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ABSTRACT Dryobalanops aromatica and D. lanceolata (hereafter denoted as Da and DI, respectively) are
major Dipterocarp species constituting an emergent layer in the Bornean Rain Forest, and their distributions are in
proximity, but never overlap. Thus, we examined the relationship between the distribution of these species and soils
with reference to the soil physico-chemical, morphological, and microbiological properties.

Based on the topographical investigation, was located only on the upper slope, whereas DI occupied on both
upper and lower slopes. The soil solums examined around these two species were always deeper than 1.3 meter. Soil
texture was always sandy for the soils around Da, on the other hand, ranging from sandy to clayey for those around
DL. Furthermore, the following differences were found; 1) organic layer was thicker in the Da soils, 2) soil color of
subsurface horizons was duller in the DI soils, and 3) only the DI soils contained coarse fragments. 4) the amounts of
exchangeable cations such as Ca and/or Mg and total oxides' content of K50, MgO, and P,05 were higher for the DI
soils, 5) the amounts of exchangeable Al and H were higher in the Da soils, 6) proportion of air phase and volume of
macropore, and the value of sand content were higher for the Da soils, showing that the Da soils easily attain to drier
soil moisture condition after rainfall, which was proved by monitoring soil water potential, 7) ten times as much
fungal colonies were detected in the Da soils as compared to the DI soils.

These results suggest that Da emerges on a sandy soil with a dominance of drier soil moisture condition for
some period and a low nutrient status with high acidity on the reflection of stable pedogenetic processes, while DI
stands on either clayey or sandy soil with a dominance of reductive condition for a certain period and relatively high
nutrient status with low acidity, reflecting weak pedogenetic processes. It was well-known that shifting cultivators
utilize a land where DI dominates as a productive crop field. Their traditional way of land selection proves to be
rationale from the standpoint of soil science.

Key Words: soil morphology / soil physico-chemical properties / mixed dipterocarp forest / Sarawak/ tropical rain forest /
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There has been concerned with the relationship between soils and vegetation from the standpoint of
ecology and forestry. In tropical rain forests, particularly, mixed Dipterocarp forests, such studies has
been conducted, but it remains to be discussed about the relationship between soils and vegetation.
There are two different ways of thinking about the relationship, that is, 1) there is some relation
(Richards, 1952; Ashton, 1976; Baillie, 1987), 2) no relation (Poore,1968; Wong & Whitmore,1970;
Austin et al.,1972). However, these comparative studies have been carried out in a huge scale where
significant differences in vegetation was included, so that the relationship between their soils and the
distribution of vegetation could not be clearly elucidated. Moreover, the distribution of individual tree
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Fig. 1. Location of the study
site of Lambir Hills,
Sarawak, Malaysia (cited
from Yamakura et al.
1995).

species and soils have been little focused.

As to the soil characteristics in the forest, soil chemical properties were always analyzed, but its
moisture characteristics and profile description have been little examined. It is well-known in Japan
that soil physical properties and soil structure are closely related to the floor vegetation. Thus, we tried
to find out the soil-vegetation relationship with respect to physical and morphological properties as
well as chemical properties.

Among the wide variety of tree species, D. aromatica and D. lanceolata (hereafter denoted as Da
and DI, respectively) were selected for our study. They are the most dominant and prominent species
seen in the Lambir Hills National Park in Sarawak, East Malaysia, and the segregation has already
been recognized through the species identification in the 52 ha permanent research plot (Itoh, 1995).
Although he examined on germination and seedling establishment of the said two species (Itoh, 1995),
the soil-vegetation relationship has not yet been done.

Furthermore, shifting cultivators there regard DI as an indicator plant for a productive crop field
(Yamakura & Ogino, personal communication), but its reason has not yet been elucidated clearly with
a view point of soil science.

In order to understand the reason why these two species show a segregate distribution and why
shifting cultivators utilize a land with DI stand, a pedological and a microbiological approaches were
conducted. In the present study, therefore, the study site is selected within a relatively narrow area
where one of these species is dominant as an emergent tree.

MATERIALS AND METHODS

Study Area and Soils

Lambir Hills National Park (4° 12'N, 114°00'E) is located some 24 Kilometers south of Miri town, in
Miri Division, Sarawak, Malaysia (Fig. 1). It covers an area of 6952 hectors which consists of the
central portion of the Lambir Hills with a maximum altitude of 465 m. Vegetation is mainly composed
of mixed Dipterocarp forests. Parent materials are sandstone and/or shale, derived from tertiary period
sedimentary rock. In Miri, mean annual temperature and precipitation is 27.2°C and 2927mm,
respectively (Watson, 1985). Human impact on the vegetation and soils has been avoided as much as
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Fig. 2. Location of sampling sites in Lambir Hills National Park.

possible, because this park has an outstanding regional and global conservation significance for its
extraordinary species-rich forest.

