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Abstract: A total of twenty three sites distributed in different land uses of Kota Bharu, Kelantan was
identified for the study. The relation of soil organic matter (SOM) content, total organic carbon (TOC)
content, water content and soils texture for industrial area at Pengkalan Chepa, southwest (SW) of
Kota Bharu district as a township and agricultural area at Banggu were investigated. These data sets
were also correlated to temporal event in Kota Bharu district. Correlation analysis indicated that,
generally, SOM and TOC concentration and water content had a positive correlation with clay and
silt but negative correlation with sand. The relationships between SOM content, TOC content and clay
+ silt content, were also studied. The results showed that, SOM concentration was lower (P < 0.05)
at Pengkalan Chepa area (3.41%) compared to SW Kota Bharu (5.14%) and Banggu (4.94%). At the
same time, the TOC level also showed that Pengkalan Chepa area recorded the lowest concentration
(0.90%) followed by SW Kota Bharu (1.02%) and Banggu (1.43%). The same trend was discovered
for clay + silt content where the lowest concentration was recorded in Pengkalan Chepa (8.44%) and
it was followed by SW Kota Bharu (34.25%) and Banggu (51.77%). The SOM was positively
correlated with the TOC and clay + silt in all the study areas.  The percentage of TOC in the soil
samples from the study area ranged from 0.48wt% to 2.58wt%, with a mean of 1.40wt%, and the
percentage of SOM, from 1.52wt% to 11.85wt% with a mean of 5.45wt%. The low TOC and SOM
content in the soil was believed to be due to the low vegetation cover which led to the soil clay
fraction mineralogy.
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INTRODUCTION

Soil texture was defined as the relative proportions of sand, silt, and clay separates that made up the soil
texture classes described in the soil triangle. Texture is an intrinsic property of soil that is not changed by
management practices because soil texture relates to the sizes of the individual particles and the relative
proportions of the particle size fractions. It was a major determinant of the surface area that can react with
the liquid and gaseous phases. Therefore, soil texture affects the nature and extent of physical, chemical, and
biological reactions associated with surfaces. Texture also affects the pore volume and pore-size distribution
because pores between small particles are smaller than pores between large particles. The pore-size distribution
affects water retention and movement, soil consistence, water availability, aeration, shrink-swell, permeability
and many other soil properties (ACCA, 2008). 

Water content is expressed as the mass of water per unit mass of soil. The volumetric method, which is
considered a more useful method, involves taking a known volume of soil, weighing it, drying it, and weighing
it again. In this case, water content is expressed as the volume of water per unit volume of soil. Most sandy
soils will take 12 to 24 hours, and clay soils require 48 hours or more before drainage becomes negligible.
The amount of water retained by the soil depends on the number and size of pores. Porosity is governed by
texture, structure, organic matter, and mineralogy of the soil (ACCA, 2008).

Soil is the largest pool of terrestrial organic carbon in the biosphere, storing more Carbon than is contained
in plants and the atmosphere combined (Schlesinger, 1997). The abundance of organic Carbon in the soil
affects band is affected by plant production, and it’s role as a key control of soil fertility and agricultural
production has been recognized for more than a century (Tiessen, et al. 1994; Jobba’gy et al., 2000). 
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Soil organic Carbon storage is controlled by the balance of Carbon inputs from plant production and
outputs through decomposition (Jenny, 1941; Schlesinger, 1977). In humid climates, both production and
decomposition increase with temperature, but relative increases in decomposition are greater (Nakane, 1975;
Schlesinger, 1977; Oades, 1988). In addition to climate, soil texture plays an important role, with increasing
clay content decreasing Carbon outputs through its stabilizing effect on SOC (Paul, 1984). As expected from
these controls, regional patterns of SOC are positively associated with mean annual precipitation and clay
content, and are negatively correlated with mean annual temperature in a diverse array of soils and vegetation
types, including those in Australia (Oades, 1988), grasslands in North America (Burke et al., 1989), and
grasslands and shrub lands in South America (Paruelo et al., 1997; Alvarez and Lavado,1998). 

