 4 62 30.58 41.36 612
& 5 28 70.99 39.47 404
6 12 49.34 24.74 173
7 19 37.12 23.33 236
8 66 109.57 89.90 916
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2mme] A= AL vg kel dAask o wx=E et Fol2(K, Ca, Na, Mg)
2 A EA9] 79 block digestor(BD-46, Lachat Ins., USA)E ©]-§3}4 Kjeldahl 3l 3},
E<ko] F9 IN Ammonium acetate® EU¥S F=3%F U3 Atomic Absorption Spectrophotometer
(AA-6600, Simadzu, Japan)® ZA3}AHFTA7]1EA T2, 1988).
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7l AR F2 42 54
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A AAUTFE FUE FAT H4d Qoo FAUStn A%

P

o o
Fol 9173k n QTHN 37°49, E 127°5). AFtiaAel e Akael 4me E 210 A4
shelth o] Aoje] Aw 30WzF B slee 101Te| %, ABF

&7, 2004).
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2 ) 667 A 22 925 219 314
2R
3 RS 627 A 20 975 16.6 22.4
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AP e FE AR} 43w S5 BgFPon 2R Ju 2
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e A dE 9UE Fa A% Faogdd
(m) = (%) (£/ha) (cm) (m*/ha)
402 A 35 1125 152 236
391 A 32 1300 16.2 33.7
402 s 34 900 19.0 32.8
618 A 33 575 18.8 12.7
UEF 59 54 A4
s
S  F
(¥/ha)
ENRRS 125
= R 25
° A5 775
=3y 200
= AL} 28000
o g5 50
= AR 600
= Z 400
ERRS 25
= A5 20400
AP U 25
Wz 25
= Az 5 275
=3y 600
- AL} 13600
° ARSI 25
o 25 25
% A 200
= A 350
= ALt 10400
° AbEg 125
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A1, 2,3 Aol 74z 116, 148, 1.05, 091 5o Yelgti (29 210). & 924 gz
1dAo] 7H =A veEba, g2 933 ol Aok AuF Ao =4 a g

(mg/g FW)2 AU AAA49 49 FdAdEE 434874 052-0.62, s ol #
A FTEAFE 3dA7MA 047-067= YES o™, dE4 b §F(mg/g FW) 35
ARG FAAEE 4374 054-0.62, AT AdFHiAE FAAREE 3TAA7A

0.44-0.81% e}

o

20 7
O™ x|+ molZg

15 1
10 A
05 1
0.0
ey 1944 2u Yy 3y

a9 2100 v ol AR " stu A AP F A5

sS4 g2 (mg/g FW)

e |

2.0 7

1.5 A1

& (mg/g FW)

k-1
=]

F

Ao 282 W sy A A9 S A5a dimg/g TW)S 994, 1,
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a1, 2, 3d480] 77} 044, 049, 051, 047 5o & et E 2.11). A A8
T F HEA FFS BE AY dHdA oA zelvt oyt 2] Al A
AT F A54 TS 3T ATt =4 vedgoh A dAAx e 5L
a9l & (mg/g FW)S Ay A5 49 FaAFE 43474 0.25-0.30, 3t <1
o Ag FEAEE 3dA47A 0.24-0292 YEbgor d=4 bol dF(mg/g FW)&

AR AAAFN FEARE 4d471H 016-019, AR AFHNE FdARE 39
A74A 0.16-0.18 T o= YEFSTE

AUTY U AT A4R5e 29U F 952 Fme/e FWE 934, 1, 2, 34

Aol z+zk 056, 0.71, 0.80, 0.98 T2 UEon sty dgde] Z9= ddA 1, 2 3
Wao] Z+zF 0.60, 058, 0.64, 0.62 T2 & YEFHTH Y 2.12). AUF AAAFe & =4
e 39 HAAANA M =A dERuT std dAA ST T g5 TS AU

AFART B vehgth A AASR GHE ad FFmelg FW)S A A4
A5l A9 BAANE 3AAAA 026-047, ZE AFAe] A4 FAATE A4
0.26-0.38% Uehton], 424 bel Femg/g FW)S by AAA S GdARy 3
AA7HA 024-043, AT AF ol FUAYE 3AA7A 024-035% et