Four soil profiles each from D. aromatica (Dal-Da4) and D. lanceolata (DI1-DI4)(Fig. 2) were
described in texture, soil color, soil structure, consistency, mottles, cutan, gravels, roots, and soil
hardness. After morphological investigation of the profiles, soil samples were taken for soil physico-
chemical and microbiological analyses. Furthermore, additional three profiles (DI5-DI7) were
described to cover the wide variation of soils under D/, but not used for the further analysis.

Soil general physico-chemical properties were examined for soil samples collected from three
layers of each pedon at the depth of 0 to 10 cm, 10 to 30 cm, and 30 to 50 cm. Total chemical
composition and mineralogical properties were analyzed for pedological horizons.

Analytical Methods
Soil chemical and microbiological properties
Soil samples were air-dried and crushed to pass through a 2mm sieve. Analyses were performed using
the following methods.
1) pH was measured with a glass electrode using a soil to solution (H,0 or 1M KCl) ratio of 1:5.
2) Exchangeable cations and CEC:

(a) Exchangeable bases were extracted with 1M NH4OAc at pH 7.0 twice, using a soil to solution
ratio of 1:5 and then the amounts of Ca and Mg in the extract were determined by atomic
absorption spectrometry and Na and K by flame photometry (Shimadzu, AA-640-12).

(b) Exchangeable Al and H were extracted with 1M KCI at a soil to solution ratio of 1:5 and the
amount of Al was determined by ICP-AES (Seiko, SPS-1200), and the amount of exchangeable
H was calculated after the determination of exchangeable acidity with 0.02M NaOH.

(c) CEC: After replacement of exchangeable bases, washings with deionized water and ethanol and
replacement of NH,* with 10% NaCl were successively performed by centrifugation. NH4-N
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Table 1. Morphological properties of the soils developed near D. aromatica.

Soil Hori- Depth Soil color Tex-  Structure® Mottling Rootse/ Boundary4
zon (cm) (moisture?) ture stone
Dal O 9-0
A 0-2/7 75YR2/3 (dm) CL 2vfgr mvf/none cs
AB -15 8.75YR4/3 (dm) CL 1mgr,1msbk mc/none cs
BA -26 75YR5/6 (dm) CL 1msbk mc/none cs
Bw  -44/48 75YR5/8 (dm) LiC  lcsbk mc/none gs
Bt -80/83 75YR5/8 (dm) LiC  1-2vcabk ff/none aw

CB  -130+ 25-5YR5/8 (dm) HC
Da2 O 17-0

A 0-10 10YR5/6 (dm) SCL  1vfgr,2msbk mvf/none cw
BA -23/32 10YR6/8 (dm) SCL  1msbk mm/none cs
Bwl -65/70 75YR5/8 (dm) SCL  1vesbk cm-c/none ds
Bw2 -86/93 7.5YR5/8 (dm) CL lcsbk ff/none cs
Bt -100/110 7.5YR6/8(dm) LiC  lvcabk ff-m/none

Da3 O 5-0
Al 0-8 10YR4/4 (dm) SL 1vigr mm-c/none  ¢cs
AB -30 10YR5/6 (dm) SL 1m-cabk mm-c/none ¢S
BA -53 10YR5/8 (dm) SCL labk fvf-m/none  gs
Bw -116 10YR6/8 (dm) SCL  1lvcabk ff-m/none ds
BC -180+ 75YR6/8 (dm) SCL  1lvcabk fvf/none

Da4d O 5-0
A 0-5 75YR3/4 (dm) SL 1vigr mm/none cs
BA -31 10YR6/8 (dm) SL 1m-cabk mm-c/none  gs
Bw -69 8.75YR5/8 (dm) SL labk cm-c/none gs
BC -115/125 5YR6/8(dm) SCL  1lcabk ff-c/few

a) dm: dry moist.

b) Grade, 1: weak, 2: moderate, 3: strong. Size, f: fine, m: medium, c: coarse, vc: very coarse.
Type, gr: granular, cr: crumb, sbk: subangular blocky, abk: angular blocky.

c) gs: gradual smooth, cs: clear smooth, cw: clear wavy, ds: diffuse smooth.

d) Abundance, m: many, c: common, f: few. Size, vf: very fine, f: fine, m: medium, c:coarse.

was determined by the Kjeldahl distillation and titration method.

