
INTRODUCTION
Plant growth depends very much on the soil for water and nutrients (Foth and 

of the important components in the soil that serve the plant and microorganism. 
Also, soil moisture is an important component in the water cycle.  Plants depend 
at any time more on soil moisture available at root level than on precipitation 
occurrence. Knowledge of soil moisture content is important for management 
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ABSTRACT

Forest Reserve, Negeri Sembilan, Malaysia to assess the variations of moisture 
content for different soil types and depths and the association between soil moisture 

average monthly soil moisture measurement for a two-year  period varied between 

soils showed highest soil moisture at all soil depths. Soil moisture increased with 

from moisture at other depths.  Though soil moisture increased with soil depth, 

Euphorbiaceae, 
Lecythidaceae, Myrtaceae and Sapidaceae were abundant at wet alluvial soil. 
At DA, the abundant species were Annonaceae, Myrsinaceae, and Clusiaceae, 
while Burseraceae, Alanggiaceae, Anisophylleaceae, Fabaceae, Ulmaceae and 
Sterculiaceae were abundant at RD.  This indicates that species abundance at the 
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information will be useful to determine species suitability for rehabilitation and 
enrichment planting programmes. 

et al.
the spatial distribution patterns in tropical species is associated with topography 

et al
Davies et al.
6-ha plots in the Seraya-Ridge Forest of Peninsular Malaysia (Niiyama et al. 

et al.
community types which are associated with the topography of the sites. Nur 

chosen for its relative uniformity of relief and other physical conditions, many 
species vary in distribution across the gentle slope, plateau, and swamp habitats 

that many of the topographic associations on BCI are not simply the artifact of 
spatial autocorrelation in recruitment patterns (Harms et al.
vegetation mapping at other large CTFS plots encompassing greater variation in 

study of Hirai et al
Plotkin et al.

Malaysia in collaboration with Smithsonian Tropical Forest Research Institute and 

and population structure of trees have been described (Manokaran and LaFrankie 
et al. et al et al.

some analyses on population dynamics have also been attempted (Abd. Rahman 
et al.

and population dynamics of trees from the repeated census data with the assistance 

Studies by Condit et al
in the population size of slope-specialist tree species is associated with two severe 

and temporal variation in water availability is likely to be important for driving 
plant population dynamics and shaping species distributions across habitats, but 

Many studies have been conducted on soil moisture in tropical forests. 
At Pasoh, topographic associations have been attributed to differences in soil-
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moisture gradient between slopes of wet and dry area habitats (Noguchi et al. 

et al.
water potentials are maintained at higher levels on the BCI plot slopes compared 
to the principal plateau, while Daws et al. 
shorter duration of drought period during the dry season.  Variation in soil-moisture 
availability across topographic gradients in tropical forests might also maintain a 

(Noguchi et al.
It is timely that further in-depth research is carried out to determine the 

interest of this assessment was to look at the temporal pattern of the soil moisture 

species preferences at the site. 

Site Description
The study was conducted at Pasoh Forest Reserve, a typical lowland rain forest in 

o o

Simpang Pertang in Negeri Sembilan (Fig.1

the data collected from Pasoh climate station, the highest monthly precipitation 

Fig. 2

Fig. 1: Location of the study area
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et al. 

dipterocarp forest which consist of various species of Shorea and Dipterocarpus, 

human disturbance.  

MATERIALS AND METHODS
Sampling Location 

ha plot (Fig. 3

in Table 1.

representative results. The forest is characterised by the large trees of dipterocarps 
such as Dipterocarpus spp., Shorea spp. and Neobalanocarpus heimii, and non-
dipterocarps such as Dyera costulata, Triomma  malaccensis, Canarium apertum, 
and Koompassia malaccensis
Lecythidaceae, Myrtaceae, Celastraceae and Sapindaceae family. Glyptopetalum 
quadrangulare

Fig. 2:  Average monthly rainfalls at Pasoh F.R for years 2006 and 2007 
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Annonaceae, Myrsinaceae, Clusiaceae and Dipterocarpaceae are the abundant 
tree family within the DA habitat, while Shorea maxwelliana is the most dominant 
species in the area. In the shale area, seven tree families found in abundance 
are Euphorbiaceae, Burseraceae, Annonaceae, Anisophylleaceae, Fabaceae, 
Ulmaceae and Sterculiaceae. The most abundant species associated with this area 
is Anisophyllea corneri from the family of Anisophylleaceae.  Alangiaceae is the 
only tree family found within the lateritic area. 