The importance of soil texture distribution to soil organic matter (SOM) and nutrient dynamics has long
been recognized (Jenny, 1941). Numerous studies have documented correlations of mineral particle size
distribution and mineralogy with SOM storage (Burke et al., 1989; Schimel et al., 1994; Bird et al., 2000),
and correlation with Total Organic Carbon (TOC) (Bechtold et al., 2006). Soil organic matter (SOM) plays
an important role in determining the fertility and productivity of soils. This may be especially true in tropical
areas where nutrient poor, highly weathered soils are often managed with few external inputs. Moreover, from
a global change perspective, land use management influences the ability of soils to serve as both a source and
a sink of SOM and nutrients. Thus, there is a need to understand more clearly the factors which control the
SOM dynamics in the tropics and to determine how these factors are influenced by land use management
practices (Feller, et al., 1997). In the broadest sense, SOM dynamics are driven by climate, soil type and land
use management. These factors interact to determine the physical, chemical and biological controls on SOM
(Feller, et al., 1997). 

The specific objectives of this study are to (1) examine the association of TOC, SOM and water content
with soil texture at different land uses, and (2) evaluate the effect of different temporal to those environmental
parameters.

MATERIALS AND METHODS

The study area was based on land-uses in Kota Bharu district such as industrial, town and agricultural.
The sites were situated in a well developed industrial park in Pengkalan Chepa, southwest of  the township
area of Kota Bharu and the agricultural area at Banggu (Figure 1). A total of twenty three sites were selected
with fairly flat area with slope less than 10%. The longitudes and latitudes of sampling stations were measured
by using GPS Garmin 60CS (Table 1). The study area had characteristically uniform temperature, high relative
humidity, abundant but seasonal precipitation, little wind and intermittent sunshine and clouds. The climatic
condition is representative of the high temperatures, between 22ºC and 34ºC, with the annual mean of 28ºC.
 The mean annual rainfall in the Kota Bharu district area was 2,700mm in 2010 (MMS, 2010). The annual
surface water resources for Kelantan was 1405mm (DID, 1982). November, December and January were the
months with maximum rainfall, while, June and July were the driest months in Kota Bharu, Kelantan.

Kota Bharu was located in the district of 6º 5’ 20” to 6º 7’ 0” N latitude and 102º 13’ 60” to 102º 16’
42.66” E longitude. Its overall land area was about 169km² with a maximum width of 13km (west to east) and
a maximum length of about 13km (north to south). 

Fig. 1: Study area and sampling stations.
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The study area was made up of difference sizes of gravel, clay and silt and also a mixture of the materials.
The topography of the study area was flat and horizontal, where it was covered by the sediment coast
quaternary sediments and granite paving stones. The geological data for Kota Bharu district showed that the
depth of soil between 0-1.5m contained mostly silty clay (MGD, 1985).    

Table 1: Sampling Locations.
Zone Site Position Location
Pengkalan Chepa (Industrial Area) 1 102.29871ºE 6.10293ºN Padang Pasir Tok Kambing, Kota Jembal

2 102.25848ºE 6.14511ºN SMK Tanjong Mas, Kpg Kubang Tuman
3 102.28809ºE 6.12721ºN Jabatan Kimia Kelantan
4 102.30252ºE 6.12805ºN SMK Panji, Kampung Panji
5 102.28654ºE 6.14747ºN Kampung Chekok
6 102.30067ºE 6.13814ºN Jabatan Pengangkutan Jalan, Kelantan
7 102.29647ºE 6.14016ºN Taman Orkid, Kampung Landak
8 102.29550ºE 6.14737ºN Taman Padang Tembak
9 102.31289ºE 6.14622ºN Kampung Beris Kemumin Panchor

SW of Kota Bharu (Township Area) 10 102.22882ºE 6.13117ºN Kampung Pauh Kubor
11 102.21555ºE 6.12370ºN Kampung Pauh
12 102.20901ºE 6.12671ºN Kampung Kubang Palas
13 102.21587ºE 6.09647ºN Kampung Kota Sungai
14 102.20406ºE 6.09372ºN Kampung Padang Embun
15 102.23956ºE 6.09316ºN Kampung Bawah Lembah
16 102.23976ºE 6.08701ºN Kampung Wakaf Che Yeh
17 102.23966ºE 6.07847ºN Kampung Padang Enggang

Banggu (Agricultural Area) 18 102.32182ºE 6.05756ºN Kampung Mentera
19 102.31821ºE 6.04244ºN Kampung Baru Bukit Merak
20 102.31529ºE 6.06211ºN Kampung Tok Yam
21 102.31264ºE 6.05507ºN Kampung Marak
22 102.31907ºE 6.07183ºN Kampung Kedai Baru
23 102.30793ºE 6.06840ºN Kampung Karang

The sampling was done at the urban and sub-urban areas of Kota Bharu district during pre monsoon
(August-September), monsoon (November-December) and dry season (Mac-April). Samples were collected using
metal spade from a 0 to 6 cm of topsoil. At each station, three  soil samples were taken randomly within a
10feet x 10feet quadrant and mixed into a composite sample representative of that particular site. The samples
were then transported in a sealed aluminum foil to the laboratory and once in the lab, they were freeze dried.
Only soil fractions of 2.5mm were used for further analysis. The coordinate of the sampling sites was given
in Table 1.