3) Particle size distribution was determined by pipette method.

4) Total Carbon and Nitrogen were determined by a dry combustion method using NC-analyzer
(Sumika Chem. Anal. Service, Sumigraph NC-80).

5) Ten major elemental oxides (SiO,, Al,Os, Fe,0,, MnO,, TiO,, CaO, MgO, K,0, Na,0 and P,0s)
were analyzed by the method of Ochi and Okashita (1987), using XRF (Shimadzu VF-320A). The
total contents of 10 elements in the form of oxide fell in the range of 98.5 to 102 %.

6) Available phosphorus was determined by the modified Bray No. 2 method.

7) Fungal counts in every soil horizon were examined by the plate count method.

Soil physical properties
For the determination of three phase distribution, hydraulic conductivity, and moisture characteristics,
soil samples were collected by 100cc core cylinders. The volume and weight of sum of water and
solid phase were measured by voluminometer (Daiki Rika Kogyo, DIK-1120) and balance,
respectively. Then, they were saturated with 0.05 M CaSOy4, and saturated hydraulic conductivity was
determined by the constant head method (Daiki Rika Kogyo, DIK-4000).

Subsequently, water holding capacity was measured for 0.98 kPa and 3.16 kPa by the sand column
method (Daiki Rika Kogyo, DIK-3520), for 9.8 to 1553 kPa by the pressure plate method (Daiki Rika
Kogyo, DIK-3420). After oven-drying for 24 hours, the weight of the solid phase was measured, and
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Table 2. Morphological properties of the soils developed near D. lanceolata.

Soil Hori- Depth Soil color Tex-  Structure® Mottling Rootse/ Boundary4
zon (cm) (moisture?) ture stone

DIl (@) 4-0
A 0-6 10YR2/3 (dm) LiC 2-3f-msbk mvf/none cs
BA -31 8.75YR4/3 (dm) LiC 1mgr,1msbk fc/none cs
Bt1 -60 7.5YR5/6 (dm) LiC 1msbk fc/none cs
Bt2g -77 75YR5/8 (dm) HC lcsbk reduced mottles fc/none gs
Bt3g -130  7.5YR5/8 (dm) HC 1-2vcabk reduced mottles fc/none aw

D2 O 4-0
A 0-5 10YR4/6 (dm) SL 1fsbk mm/none w
Bwl -35 10YR5/8(dm) SCL  2mcsbk cf/common cs
Bw2 -65 10YR5/8 (dm) SCL  1vcsbk ff/abun. ds
BClg -103 10YR5/8(dm) LiC 1csbk reduced mottles fvf/few cs
BC2g -135 10YR6/6(dm) LiC Tvesbk reduced mottles vf-f/few

DI3 O 4-0
Al 0-9/13 8.75YR3/4(dm) LS 2msbk cvf/few cw
Bwg -25/30 10YR5/6 (dm) LS 1msbk cf /none w
Bcg  -53/63 10YR6/4 (dm) SL 1vesbk cm/common  cs
G1 -75/93 2.5Y6/3(dm) SL massive  Gleyed horizon fc/few gw
G2 -135+ 25Y5/3(dm) SCL  massive Gleyed horizon none/none

DI4 (@) 4-0
A 04 10YR4/3(dm) SiCL 2msbk mm/none cs
Bw -35 10YR6/6 (dm) LiC 2csbk mvf-c/common  gs
Btl -60 10YR6/4 (dm) LiC 2cabk cf-m/few gs
Bt2 -102  10YR6/4 (dm) LiC 2vcabk cvf-m/few cs
Bceg -150  10YR6/3 (dm) LiC 1vcabk reduced mottles fvf-m/common

DI5 (o) 2-0
A 0-7/10 10YR5/4 (dm) LiC 2fsbk mv-c/ none cw
BA -25/30 10YR6/6 (dm) LiC 2m-csbk mvf-c/common cw
Bw -85 75YR6/8 (dm) HC 2vcabk cvf-c/few cw
Beg -115  10YR6/6 (dm) HC 1vcabk reduced mottles ff-c/abundant gs
Cbg  -160+ 10YR6/6(dm) HC massive  reduced mottles none/few