Soil Moisture and Lowland Dipterocarp Distribution
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Fig. 3:  Major soil drainage conditions in Pasoh 50 ha Plot

TABLE 1
TABLE 1 

Profile characteristic of sites in Pasoh 50 ha plot, Pasoh Forest Reserve 

Site Soil Characteristics 
Wet Alluvial 
(Floodplain) 

- Thin muck, over mottled pale brown wet layered, over moist 
brownish less mottled; sandy clay subsoil (Awang series) and 
sandy clay loam subsoil (Alma series). Drainage class: 3-4 
(Imperfect poor) 

- Thick muck over mottled grey wet layered loam, over moist 
brownish mottled;  Kampung Pusu series, fine & medium sand. 
Drainage class 1-2 (poorly drained) 

Dry Alluvial 
(Low terrace) 

- Thin dark brown topsoil over unmottled yellowish/brownish 
loam to 1 m+, mottled below.  Sand predominantly medium or 
fine (Tebuk series); sand predominantly coarse (Tawar series); 
Drainage class 5-6 (Moderately drained). 

Ridge 
(Crest and slopes) 

- Thin dark brown fine loam topsoil over strong brown fine loam 
or clay subsoil. Massive laterite or dense gravel within 50 cm 
(Gajah Mati Series); Many laterite gravel at 50-100 cm (Terap 
Series); Few laterite gravel below 100 cm (Bungor series). 
Drainage class 7-8 (Well drained) 

 Adzmi et al. (2010) 
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Soil Moisture Measurement

are independent of soil conductivity. The sensor was inserted into the polypro 
access tubes to take soil moisture readings. This tube was constructed of specially 

into the calibration and moisture reading functions of the probe. Substituting 
other tubes such as PVC pipe will result in inaccurate and erroneous readings.  
Noguchi et al.

to determine the association of plant community with the environmental factors 

monthly at three different plots for two years.

Data Analysis

soil depths, and soil moisture and its interaction and differences between soil 

at differing soil depths and soil types using S-Plus version 6.1. Post-hoc multi 

mean differences between the factors. 

RESULTS 

Soil Moisture across the Sites
Fig. 4

means comparison between RD and DA shows that DA was much drier compared 

75 cm. Therefore, soil depth and soil types could be among the factors to account 
Fig. 5

in soil moisture observed at different soil depths with all the soil types combined. 
It shows an obvious difference in moisture among soil depths. Moisture at 15 cm 

the moisture of different soil types (Fig. 6
variation as compared to DA and RD, but DA seem to have small changes in 
moisture. Fig.7



were similar in January, February, March and April showing a decrease at 15 cm 

Soil Moisture and Lowland Dipterocarp Distribution

Fig. 4:  Diagnostic plot showing mean of soil moisture among soil type (STYPE) and soil 
depth   (DEPTH)

Fig. 5:   Boxplot of soil moisture measured at different soil depths with all 
sites combined
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depths and increasing at the deeper layers. The DA was well drained and the water 

showed a relative increase towards deeper layers. 