20 7
15 A1
1.0 1
Rl
0.0

ey 1944 2dy 3dy

a9 212 AU4FE 0 AAAF AP AT A AHE F 452 g

Z (mg/g FW)

&
=

&o=4




A vebstt @ Fgdeol Shel vsl d54 ab vk
E=te 237 Eag vk vk (Thomas 5, 1996; Kitajima®t Hogen, 2003). wHeha] ¢l #o]
2| o] oA v 54 ab HIE A =Y, ol FHe SAo] sty dAA
T Aol e Adom st aEy 2 ATl stu AR s sty

AFH AG DA ab v o7t YAtk ol F (1000 AR QB S

E 27 AZURY W AR A5 AAY F3 0994 1 logV- A + BlogX 5 Y
A% %Hg), X& =944 (cm)
A 9] A B R’
R 1.3631 2.1620 0.80
T 1.0658 1.7150 0.92
7HA] 1.2628 2.3080 0.82
% 1.7015 1.6436 0.94
e 1.1984 2.1013 0.88
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F 28 FuFF Ead W stuy A A 4 A4 0 logY= A + BlogX

Y= A%Eg), XE 292974 (cm)(A, 2004).
FA 59 A B R
+ ¥ 0.0491 2.4547 0.96
G A 0.0436 1.6980 0.93
194 0.0510 1.7584 0.93
7}A] 23 A 0.0304 1.9469 0.95
394 o) 0.0063 28162 0.98
z2 71X 0.0014 2.4209 0.62
S A 0.1665 1.9183 0.95
. 194 0.0841 1.9665 0.96
- 21 A 0.0344 2.1859 0.94
394 o] 0.0425 2.0572 0.89
. Z] 0.0660 21416 0.95

9. 2usd W s AR A F=4 84 logY= A + BlogX ; Y& A

A H-e A B R’
s 2.4998 2.7952 0.97
AF 74A 1.9843 3.5561 0.94
=2 71 -0.2213 2.4412 0.66
o 2.6934 2.6182 0.94
L 2.28.08 2.2727 0.95

An gAAse] B4 A 4 AL E 27, 28, 299 AR A2 3
gRdel 84 Ay A4S 24 A% 24 8A4e B A7 44 zAsde
L=
[)

A3t Aol F=A4H" A4 E ol &k

2) A&
Aauge] dEde sty dAAAF =2 AN 24 AN £ A oA s
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AHE AAUYT-FHUTE 39S oz A IAAME 5 2003)S o] &dte] FA
AT A AA dEFS 241.Tton/haz A1 AU 210.6ton/ha(87.1%), =3 28.4ton/ha
|5 2.7ton/ha(1.1%)= F3E3FATHE 2.10). AAdvTF =4 A

Abekol sbu Ao of 80 Fr= uEh, AU i el Bk sy A

o
[—
@9]
X
u
Auh
=1
2
iw
4
)
oz

o

s = AL
FA 59

(ton/ha) (%) (ton/ha) (%) (ton/ha) (%)
7t 167.3 79.4 20.2 71.1 0.8 29.6
7}A] 17.1 8.1 4.6 16.2 0.6 22.2
A 2.0 09 0.3 1.1 09 33.3
A - 186.4 88.5 25 88.0 2.3 85.2
e 21.2 10.1 34 12.0 0.4 14.8
A 210.6 100.0 28.4 100.0 2.7 100.0

F 211 FuFF £52d Ul 2 FFo] Fed A

s 22 =3 AP
FA F$

(ton/ha) (%) (ton/ha) (%) (ton/ha) (%)
T3k 103.8 72.1 33.6 72.1 1.2 30.8
2k 7RA] 22.1 15.3 17.8 15.4 1 25.6
=2 7HA 0.2 0.1 0.1 0.1 0.03 0.8
A 1.3 09 1 09 1.2 30.8
A - 1274 88.5 1025 38.4 35 89.7
B 16.6 115 13.3 115 05 12.8
Z A 144 100.0 1159 100.0 39 100.0

o,
o
et

0%
N
i
0%
jakes
Mo
=
ofj
o
i
oft
rlo
=5
[\
—
=
B
m
v
jaleA
Mo
r>4

2
r‘%

Ege 263 7ton/ha® A1z



U 144.0ton/ha(54.6%), =37 1159ton/ha(43.3%), —12]aL Ak A A =15= 3.9ton/ha(1.5%)
2 EEsdv. Adueh S3usoE 47 e = d AR dnt A