Dil6 (@) 3-
A 0-7 10YR5/4 (dm) HC 2fsbk mvf-c/none cs
BA  -30/33 7.5YR5/6(dm) HC  2fsbk cvf-c/none gs
Bt -78 75YR5/8 (dm) HC 2csbk cvf-c/none gs
Btg -110  7.5YR6/8 (dm) HC 2vcabk reduced mottles ff-c/none cs
BC -135  10YR7/4(dm) HC 2vcabk ff/many gir
Bcg -160+ 10YR7/6 (dm) HC 2vcabk reduced mottles ff-m/abundant

D17 (e 3-0
A 0-5/7 10YR5/3(dm) L 2mcr-2csbk mf-c/none cs
AB -10/13 10YR6/8(dm) L 2csbk cf-c/none cw
BA -27/33 8.75YR6/8 (dm) L 2c-vesbk cf-c/none gs
Bw  -52/60 7.5YR5/6(dm) L 1-2vcsbk cf-c/none 8s
BC  -65/95 7.5YR5/8(dm) SL 1vesbk ff-c/none gir
C -150+ 7.5YR6/8(dm) S single grain cf-c/none

then water phase was calculated by subtracting the weight of solid phase from the sum of the weight

a), b), ¢), d): see Table 1.

of solid and water phase.

N

Tensiometers were installed in the field at the soil depth of 10 cm and 30 cm with an automatic
data logger (Kohna system, KADEC-U2 with KDC-S5) to monitor water potential (matric suction) in
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RESULTS AND DISCUSSION

Soil morphological characteristics

The soils near Da (hereafter denoted as Da soils) were usually situated on a stable hill ridge, and their
parent materials were untransported and hence Da soils are considered sedentary soils. On the other
hand, the soils near DI (hereafter denoted as DI soils) were divided into two groups in view of
topography; some are located on a smaller hill ridge than the one where Da dominates, and/or stable
hill slope (DI1, DI4, DI5, DI6, and DI7) and the others are located in the lower slope near the valley
(DI2, DI3). The soils in the valley were found to be unstable from the standpoint of pedogenesis, and
transported materials can be supplied successively.

Based on the soil profile descriptions shown in Tables 1, and 2, the following characteristics were
found.

1) Organic layer was thicker in the Da soils than in the DI soils.

2) Reduced mottles and/or dull color in deeper horizons were found in the DI soils whether the
soil texture is either clayey or sandy, whereas no reduced mottles were found in the Da.

3) Soil depth of the soils under both vegetation types was deeper than 130cm.

4) Coarse fragments were often found in the profile of the DI soils, whereas they were not found
in the Da soils.

It is noteworthy that both vegetation types stand on a relatively well developed soil with a deep
solum in comparison with those in Japan, so that deeper soils may be necessary for supporting a big
biomass of the said vegetation. In other words, a big biomass can not stand on a less developed soil.
However, it needs more work to elucidate the relationship between soil development and
establishment of emergent trees with a big biomass.

Accumulation of a thicker organic layer in the Da soils than in the DI soils may result from a
slower decomposition rate of organic matter where a relatively drier soil condition was observed. This
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Table 3. Soil physical properties.

Soil Depth HC! Three phase distribution Total ~Macro? Micro® Particle size distribution
(em) (103 Air Water  Solid Porosity Pore  Pore Sand Silt  Clay
a/sec) (%) (%) (%) (%) (%) (%) (%) (%) (%)

Dal 0-10 667 306 339 355 645 268 377 57 24 19
10-30 368 209 344 447 553 181 372 55 24 21
30-50 029 164 320 516 484 161 323 52 23 25
Da2 0-10 195 505 223 272 728 455 273 62 16 22
10-30 387 431 233 336 664 422 242 60 19 22
3050 916 262 295 443 557 259 298 60 18 22

Da3 0-10 165 459 176 365 636 439 197 80 8 12
10-30 497 464 168 368 632 441 191 77 8 15
3050 869 338 209 453 547 318 229 74 8 18

Da4 0-10 470 464 165 371 629 455 174 78 10 12
10-30 901 346 204 450 550 340 210 76 10 14
30-50 269 361 153 486 514 298 216 77 9 14

D 0-10 511 316 303 381 619 297 322 38 33 29
10-30 089 168 330 502 498 127 371 33 33 34
30-50 242 142 365 493 507 95 412 27 31 42

D2 0-10 947 181 308 511 489 155 334 74 14 13
10-30 233 154 321 526 474 130 344 67 15 17
30-50 604 167 339 493 507 132 375 64 15 21