Fig. 6: Boxplot of soil moisture measured for different soil types with all soil depths 
combined

Fig. 7: Mean monthly soil moisture at dry alluvial area
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Figure 8 shows the combined mean monthly moisture content at the ridge 

Fig. 8: Mean monthly soil moisture at ridge area

Fig. 9: Mean monthly soil moisture at wet alluvial area
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at this depth improved and was able to hold more water compared to the gravel 

soil because of the drainage situation at higher elevations where water from the 

was driest at the upper surface due to the evaporation process and wettest at the 
deepest soil due to percolation.

rainfall events and poor drainage where water retention time was longer in the 

layers compared to the deepest soil which was probably due to evaporation at the 

the increase in the water holding capacity at the deepest layer.
The regression analysis output between rainfall and soil moisture shows that 

Comparison of Soil Moisture between Different Soil Types and Depths 

by RD and DA. Both data sets have similar soil moisture distribution where the 
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and RD have a strong soil moisture association with soil depth.  This is shown by 

the RD. DA showed a weak association between soil moisture and soil depth. 

the variation in moisture content. There could be other environmental factors 
that contribute to the variations in moisture content such as rooting system, 
soil properties and climatic and hydrological conditions like evaporation and 
transpiration. 

soil. This interaction was similar to the DA where the surface moisture tends to 

soil was slightly different where moisture took a longer period to increase at the 

Difference in moisture content between plots and depth

TABLE 3  
Correlation between depth and soil moisture for 2006 and 2007  

              2006          2007  
Wet Alluvial area  0.8884  0.9068  
Ridge area  0.7212  0.8832  
Dry Alluvial area  0.0210  0.4437  

 
TABLE 2  

Difference in moisture content between plots and depth 

 Difference between (%)  

Soil  
Depth  

Wet Alluvial  
 and Ridge area  

Wet Alluvial 
and Dry 

Alluvial area  
Ridge and Dry 
Alluvial area  

(cm)     
15  13.86  6.45  -7.41  
30  -0.94  8.89  9.84  
45  8.12  23.84  15.72  
60  25.77  36.01  10.24  
75  14.42  27.03  12. 61  
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show differences between soil depths.  However, a comparison of moisture at 45 
cm and 15 cm depths showed small differences. Generally, 75 cm has the largest 
difference for all monitored soil depths with the highest being between the 75cm 

Table 7 shows the species distribution based on soil types in Pasoh 
Euphorbiaceae, Lecythidaceae, Myrtaceae and 

Sapidaceae are abundant at wet alluvial soil. At DA the abundanct species are 
Annonaceae, Myrsinaceae, and Clusiaceae, while Burseraceae, Alanggiaceae, 
Anisophylleaceae, Fabaceae, Ulmaceae and Sterculiaceae are abundant at RD.  

DISCUSSION

characteristics of the undisturbed forest where less surface evaporation occurred 

TABLE 5

and their interaction

TABLE 4(a) 
Means and standard deviation for soil moisture at different soil types and depth in 2006 

Wet Alluvial area Ridge area Dry Alluvial area Depth 
Means SD Means SD Means SD 

15 54.40 10.54 41.53 4.68 48.13 5.79 
30 43.84 21.89 49.64 6.21 35.60 9.61 
45 61.14 23.55 52.47 3.82 32.84 14.19 
60 76.13 14.13 44.16 9.15 28.47 22.39 
75 82.98 4.74 66.70 5.10 52.38 10.42  

TABLE 4(b) 
Means and standard deviation for soil moisture at different soil types and depth in 2007 

 
Wet Alluvial area Ridge area Dry Alluvial area Depth 
Means SD Means SD Means SD 

15 65.90 16.79 51.05 13.36 59.27 12.51 
30 60.78 21.41 56.87 12.46 51.24 10.73 
45 69.78 23.03 62.22 14.29 50.41 10.61 
60 79.00 20.25 59.42 13.39 54.64 10.48 
75 90.77 15.88 78.21 15.29 67.31 12.63 

TABLE 5 
Analysis of variance of soil moisture between soil type (STYPE), soil depth (DEPTH) and their interaction 

 df SS MS F value 
STYPE 2 16006 8003 33.4981*** 
DEPTH 4 16961 4240 17.7386*** 
STYPE DEPTH   8 6559 820 3.4299*** 
‘***’  F < 0.001 
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in the ridge soils, the study found that RD is more moist compared to DA. Adzmi 
et al.

makes this horizon slowly permeable (Adzmi et al.
soil which mostly contains clay or silt often has poor water penetration because 
of the soil aggregation. Clay particles in the soil may swell as they become wet 
and thereby reduce the size of the pores.  Poorly drained soil has an effect on 

Glyptopetalum quadrangulare are in abundance at the wet alluvial area where the 
moisture tends to be the highest. Belonging to the Celastraceous family, it is a type 

water and inorganic solutes upward toward the leaves from the roots, while the 
phloem carries organic solutes throughout the plant. Therefore, this plant tends 
to concentrate within the high moisture area because of self- adaption to the 
site characteristics. Usually, rooting depth in plants is decreased due to the poor 
drainage. That is why most dipterocarp species prefer a well-drained soil. 