A EEEe SA4S wolF i glon, Ay dAASFTE A dA 2d kel A A4A
g vl go] 1.5%% A diEe] =4 Atel ok FFe] v Aow AdE

AURPe ddoR 248 A4 7, 19893 A A4S B AAY 73

A AabE(ton/ha)S 11612 A 108.3(94.1), AAUF X+ 6.8(59%) S o= I
A ArreFo| A 2R S = W g0 59% 2 A AYUFEH I Fu)

| =
v gadd M dudow ¥ Aow ey

TR SEa Ao
(ton/ha) (%) (ton/ha) (%)
T3t 68.5 63.3 18 27.3
b 74A] 18.0 16.6 1.6 23.3
=& 714 1.0 0.9 0.1 15
=) 5.3 4.9 2.1 30.6
] g - 92.8 85.7 5.6 82.7
B 154 14.3 1.2 17.3
A 108.3 100.0 6.8 100.0

dE dH & TE s 7HA] £ RSl
67.3 22.5 10.2 of ¢} M} 1987
e AL 79.1 17.8 3.1 Son &, 2001
58.7 235 17.7 A3 4, 1988

A5 34.8 26.1 39.1 AT

HAYA] Aol = 34.3 29.4 34.3 AT

N 33.0 30.0 37.0 AT
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(3 2.13). ol& AYF HAXF7}F of2 AF& FHeA] Kot EAA] FuAA
FoAA A k7] Wil Aom BRIty Aoz SulE FItedA Hule FIAH 2&S
A7) S oy xet E- ulrE Sl Aol FJFE AR E 4 Ao

O FE EX

1) 248

I 214 AAUFE O AT ARG Bl R R (%).

FA 54 N P K
=5 0.15 0.02 0.15
T3 0.64 0.08 0.15
2F 714 0.54 0.06 0.10
=2 714 0.79 0.07 0.10
<l 1.43 0.13 0.82
e 0.49 0.05 0.34
3 216 Furw =5 W AU A8 AT FeE R vk (%)

TA 59 N P K Ca Mg Na
T3 0.33 0.04 0.19 0.04 0.04 0.01
7HA] 0.53 0.05 0.24 0.09 0.05 0.01

£l 1.39 0.10 0.43 0.08 0.11 0.01
B g 0.33 0.04 0.18 0.05 0.03 0.01
% 216 2YUFE U AU AAX s FE i vE (%)

TA 59 N P K Ca Mg Na
T3 0.46 0.05 0.14 0.04 0.04 0.02
7HA] 0.68 0.05 0.17 0.04 0.03 0.02
£l 1.78 0.08 0.56 0.02 0.06 0.01
B g 0.74 0.04 0.14 0.02 0.04 0.02
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AT o el s AAA S Fed g she E 214, 215 2169 2ok A
ol 8% N, P, Ko %+ oA 7P =4 vetyt. Fuy7F €599 49 Cad
s AAelA 7Y =9k, Mgsh Nadl s2E Qo4 713 =sich 24799 4$ Ca
o] FxE FH THAA Eokal, Mgl kv dolA =4 dER
E 217 AAUSE O sty ARG Feid o

. N P K

A 39
(kg/ha) (%) (kg/ha) (%) (kg/ha) (%)
=5 2.28 11.6 0.29 14.8 1.20 114
T 3.18 16.2 0.36 184 0.60 5.7
b 7hA 12.14 61.9 1.10 57.0 7.38 70.0
2 7HA 17.60 89.8 1.75 90.1 9.18 87.1
<l 2.01 10.2 0.19 9.9 1.36 12.9
e 19.61 100.0 1.94 100.0 10.54 100.0
E 218 FUFF R ol stu ARG Fod R R

PR N P K Ca Mg Na

T (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%)