DI3 0-10 579 387 224 389 611 419 192 86 6
10-30 172 143 386 471 529 281 248 88 5
30-50 004 61 462 477 523 366 157 84 8

8

7

8
Di4 0-10 876 324 263 413 587 273 314 38 34 27
10-30 140 215 262 523 477 164 313 34 34 32
3050 473 159 303 538 462 114 348 28 34 39

1: Hydraulic conductivity; 2: >9.5 um in diameter, 3): <9.5 pum in diameter

finding is consistent with that of forest soils developed under cool temperate climate in Japan (Forest
soil research group, 1994). The difference in soil color (Fig. 3) suggested that DI should stand on the
soils with reduced mottles, and hence an aquic moisture regime (Soil survey staff, 1990) in the lower
horizons. The aquic moisture regime found in the lower horizons of the DI soils is brought by either
the water saturation of the capillary fringe when its clay content is higher, or the water saturation by
ground water when the clay content is lower. Thus, soil morphology indicate that DI prefer a relatively
wet condition to Da, or that Da can stand only on a relatively dry condition.

One exception is found in DI7 soil, because there is no reduced mottle throughout the profile
(Table 2). However, as compared with the Da soils in Table 1, the color of surface horizon of the DI7
is duller than the Da soils, indicating a relatively wet condition for some period. Besides the DI7 soil
is located on a small ridge near valley, so that the tree roots can extend to the valley with ease.

Hence, moisture characteristics can be a critical factor to differentiate the characteristics of the DI soils
from the Da soils. Furthermore, the presence of coarse fragments in the subsurface horizon of the DI soils
suggests an unstable pedogenetic condition. Thus, the DI soils are considered younger than the Da soils.

As discussed above, the differences between the Da and DI soils were considerably definite.
Because of the occurrence of wide range in soil morphology, the DI soils should better be classified
into the following two groups. One is a soil with matrix soil color of 10YR in the subsurface horizons,
while the other is a soil with matrix soil color of 7.5YR. The former is mostly located in or near the
valley, or on the small ridge with gentle slope and high clay content, whereas the latter is mostly
located on the hill ridge. Further investigation on the other species of Dipterocarpaceae will be helpful




28 H. HirAL, H. MATSUMURA, H. HIROTANI, K. SAKURAL, K. OGINO, H. S. LEE

-9.8
w=w= Da2, 10cm
meee Da 2, 30cm
--=-- DI 4, 10cm
-0.98
—— DI 4,30cm
&
] 0
Fig. 4. Changes in matric suction of
0.98 Da2 and DI4 with time.

Time

to make out these relationship in more detail.

Soil physical properties

Proportion of air phase and value of the macropore percentage were higher in the Da soils than in the
DI soils (Table 3). Proportion of water phase is lower in the Da soils than in the DI soils. For the Da
soils, sand content was higher than 50% and clay content was less than 26%, whereas for the DI soils,
the former ranged from 27 to 88% and the latter from 5 to 42%. In summary, physical properties
common in the Da soils are high sand content, high macropore percentage, and high air-phase
percentage and hence subjected to a low moisture condition. On the other hand, the properties
common in the DI soils were high water-phase percentage and low air-phase percentage in situ for the
layer from 30 to 50cm: Even if the texture and pore characteristics were different among pedons, a
relatively high moisture condition was prevalent for the Dl soils.

Generally speaking, micropore percentage depends on the clay content, whereas macropore
percentage depends on the sand content. Thus, the micropore is important for the retention of both
water and nutrients, whereas the macropore is important to the drainage. Judging from the data in
Table 3, it can be predicted that the Da soils show a better drainage condition, but lower nutrient
status and water holding capacity than the DI soils.

Soil moisture condition

Since we found out the difference in soil moisture condition between the Da and DI soils by the
morphological observation and some of physical properties, we monitored the soil moisture using
tensiometers with automatic data logger for nine days in September 1993. The locations of the
tensiometers installed were around DI4 and Da2. Based on the results shown in Fig. 4, the soil matric
suction near Da is easy to fluctuate, whereas that near DI is relatively stable even after the frequent
rainfall. Moreover, the matric suction is much lower in the Da?2 soil than the DI4 soil, indicative of
lower content of free water in the Da2 soil than the DI4 soil. These facts support the evidence from soil
morphological properties, although we need to conduct detailed investigation throughout a year or more.

Soil chemical properties and total chemical composition
The amounts of exchangeable cations and available phosphorus (Table 4) are considered as an active
nutrient flow in the forest. The content of Ca, Mg, and K, and phosphorus were higher in the DI soils
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Table 4. Soil chemical properties.