The determination of organic matter content was carried out in the oven (model MEMMERT) dried sieved
(80oC; <2.35mm) soil samples.  15grams of samples were weighed (initial weight) using an electronic balance
model AND ER–180A and inserted into crucible cups. The samples in the crucible cups were then placed in
a furnace (model CARBOLITE) and heated at a temperature of 500oC for 4 hours. The loss-on-ignition (LOI)
method for the determination of organic matter involved the heated destruction of all organic matter in the soil
(Blume et al., 1990). After heating, the samples were left to cool in desiccators for one hour. The final weight
of the samples was later recorded. Organic matter content was determined by the percentage loss of sample
weight (done by subtracting final weight from initial weight) after combustion at 500oC for four  hours (Mucha
et al., 2003; 2004). As a precaution, it was noted that the soil samples for the different sampling stations were
separately heated in the furnace to avoid sample contamination. 

For quality assurance, the crucible cups used for the determination of organic matter content in soil were
washed with distilled water and heated at 500oC for 4 hours in the furnace (model CARBOLITE) for at least
three times to remove unwanted residue and contaminants.

The determination of soil moisture content was carried out using gravimetric method on the oven (model
MEMMERT) dried. 15grams of soil sieved (<2.35mm) samples were weighed (initial weight) using an
electronic balance model AND ER–180A and inserted into crucible cups. The samples in the crucible cups
were then placed in the oven and heated at a temperature of 105oC for 12 hours. 

The concentration of organic carbon (TOC) was measured in soil by drying the sieved sample (<2.35mm)
at 60ºC for 12hours and then 1.5g of samples were mixed with 2ml of HCl 1M to eliminate inorganic carbons
and dried at 105ºC for 10hours to remove HCl. The TOC percentage was analyzed by using carbon analyzer
LECO CR-412 (Nelson et al., 1996, Bernard et al., 2004)   
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The soil samples dried in the oven (model MEMMERT) at 100ºC for 12hours and then sieved at 2.35mm
opening sieve. 25g f sample was mixed with 100mL diluted sodium hexametaphosphate in 250mL beaker and
allowed to sit for 24h. The soil particles size was measured using pipette method (Day, 1965).     

All laboratory equipments used were washed with phosphate-free soap, double rinsed with distilled water
and left in 10% HNO3 for 24hours. The equipment then was rinsed twice with double-distilled water and left
semi closed to dry at room temperature. These procedures were to preclude uncertain contamination. 

The data was computed by using Package for Social Science (SPSS) version 16. The Pearson Correlation
coefficient analysis was used to examine the correlation between water content, total organic content, organic
matter and soil texture (clay, silt, sand and clay+silt) of the soil collected from Kota Bahru. Student-Newman-
Keuls test was used to compare the soil texture (clay, silt, sand & clay+silt), WC, TOC and SOM of the
different land uses in Kota Bharu.

RESULTS AND DISCUSSION

The statistical parameters and variations of surface SOM concentration of 252 typical zonal soil series in
Kota Bharu and of different type of land uses were listed in Table 2. The surface SOM concentration in the
whole area ranged from 0.79% to 18.23%, with a mean of 4.41%, indicating a wide variability of SOM
concentration of zonal soils. 

Quantities and compositions of SOM were attributed to climate, vegetation, topography, material and time
(Jenny, 1980). In cultivated soil and some uncultivated soils, human activities and management also affected
SOM concentration greatly (Dai, et, al., 2006). As shown in Table 2, surface SOM concentration of zonal soils
in three land uses of Kota Bharu District was quite different. The soils in Pengkalan Chepa area had the lowest
SOM concentrations with a mean of 3.43%. It might be attributed to the severe disturbance by humans, where
the area was very well developed as industrial area. The vegetation in Pengkalan Chepa was relatively sparse
and the development projects were aggressive which induced reclaimed soils and new type of vegetations. As
a result, SOM at the surface layer had a lower concentration. In comparison with the SOM in Pengkalan
Chepa, SOM in southwest of Kota Bharu town had the highest concentration with a mean of 5.14% and that
in Banggu had a relative higher concentration with a mean of 4.94%, which might be attributed to the humid
and good vegetation coverage. Both areas were known as un-touched area and under developed. Most of the
activities in the areas were based on agro economic cultivation and orchards. 