=21 4.08 147 054 22.6 2.34 217 051 20.3 0.48 198 0.04 18.3

3 5.27 190 054 22.6 2.37 219 085 33.8 0.51 20.8 0.04 22.4

o 16.88 61.0 1.16 48.3 5.26 487  0.95 37.7 1.30 53.1 0.10 53.1

2| AFH- 26.23 947 2.24 935 9.97 923 231 91.8 2.29 938  0.18 93.8

ma 1.46 53 0.16 6.5 0.83 77 021 8.2 0.15 6.2 0.01 6.2

A 2769 1000 2.40 100.0 10.80  100.0 252 100.0 2.44 100.0  0.19 100.0
3E 219 2vFE W A Ao B GE R
PR N P K Ca Mg Na
T (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%) (kg/ha) (%)
Zx 8.44 129 087 22.2 2.60 139 0.30 294 0.78 37.8 0.65 22.3
| 11.45 176 0.86 219 2.78 149 0.27 26.7 0.60 29.4 0.57 19.7
o 36.71 56.3 1.67 42.8 11.64 62.3 0.21 20.6  0.48 23.1 1.26 435
PARARS 56.61 86.8 3.40 86.8 17.03 91.1  0.77 76.7 1.85 90.3 2.48 85.5
By 8.61 132 051 13.2 1.66 89 0.23 23.3 0.20 9.7 0.42 145
A 65.22 100.0 391 100.0 1869 100.0 1.00 100.0  2.05 100.0 290  100.0
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18.0
22.3
46.3
86.7
13.3
100.0

(%)

Mg

(kg/ha)
2.10
2.60
5.40

10.10
1.55
11.65

13.7
242
52.1
90.0
10.0
100.0

(%)

Ca

(kg/ha)
8.50
15.00
32.30
55.80
6.21

62.01

18.0
18.3
50.4
86.8
13.2
100.0

(%)

(kg/ha)
7.40
750
20.70
35.60

5.43
41.03

(%)
20.2
217
434
85.2
14.8

100.0

(kg/ha)
5.30
5.70
11.40
22.40
3.88
26.28
=gz 5, 2005).

15.2
126
61.1
88.9
11.1
100.0
0.38

(%)

[e)

.

24.50
20.30
98.40
143.20
17.85
161.05

(kg/ha)
TEE /g A NS
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229k Ao Ege] THISE

gt Fo3 2oz ATk N9 FsEE BE ZARFY 0-10cm ZoldlA 7MY & s=F
UERHY 10em ol7do] zlelek ol gk Apolzh ATk HE ESF zlold wel HAshe A
g5 BHYTh PO TR RANE 400A 7M BA JEoH BE ZAFEAA EY 2o
ol 7b AT ZF AN At M FH No| Fii 7|Ed v A 4% I
TR FA9k vEA JEbE T 5, 2003). ES W X8 K FEE ZARE 49
Zo] 20cm °] oo ZAFFIAME Zold Fogk xolrh vERUA] eFokil, 0-10cmeol A=
ZAFF 10], 10cm o] 9] Zojol A= ZANE 27F 7bd =gtk A #A Ca FEE AN 1
3ol A 0-10cm®t 10cm ©]% zlo]l 7+ ok Apol7k glom, 0-10cmol A= AN 19,
20cm ool M= FAR 27F 7HE mokth AR Mgdl vRE EE ARTOA zlold
o)A Aol 7k UEpubA @kl AN 27F thE ZAMTFEY QT A8 Na vEE B
T ZAFTOA ol Aolrh glolow, XA 27 thE AT ETG 2 FEE HATh
ZAF 278 ABA ol TRy =2, N9t PO sxv WA yEhdh ol ZANF

i

T dEEETt £
7b AT 4R EE o AR

aurde] B Aol Alge] £4 A #2239 2k B¢ TS AR 3
& Alelsta zlo] 0-10cm7b 10cm o9 Zol Bt % 9kil, FAMT & AT 49] 7hn| 5 o]
7H =k No| FEE 2ol 0-10em7F Dol & 714 %2 @S Uella, A 1o %

A T 7HE E=A YERR T PO sk AR 1AlA W Zo] 0-20em”t 20cm o] . th
TS s B, A 2, 3, 45 ol Aol7k yERFA ekl g FARSE 39 zlo]
0-10cm7} 7F¢ =& P T & HATh EYY A3 ol sE+ Nadl AN 3, 45
Aol Al Zho] 0-10em7t 7HE =& #hS YEldth Zo] 0-10cme K9 &
Tol A FANT 47F FART 1R =4 e, Mg F%E 0-20cm ZoldlA FA 3