Soil Depth pH EC Exchangeable cations CEC Total Total Available
(cm) H,0 KCl Ca Mg K Na Al H C N P,Os
L IR —— - (cmol(+) kg1) ----mmmmeeme- (%) (%) (gkg™M

Dal 0-10 442 354 539 032 034 009 004 587 253 814 273 0.5 0.008
10-30 469 374 322 025 037 005 002 339 147 863 064 0.06 0.005
30-50 48 373 290 023 035 0.05 0.02 438 063 753 030 0.04 0.004

Da2 0-10 418 339 560 0.04 009 002 014 6.69 3.14 1575 478 021 0.018
10-30 456 364 260 0.03 003 002 007 404 203 946 1.0 0.06 0.007
30-50 472 373 230 0.02 003 002 006 2.8 118 765 052 0.04 0.005

Da3 0-10 447 365 335 004 008 002 012 312 170 7.88 1.62 0.08 0.011
10-30 487 400 162 000 003 001 005 1.85 0.8 514 084 005 0.006
30-50 514 409 116 000 001 001 003 171 063 476 034 0.03 0.006

Da4 0-10 466 378 333 006 006 001 011 241 122 658 126 007 0014
10-30 474 39 282 001 003 001 006 1.64 1.4 480 057 0.04 0.007
30-50 481 400 220 000 0.01 001 004 149 083 397 024 0.02 0.004

Dn 0-10 439 338 61.0 1.07 159 024 004 425 212 1258 236 0.17 0.012
10-30 444 351 301 028 1.02 012 0.03 554 1.83 1021 0.82 0.09 0.004
30-50 467 361 243 027 122 009 0.03 58 166 11.37 056 0.08 0.006

D2 0-10 477 374 291 039 076 008 002 192 1.03 495 1.01 010 0.040
10-30 493 375 238 034 047 005 005 250 1.19 518 061 0.07 0.004
30-50 463 377 192 030 044 005 003 260 1.08 498 038 005 0.002

Di3 0-10 500 393 623 050 049 0.09 008 1.26 0.84 560 141 0.11 0.019
10-30 522 393 263 025 051 016 004 091 050 236 044 0.05 0.008
30-50 531 3.89 21.8 026 035 0.03 001 099 067 227 025 0.03 0.008

Di4 0-10 519 376 443 126 046 023 005 1.13 067 1313 174 018 0.027
10-30 536 380 339 047 197 013 005 252 1.09 965 0.84 0.11 0.008
30-50 549 378 271 028 18 0.12 007 372 1.11 11.33 037 0.07 0.004

Oven dried basis

than in the Da soils. Moreover, base saturation was much higher in the DI soils than in the Da soils,
although it was less than 50% for both soils. The values of pH (H,O) and exchangeable H of surface
horizon (0-10cm) ranged from 4.18 to 4.66 and 1.22 to 3.14 for the Da soils, respectively, whereas
4.39 to 5.19 and 0.67 to 2.12, respectively for the DI soils. The amount of exchangeable Al is
generally higher in the Da soils, and that is higher in the surface horizons for the Da soils and in the
subsurface horizons for the DI soils. On the other hand, the amounts of exchangeable Ca and Mg were
much lower in the Da soils than the DI soils. These data reflected the difference in the topography as
will be shown in the following paper (Sakurai et al., in prep.) and related moisture condition. The Da
soils on the stable ridge underwent a strong leaching of the basic nutrients and became more acidic
soil condition. Furthermore, because of water deficiency for some period of a year, the root mat
develops on the surface layer resulting in a high total carbon content, which promotes acidity as
reported in forest soils in Japan (Forest Soil Research Group, 1993). On the other hand, the DI soils on
the slope would be supplied with nutrients accompanied with water and soil particles from the
surroundings, because of lower slope, and moist moisture condition would be suitable for the rapid
mineralization of basic cations to the surface horizon. Further analysis in view of clay mineralogy and
charge characteristics may be helpful to interpret the soil-plant relationship.

The total chemical composition (Table 5) was analyzed for the pedogenetic horizons as a measure
of nutrient stock. Total chemical composition changed with clay content, as indicated by the report of
Ohta et al. (1993). The values of CaO and Na,O were quite low, indicating that both DI and Da soils
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Table 5. Total chemical composition and particle size distribution.