The RD and DA are better drained with the soils being generally low 

TABLE 6
Multi-comparison test on soil moisture between soil depths using Studentized range 

TABLE 6 
Multi-comparison test on soil moisture be

Tukey's ‘Honest Significant Difference’ method 

Soil depth        diff  
comparison  (%)  

15 and 30 cm   3.6360  
30 and 45 cm    5.1402  
30 and 60 cm     7.4346  
30 and 75 cm  23.3192  
15 and 45 cm 1.5042  
15 and 60 cm 3.7987  
15 and 75 cm 19.6833  
45 and 60 cm 2.2944  
45and 75 cm 18.1790  
60 and 75 cm  15.8846  
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the DA plot shows that moisture on the surface has a similar pattern with the 
moisture at the deeper soil layers. According to Adzmi et al.
has a thin, friable, crumb structured topsoil which tends to be less dark than those 

with few or no mottles in the upper meter.  Grey and rust-colored mottles increase 

often pale brown or pale yellow.  The coloration indicates imperfect drainage, 
Shorea maxwelliana is the Dipterocarpaceae family 

found to be abundant at this dry alluvial area. This species prefers the terrestrial 
ecosystem and is categorized under the IUCN red list as threatened species.

The difference in spatial distribution of soil moisture at Pasoh Forest could 
be affected by the slope of the ground surface, the vegetative canopy cover, water 
retention properties of the soil and rooting system. The difference in canopy 
openness has an effect on the amount of through fall and evaporation. Therefore, 
canopy openness is an important factor to be considered in soil moisture study 

spacings as stated in Marryanna et al.
decrease at a wider tree spacing. The results from Noguchi et al.
that the soil moisture at the valley and riverine areas and the lower part of the 

generalist with respect to soil conditions.
Pasoh is well suited to further investigation of responses and adaptations of 

tropical forests to variations in soil drainage and aeration, and also of soil mediation 
of moisture supply in a seasonal but marginal climate (Adzmi et al.
on soil moisture are important for a understanding of the hydrological cycle and 
also for ecological purposes. Therefore, more related studies should be undertaken 
to have a better understanding of the hydrological cycle and its connectivity to 
ecological parameters such as interception of trees, water uptake by different 
species with regard to their locality etc. As an overall observation, we found 

study for a better understanding of the moisture variation in Pasoh. Noguchi et 
al.

spatial distribution of soil moisture will contribute to the understanding of the 
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their AGR on alluvial soil and 4 species had their highest AGR growth on ridge 

species may have their own water relation characteristics. Based on soil moisture 
data, ecologists may make preliminary assumptions on the species distribution 
throughout the plot. Moisture availability in soil indicates the distribution of 
nutrient availability in soil which, in turn, is associated with the species or habitat 

dipterocarp forest, tree species distribution in the Andulau Forest Reserve, Brunei 
was associated with a topographic gradient that was correlated with variation in 
soil nutrient availability (Austin et al.

in promoting the relative importance of nutrient availability across the plot. It is 

between nutrient and soil water availability at Pasoh.

CONCLUSION

Shorea maxwelliana is the Dipterocarpaceae 
family found to be abundant at the dry alluvial area. This species prefers to live 
at the terrestrial ecosystem. The association of trees and sites condition could be 
one of the indicators that shall be considered in site-matching for future forest 

chemical properties could also lead to trees and habitat association. Therefore, 
more detailed studies are suggested to understand the factors underlying species 

plot. 
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