N
B
=
e
rin
BN
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¥ 221 AAUFEHe B4 E84, gshy AdA,

7ol A 1 A 2 A7 3 A 4

o 10em 0.69 Ca 0.79 Ba 067 Ca 0.64 Ca

(0.03) (0.09) 0.01) (0.03)

7HZ L0220 1.04 Ba 0.97 Ba 0.98 Ba 0.94 Ba

(g/er) o 0.02) (0.11) (0.04) (0.03)
. 121 Aab 124 Aab 132 Aa 1.16 Ab

(0.02) (0.03) (0.03) (0.05)
o 1oem 037 Aa 032 Aa 033 Aa 031 Aa

(0.02) (0.03) (0.06) (0.04)

0.19 Ba 0.17 Ba 0.15 Ba 0.19 Ba

N (%) 10-20cm (0.02) (0.03) (0.02) (0.03)
o0en 0.14 Ba 0.09 Ba 0.12 Ba 0.11 Ba

(0.03) (0.01) (0.03) (0.01)

o 10em 0.03 Aa 0.03 Aa 0.03 Aa 0.03 Aa

(0.00) (0.00) (0.00) (0.00)
. ) 0.02 Ba 0.03 Aa 0.02 Ba 0.02 Aa

P8 10-20c (0.00) (0.00) (0.00) (0.00)
. 0.02 Ca 0.02 Aa 0.02 Ba 001 Ba

(0.00) (0.00) (0.00) (0.00)
o 1oem 058 Aa 0.36 Aa 040 Aa 0.33 Aa

(0.18) (0.06) (0.04) (0.02)

. 0.20 Ba 0.25 ABa 0.23 Ba 0.20 Ba

K- (emol /ke) 10-20cm (0.05) (0.01) 0.02) (0.01)
o0en 0.23 Ba 0.20 Ba 021 Ba 0.20 Ba

(0.03) (0.01) (0.01) (0.01)
. 131 Aa 135 Aa 0.34 Ab 0.27 Ab

(0.31) (0.22) (0.10) (0.03)

‘ 0.39 Ba 0.29 Ba 023 Aa 0.09 Ba

Ca (cmol /kg) 10-20cm (0.10) (0.08) (0.15) (0.02)
o0en 0.21 Ba 0.18 Bab 0.10 Abc 0.07 Be

(0.03) (0.04) (0.01) (0.01)
o 1oem 0.79 Aa 09 Aa 055 Ab 0.35 Ab

(0.09) (0.07) (0.12) (0.02)

. 0.33 Bab 0.42 Ba 0.20 Bb 0.15 Bb

Mg (cmol /ke) 10-20cm (0.09) (0.07) (0.03) (0.01)
o0en 0.25 Bab 0.33 Ba 0.20 Bbe 0.15 Be

(0.04) (0.04) (0.01) (0.02)
o 10em 039 Aa 041 Aa 036 Aa 040 Aa

0.01) (0.02) 0.01) (0.03)
> 0.36 Aa 0.36 ABa 0.30 Bb 0.36 Aab

Na (cmol /ke) 10-20c (0.02) (0.02) (0.01) (0.02)
0en 039 Aa 0.36 Ba 037 Aa 042 Aa

(0.05) (0.02) 0.01) (0.01)
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294, 354 44,

7ol A 1 A 2 A 3 A 4

o 10em 1.04 Ba 1.02 Ba 1.04 Ba 107 Aa

(0.02) (0.07) 0.07) (0.09)

7HiE 10220 156 Aa 1.38 Abc 145 Aab 128 Ac

(g/er) o (0.03) (0.05) (0.01) (0.09)
. 139 Aa 146 Aa 147 Aa 132 Aa

(0.12) (0.09) (0.05) 0.11)
o 1oem 0.16 Aa 0.16 Aa 020 Aa 022 Aa

(0.01) (0.03) (0.02) (0.02)