Soil Hori-Depth ----=---------— Total chemical composition' Particle size distribution?
zon 5102 Ale3 F9203 T102 MnOz CaO Kzo MgO NaZO P205 Total Sand Silt Clay
(cm) (Jo) ====m=mmmmmmmmmmmmmmmmmmmmm e S (%) ——---

DalA 0-2/7 91.06 601 268 083 <0.01 <0.01 041 021 002 0.04101.26 56 25 20
AB -15 89.32 7.16 333 0.86 <0.01 <0.01 047 023 002 00210141 53 27 21
BA 26 8820 751 347 0.85 <0.01 <0.01 048 025 002 0.02100.80 54 24 23
Bw 44/48 84.02 9.07 420 095 <0.01 <0.01 063 029 0.06 002 9924 49 21 30
Bt -80/83 79.54 11.69 6.19 096 <0.01 <0.01 098 039 0.01 002 99.78 45 18 37
CB 130+ 6651 16.74 11.76 093 001 <0.01 1.8 062 007 003 9852 39 15 46

Da3 A 0-8 94.88 350 089 048 <0.01 <0.01 008 007 001 0.02 99.93 8 8 13
AB  -30 9390 424 125 045 <0.01 <0.01 0.11 0.10 <0.01 0.02100.07 79 9 16
BA 53 9237 515 153 044 <0.01 <0.01 0.14 0.10 <0.01 001 99.74 75 7 17
Bwl 85 91.14 574 168 045 <0.01 <0.01 021 0.4 <0.01 0.02 9938 76 7 17
Bw2 116 9091 6.11 1.86 041 <0.01 <0.01 024 0.14 003 0.02 9972 75 8 19
BC -180 90.84 6.14 1.93 045 <0.01 <0.01 031 0.5 002 001 99.8 73 10 12

D3 A 0-9/13 9489 320 093 039 001 <0.01 034 014 000 002 9992 86 8 6
Bwg25/30 96.75 263 0.80 0.27 <0.01 <0.01 023 0.09 000 00210079 8 7 5
BCg53/63 9435 353 1.16 0.28 <0.01 <0.01 023 012 001 001 9969 8 8 8
Cgl75/93 9453 3.88 1.03 0.36 <0.01 <0.01 024 010 0.01 00110016 81 10 10
Cg2 135+ 8820 694 252 048 <0.01 <0.01 0.84 032 0.08 0.02 9940 67 15 18

Di4 A 04 8365 1016 351 088 007 010 155 071 028 0.07100.98 38 34 27
Bw  -35 7849 1260 4.63 0.87 003 <0.01 193 0.8 023 005 99.69 35 34 31
Bt 60 7434 1544 521 085 003 <0.01 239 1.15 033 0.04 9978 33 31 36
Btg 102 71.65 16.69 5.13 0.90 0.02 <0.01 272 136 035 0.04 988 30 33 37
BCg 150 69.98 18.00 5.9 0.93 0.02 <0.01 285 144 038 0.04 9960 19 38 43

1) Ignition loss basis, 2) Oven dried basis

are strongly leached out, unlike MgO and K,O. This finding is consistent with that of Ohta et al.
(1993). 1t is difficult to differentiate the Da soils from the DI soils from these data, but if soils with the
same clay content were compared, the DI soils show much higher content of MgO, K,0, Na,0, and
P,Os than the Da soils. More significant weathering for the Da soils than the DI soils and nutrient
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Fig. 6. Characteristics of the soils developed near Da and DL

addition from the surroundings for the DI soils are thus confirmed by this analysis as well.

Thus, the Da soils are highly leached because of their geomorphologically stable condition, that
is, prolonged leaching time under heavy rainfall, and acidification due to the release of proton from
thick organic layer accumulated under drier moisture condition. On the other hand, the DI soils were
considered relatively young soils rich in basic cations. That is because both organic matter and soil
particles associated with enough water and nutrients may be always transported in the profile, and
basic cations may be mineralized rapidly under suitable moisture condition.

It was well-known that shifting cultivators utilize a land where DI dominates as a productive crop
field. Their traditional way of land selection proves to be rationale from the standpoint of soil science.

Microbial evidence

Fig. 5 shows the fungal counts at the different depth of Da2 and DI3 soils. Fungal counts in
subsurface layers were within a range normally seen in the temperate regions. Smaller figure was
obtained from samples taken from deeper horizons in both soils. Such decrease is a common
observation and generally considered as a result of decrease in available nutrients.