Table 2: Composition in percentage of water content, total organic carbon and organic matter in soil collected from three difference areas
in Pengkalan Chepa, Southwest township of Kota Bharu and Banggu.

Mean SE
Water Content P. Chepa 13.80 ± 0.89a

SW Kota Bharu 20.49 ± 1.27b

Banggu 20.76 ± 1.10b

Total Organic Carbon P. Chepa 0.90 ± 0.07a

SW Kota Bharu 1.02 ± 0.08a

Banggu 1.43 ± 0.16b

Soil Organic Matter P. Chepa 3.41 ± 0.35a

SW Kota Bharu 5.14 ± 0.34b

Banggu 4.94 ± 0.37b

Note: Student-Newman-Keuls test comparisons of water contents, total organic carbon and organic matter composition. Means with different
letters are significantly different at P < 0.05

The analysis showed that Pengkalan Chepa area had lower composition of water content (13.80%), total
organic carbon (0.90%) and SOM (3.41%) compared to township and agricultural area. This might be due to
the sand composition that was very high in the industrial area as shown in Table 4. Texture influenced soil
physical conditions by affecting pore-size distribution and pore continuity, which in turn controlled soil water
availability (Hassink et al., 1993). The data also showed that SOM was high at SW Kota Bharu township and
agricultural area at 5.14% and 4.94% respectively. Those areas were relatively covered by trees and
vegetations. Dense tree coverage and uniform potentially affected SOM pools in semiarid environments
(Buschiazzo et al., 2004). 

Site 2 showed the highest SOM with a value of 11.85% whilst the lowest percentage was shown by site
3 with a value of 1.52% (Figure 2). The average value of SOM content in this study was 5.45%.
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Fig. 2: Soil Organic Matter (SOM) percentage according to the stations.

Numerous authors had described the relationship between clay and silt (or clay + silt) content and SOM
in soils (Jones, 1973; Lepsch et al., 1994) from different sites in the tropics. These studies had shown that clay
and silt (or clay + silt) content was a relatively important determinant of SOM levels in soils. This relationship
(Feller, et al., 1997) appeared to hold equally well for cultivated soils as for those under native vegetation in
situations covering a wide range of mean annual precipitation (600-3000 mm/yr). Therefore, the sandy soils
might be attributed to their low organic matter content and clay + silt content in addition to management
associated factors such as overgrazing and intensive farming (Feller et al., 1997) and industrialization as shown
in Table 3.

Land use and cultural practices influenced SOM storage and loss in a variety of ways. They might alter
the organic matter (OM) input into soils, the soil biological activity, the bioavailability of organic substrates
and soil erodibility (Feller, et al., 1997). 

Generally, with exception of a few stations, majority of stations studied yielded average total organic
carbon (TOC) content of less then 3% (Figure 3). Site 14 showed the highest TOC with a value of 2.58%
whilst the lowest percentage was shown by site 1 with a value of 0.48%. The average value of TOC content
in this study was 1.40%. TOC came from decaying natural organic matter and from synthetic sources such as
detergents, pesticides, fertilizers, herbicides, industrial chemicals, and chlorinated organic (Hendricks, 2007).

TOC present in soils was governed by the soil organic matter (SOM). Indeed, the vegetation was the main
determinant of SOM in soils (Ekosse et al., 2006).

Fig. 3: Total organic carbon percentage according to the stations.
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Table 3: The composition in percentage of soil texture (clay, silt, sand and clay+silt) collected from industrial, township and agricultural
area in Kota Bahru.

Soil Texture
---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Area Clay SE Silt SE Sand SE Clay+Silt SE
P.Chepa 3.11 ± 0.50a 5.33 ± 0.73a 83.44 ± 2.74a 8.44 ± 1.21a

SW KBharu 13.37 ± 1.43b 20.88 ± 1.78b 56.90 ± 3.50a 34.25 ± 3.17b

Banggu 21.02 ± 1.50c 30.74 ± 1.91c 48.05 ± 3.38b 51.77 ± 3.38c

Note:  Student-Newman-Keuls test comparisons of soil texture (clay, silt, sand & clay+silt). Means with different letters are significantly
different at P < 0.05.