0.09 Bbe 0.07 Be 0.11 Bab 0.13 Ba

N (%) 10-20cm (0.01) (0.01) 0.01) (0.01)
o0en 0.06 Ba 0.06 Ba 0.07 Ba 0.09 Ca

(0.01) (0.01) (0.01) (0.01)

o 10em 0.02 Ab 0.02 Ab 0.03 Aa 0.03 Aa

(0.00) (0.00) (0.00) (0.00)
. ) 0.02 Ab 0.02 Aab 0.02 Aab 0.03 Aa

P8 10-20c (0.00) (0.00) (0.00) (0.00)
0.01 Ab 0.02 Aab 002 Aa 0.02 Ba

>20cm

(0.00) (0.00) (0.00) (0.00)
o 1oem 043 Aa 0.40 Aa 030 Aa 029 Aa

(0.09) (0.05) (0.12) (0.04)
. 034 Ab 045 Aa 0.15 Ac 0.20 ABc

K- (emol /ke) 10-20cm (0.04) (0.05) 0.02) (0.02)
o0en 0.33 Ab 050 Aa 0.13 Ac 0.16 Be

(0.06) (0.04) (0.02) (0.02)
o 10em 092 Aa 045 Ab 043 Ab 0.29 Ab

(0.28) (0.05) (0.02) (0.06)
‘ 0.27 Ba 024 Aa 0.23 Ba 0.28 Aa

Ca (cmol /kg) 10-20cm (0.04) (0.02) (0.02) (0.10)
0en 0.26 Ba 069 Aa 0.20 Ba 0.12 Aa

(0.04) (0.37) (0.03) (0.01)
o 1oem 0.77 Ab 151 Aa 054 Ab 050 Ab

(0.10) (0.20) (0.05) (0.06)
. 0.65 Ab 159 Aa 041 Ab 042 Ab

Mg (cmol /ke) 10-20cm (0.06) (0.14) (0.08) 0.11)
0.73 Ab 153 Aa 051 Abc 0.36 Ac

>20cm

(0.11) (0.15) (0.08) (0.07)
o 10em 033 Aa 043 Aa 045 Aa 040 Aa

(0.02) (0.05) (0.02) (0.03)
> 035 Aa 048 Aa 0.37 Ab 041 Aab

Na (cmol /ke) 10-20c (0.03) (0.03) (0.03) (0.01)
0en 0.44 Aab 052 Aa 040 Ab 040 Ab

(0.04) (0.03) (0.03) (0.01)
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¥ 223 AuFde B 74, 3sky A
7ol A 1 A 2 A 3 A 4
o 10em 0.68 Be 0.81 Bbc 0.87 Ab 1.02 Ba
(0.06) (0.04) 0.07) (0.02)
7HiE 10220 1.01 Ab 1.14 Aa 1.02 Ab 120 Aa
(g/er) o (0.06) (0.03) (0.03) (0.03)
. 1.12 Aab 1.09 Aab 0.97 Ab 127 Aa
(0.05) (0.04) (0.00) (0.05)
o 1oem 039 Aa 0.12 Ab 0.23 Ab 0.18 Ab
(0.09) (0.02) (0.05) (0.02)
0.18 ABa 021 Aa 0.09 Ab 0.14 ABab
N (%) 10-20cm (0.01) (0.05) 0.01) (0.01)
o0en 0.14 Ba 0.10 Aa 0.06 Aa 0.11 Ba
(0.01) (0.04) (0.00) (0.01)
o 10em 0.04 Ab 0.03 Ab 007 Aa 0.04 Ab
0.01) (0.00) 0.01) 0.01)
. ) 0.04 Aa 0.05 Aa 0.04 Aa 0.05 Aa
P8 10-20c (0.00) (0.01) (0.01) (0.01)
. 0.02 Ba 0.04 Aa 002 Aa 0.05 Aa
(0.00) (0.00) (0.00) (0.01)
o 1oem 0.82 Ab 0.95 Aab 094 Aab 131 Aa
(0.10) (0.14) (0.10) (0.17)
. 059 Aa 057 Aa 0.62 ABa 0.65 Ba
K- (emol /ke) 10-20cm 0.15) (0.14) (0.03) (0.09)
o0en 0.65 Aa 049 Aa 043 Ba 0.44 Ba
(0.29) (0.17) (0.00) (0.09)
o 10em 551 Aa 754 Aa 235 Aa 357 Aa
(2.33) (2.41) (0.89) (1.17)
‘ 0.83 Aa 037 Aa 0.14 Aa 0.06 Ba
Ca (cmol /kg) 10-20c 0.73) (0.03) (0.06) (0.25)
0en 0.04 Aa 026 Aa 007 Aa 045 Ba
(0.00) (0.23) (0.00) (0.17)
o 1oem 166 Aa 2.96 Aab 174 Ab 319 Aab
(1.20) (0.77) (0.48) (0.29)
. 1.37 Bab 1.15 Aab 054 Ab 1.86 Aa
Mg (cmol /ke) 10-20cm (0.35) (0.39) (0.05) (051)
o0en 0.72 Ba 172 Aa 0.78 Aa 424 Aa
(0.31) (0.71) (0.00) (1.98)
o 10em 119 Aa 087 Aa 067 Aa 102 Aa
(0.20) (0.08) (0.04) (0.28)
; 0.79 ABa 0.61 Ba 0.71 Aa 1.07 Aa
Na (cmol /ke) 10-20c (0.05) (0.03) (0.23) (0.36)
0en 0.57 Ba 0.52 Ba 031 Aa 0.67Aa
(0.12) (0.07) (0.00) (0.13)
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AT 2 24 3 AT 4