Between these profiles, ten times as much fungal counts were recorded in Da soils compared with
DI. This seems not to agree with our data on chemical analysis that more available nutrients are found
in the DI soils, provided that fungal level reflected a nutrient status of the soil. When physical
properties were taken into account, the Da soils are higher in macropore percentage than the DI soils.
The higher macropore percentage, i.e., the higher air percentage, may have contributed to yield the
higher fungal counts within the Da soils, although the difference may be attributed to greater sporation
ratio due to dryness. In other words, fungi may not favor a more reductive condition in the DI soils.

CONCLUSIONS AND FUTURE SCOPE

Characteristics of the Da soils examined are relatively uniform (Fig. 6) and summarized as follows. 1)
Soil color in deeper horizon is 7.5YR5/8 or 7.5YR6/8 or redder, 2) sand content of surface 50 cm is
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higher than 50 %, 3) no coarse fragment is found, suggesting stable pedogenetic processes, 4) coarse
pore (>9.5 um) and air phase percentage are high, leading to drier moisture condition, and 5) acidity
increases towards the surface horizon, probably due to organic acid released from thick organic layer,
resulting in the higher exchangeable Al content.

On the other hand, the DI soils, in general, are characterized by 1) dull color in deeper horizons,
reflecting high moisture content, 2) high exchangeable Ca and/or Mg in the surface horizon and hence
relatively weak acidity and low exchangeable Al content, and 3) younger in pedogenetic processes.
The reason why shifting cultivators identify the land where D/ dominates as a productive crop field is
obvious from these soil characteristics.

Since their morphological and physico-chemical properties are ranging widely in the DI soils, it is
adequate to differentiate them into two groups; One is located on a small ridge with high clay content,
and the other is located in a valley whether the texture is clayey or sandy (Fig. 6). More detailed
investigation is necessary along with tree species around D!/ and slope analysis including the
geological stratification.

Further investigation is promising in relation to the dynamics of water and nutrients associated
with the vegetation type. To accomplish it, soil micro-environment such as rainfall, soil moisture, soil
temperature, lateral and vertical movement of water and composition of the soil solution are needed to
be monitored. In addition, physical and chemical reactions occurred at the rhizosphere, charge
properties and mineralogy, and production of organic materials by a given plant are to be clarified.

Finally, it is commonly believed that in tropics termites play an important role in circulation of
nutrients. However, this does not mean that microorganisms are less important at the final stage of
litter decay. We consider that studies on soil microorganisms should be progressed in tropical rain
forests and feel that analysis on microflora must be promoted to study the nutrient cycle prevailing in
the rain forests.
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FEHEA, 0 5h, LE1ESE, #HRE, kEFEZ, LEE HuaSeng BHERRICBITET74
INHFE Dryobalanops aromatica & D. lanceolata FICHZET S HBOEME—<
V=7, Y5990, SYEIEBINXEILLARICEITHER

Dryobalanops aromatica (Da) & D. lanceolata (DI) 378)L % A EBHRAKICB N TRERBEZERL TWDE
Bz T INAFBOETH 5, TOMMILEL TNEA, RUTERDED Z&IFR0N. RHXTIE,
ING 2RO %, BN, WEER, (L0, BEMFRIREN SKBIRLUT.

HANZ AR, Da \3RHE EE O L TWA, DI dRHE O B LTI L Tz,
O 2EEDOERT 2 HEORIIINTNS 13m LUETHo/z, 1MidDe TETIIWE TH 72748, DI
TETIIWEN SE EZORBENLN STz, IHIT, ROKDAERNHHEISGZRD SN, D) Uy—
[@i3Da HETEN>T=, 2) KFREO LG DI HEOLS W EHRZRL TWz, 3) DI BICiZ L F28
RDENFDITH LT, Do HETERD SNz, 4) MG 4 055, Ca LU Mg &I
DI+ 505N o7z, 5) Hutt Al & HERIIDae HETHEM -7z, 6) &, HILME S EidDat
BOENEMN Tz, TDI T, BREDaEIIXL O L 28K &M% ZE&2RTH, Thud
AP RT > v NDEZY =X > TSN, 7) AHEEIDa HEOHMND 1L 0 H 1055 <58
HHNT,

UEOWERERETZEDa TR LS <, A%RETRIEOE, TFE L LTIEAREEZR - HBITR
NT B, —F, Didd s E% 5 L5 REHEHT T, MnDDa 138k U TEMIRENEK <,
FRMEASS<, TIBAERBROINEBICRITI T3 Z ENHEM /o 2. BHOFEERERIID! 3R T 5
THiEPHE UTRIAT 2%, 20D HEORHEEEE T2 E, BROGHISIHERNAEZZ DD T
EY)ThH 2 Z ENHEEE RN S HE M ETR o Tz,