AT 1

5046

5600

5293
776
303
315
190
257

6223
657
347
313
145
257

496
247
68
65
249

661
301

117
101

Ca

Mg

235
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AT 2 A 3 ZAHT 4

AT 1

5206
969
304

4704

3474
772
688
360
725
428
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896
282

659
562
349
344
357

166
188
341

215
232
366
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Mg
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#0226 2uFEe] 2ARE Bkl it dhd(kg/ha).

A1 A 2 A 3 A 4
N 6164 4456 3501 4913
P 918 1249 1211 1643
K 759 764 730 1046
Ca 939 1365 452 859
Mg 659 678 343 1321
Na 528 452 370 730
3) F71ES
¥ 227 Az o] ZAME Ao fUlEHY S T
FA 1 ZA 2 ZA T 3 ZAME 4
T & (ton/ha) 9.7(1.14)a 11.6(1.08)a 8.2(1.93)a 10.1(0.73)a
N (%) 157(0.09ab  1.69(0.16)a  1.65(0.03)ab  1.39(0.05)b
(kg/ha) 152.6 195.4 135.0 139.8
P (%) 0.09(0.01)a 0.16(0.00)a 0.03(0.01)a 0.05(0.01)a
(kg/ha) 8.7 185 25 5.0
E 228 FUFF Tade A e RrlEEY 4 g
A1 A 2 A 3 A 4
71 &% (ton/ha) 17.5(0.50)a 7.8(0.23)b 15.4(0.18)ab  11.2(0.21)ab
N (%) 1.03(0.00)a 1.15(0.10)a 1.16(0.10)a 0.87(0.05)a
(kg/ha) 180.3 89.7 178.6 97.4
P (%) 0.04(0.00)ab  0.03(0.000b  0.04(0.00)ab  0.04(0.00)a
(kg/ha) 7.0 2.3 6.2 45
K (%) 0.25(0.05)a 0.41(0.21)a 0.29(0.02)a 0.42(0.06)a
(kg/ha) 43.8 32.0 44.7 47.0
Ca (%) 0.15(0.05)a 0.08(0.02)a 0.08(0.02)a 0.02(0.00)a
(kg/ha) 26.3 6.2 12.3 2.2
M (%) 0.15(0.02)c 0.15(0.03)c 0.22(0.01)b 0.33(0.03)a
& (kg/ha) 26.3 11.7 339 37.0
Na (%) 0.05(0.00)b 0.07(0.00)a  0.06(0.00)ab  0.07(0.00)a
(kg/ha) 8.8 55 9.2 7.8
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11.18(1.50)a
2.40(0.51)a

ZAF 2 RAE 3

14.34(1.42)a

2T 1
11.06(0.93)a
1.85(0.04)a

11.12(1.14)a

(ton/ha)

e

oF

268.3
0.06(0.01)a
6.7
0.23(0.03)a
25.7
0.03(0.01)b
3.4
0.16(0.03)ab
179
0.07(0.00)a
7.8

2.03(0.23)a
225.7
0.07(0.00)a
7.8
0.16(0.02)a
17.8
0.07(0.01)ab
7.8
0.10(0.01)b
111
0.07(0.00)a
7.8

1.74(0.17)a
249.5
0.06(0.00)a
8.6
0.28(0.05)a
40.2
0.05(0.01)ab
7.2
0.20(0.02)a
28.7
0.08(0.00)a
115

204.6
0.07(0.00)a
i
0.22(0.04)a
24.3
0.08(0.02)a
8.8
0.20(0.03)a
22.1
0.07(0.00)a
77
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=

}
-2 5} (Critchifield and Little, 1966;

=
=

5

5 o]

il

9
pul

Al =

A A A

Qo]

1

AT 5 € &
AU (Pinus koraiensis Sieb. et Zucc.)E THHtEel Fao] FTEIE Alu| g olo

A 3 A
AFALe 5% 2 W&
Mirov, 1967) &=l A ¢

1.
7}.

el
wr
My

ol
TR
&

Fo] 800meold ¥+=

2] OF A
= 71

Ae dddezs

e

il

<

Aok Aol ek Aekel 4, 1977

(Ao} Mk 1985) 2] A},
1989).

5o}

3
292 1960 d Eo A HE A

3|

B Ao

el

J =

A

il

g
a

2

3

o
a8

tel A=7HA 23

AT AR 2@ 3 gl
B xg FEo|t(AhRA, 2001). el 19609 E o Fi

°©
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9
pul

1

h4

S
A

Q)
=

A B4
3 ATFEE A

akof A

S
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=

=

o] 32%
g 2001 d7bA1 o] 2@ AL oF 45%ha(AHR A, 1968, 1979, 1982, 1991, 1998-2001)&A] o]
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S 93 P (Xu et al, 1986; Ding, 1988; Li et al., 1988; Yeh, 1988; Yang and Wu,
B2 AYUFE(Genus Pinus)©l

1988, Wu, 1994; Wang et al, 1994). #t2 2 A a37F Jd& 7z Fo=2 de o &

(Lanner, 1980).
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qge ANe e Fokol Axte] sl we a5e) AATE FARAL FhAA
UrbeE ol EAe] AAL AME, Wel, BFe] AR AAN o] FolAu HyE At
B fgel Aestn F9 A4% Add AW S9A 2 AAe A (niche)e] B

Aol A AAE Ag T Atz e AXAFe 2R/ oA o] Foxm 1 Fe
M F2 HAR(Sciurus vulgaris)®t A7 (Nucifraga caryocatactus)©ll 2] 8| Al o] 5o
A tH(Bromlei and Kostenko, 1970; Vander Wall and Balda, 1977; Bossema, 1979;
Kawamich, 1980; Anonymous, 1982; Jensen, 1985; Li, 1986; Jensen a Nelsen, 1986;
Miyaki, 1987, Li et al, 1988; Hayashida, 1989; Liu et al, 1994). ¢o]&3t F&EE <3}
R F99 Lo gy AFE &Y (scatter-hoarding) @ A= th&ajo] o}, 2HAkelo]
AgRA A H

AA 73| 2bF7E 80~1001d ol ojoF GuE W] Al At Hla] QlE A AE At

e oF 2084 AR HE dvls 27] AEE (L et al, 1988), @A Aol AA IV
—_L
|=]

et al, 1989), o|&Al £&®S o|FH At BT

A W= A, A 3-4 moll A BRG] Wol Yoo R I3k Hajr Ao 7hx] A, A
oAur] etk Holth(Wang and Xu,

1981; Xiang, 1985; Xu et al., 1986; Li et al., 1988; Li et al., 1989; Tan et al., 1994; Chi et

al, 1994). 1B AUF = ERHS oFo AR & oy 59 UFse] 159 A

A elell wel 2R A, FE@ 9, FEHe] tEol & AR FA44 FRE o] FooF &

Hd o nup Aejdor ks Aol A4 ErvH(Xu et al, 1986; Chi et al,, 1994).

Mol el e A, AEE BebgE ol o

G e B 84 249 24X = 9% A4, A9, 44 5o A=A AA
S 4HI PAE A o] Fo] X H(Barnes et al, 1998). AE U3 Lol A Aeta e

AR A7 dohdold dERoR mobe ay] et 224 29E FA 53 @
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