The composition of clay, silt and clay+silt from soil collected from township and agricultural area were
in the same group. The soil from industrial area had higher content of sand and it was significantly different
compared to soil collected from township and agricultural areas. Based on Soil Texture Class by USDA,
Pengkalan Chepa area was considered as sandy area, SW of Kota Bharu as sandy loam and Banggu as loamy
area. 

Table 4: The Pearson Correlation coefficient analysis between water content, total organic content, organic matter and soil texture (clay,
silt, sand and clay+silt) of the soil collected from Kota Bahru.

Area Season WC TOC SOM Clay Silt Sand 
Season 0.091 1
WC 0.278** -0.0.58 1
TOC 0.216** 0.059 0.388** 1
SOM 0.199** 0.094 0.571** 0.657** 1
Clay 0.561** -0.007 0.531** 0.525** 0.512** 1
Silt 0.604** 0.000 0.524** 0.557** 0.494** 0.969** 1
Sand -0.439** -0.019 -0.505** -0.609** -0.771** -0.707** -0.685** 1
Clay+Silt 0.590** -0.003 0.531** 0.548** 0.506** 0.990** 0.994** -0.700**
Note: Values given are the correlation coefficient (r) and their level of significance (**P < 0.01)
(WC – water content; TOC – total organic carbon; SOM –  soil organic matter)

Table 3 showed the results of correlation analysis, where r was the correlation coefficient and the subscript
represented two parameters to be correlated. Obviously, surface SOM concentration was positively correlated
with water content, TOC, clay and silt and negatively correlated with sand in all areas. However, the
correlation coefficients between surface SOM concentration and the land uses were relatively weak, suggesting
that the variance of surface SOM concentration of zonal soil series in Kota Bharu district might be not well
explained by a single factor. 

Climate was the most important factor regulating soil organic matter (Alvarez et al., 1998 & Dai, et al.,
2006). The weak correlation between SOM and area could be due to the fact that the precipitation and
temperature in Kota Bharu were relatively constant through the year and no significant correlation during
between seasonal times (Table 4). Similar results were reported in response to particle size distribution and
climate (Alvarez, 1995 and Zorita, et al., 2000). 

However, there are positive correlation on TOC, OM & Soil Texture at P < 0.01 between industrial,
southwest of Kota Bharu township and agricultural area. There was a clear correlation between TOC and OM
& soil Texture. There was a negative correlation clearly shown for sand soil texture. The TOC level increased
in the same direction as the textures classes and was inversely related with sand content as shown in Table
4.

Conclusion:
It could be concluded that the OM, TOC and water content and soil texture were varied significantly

between the different land uses. OM and TOC depended more on silt + clay content. There were no significant
correlations between OM, TOC, water content and texture during difference temporal season.   

ACKNOWLEDGMENT

The authors are grateful to the Universiti Malaysia Kelantan for facilities and funding provided through
short term research grant reference R / SGJP / A03.00 / 00244A / 001 / 2009 / 000020.  This study would
not have been possible without  the help from Universiti Malaysia Kelantan.



Aust. J. Basic & Appl. Sci., 5(7): 915-922, 2011

921

REFERENCES

Associated Colleges of The Chicago Area-ACCA 2008. Introduction to soil science. The Morton
Arboretum Research Center, IL. www.masslaboratory.org/mass_018.htm

Alvarez, R., 1995. Soil organic carbon, microbial biomass and CO2-C production from three tillage
systems. Soil and Tillage Research, 33: 17-28.

Alvarez, R. and R.S. Lavado, 1998. Climate, organic matter and clay content relationships in the Pampa
and Chaco soils, Argentina. Geoderma, 83: 127-141.

Bechtold, J.S. and R.J. Naiman, 2006. Soil texture and nitrogen mineralization potential across a riparian
toposequence in a semi-arid savanna. Soil Biology and Biochemistry, 38: 1325-1333.

Bernard, B.B., H. Bernard and J.M. Brooks, 2004. Determination of total carbon, total organic carbon &
inorganic carbon in sediments. TDI-Brooks International/B&B Lab Inc. Texas.

Bird, M.I., E.M. Veenendaal, C. Moyo, J. Lloyd, P. Frost, 2000. Effect of fire and soil texture on soil
carbon in a sub-humid savanna (Matopos, Zimbabwe). Geoderma, 94: 71-90.

Blume, L.J., B.A. Schumacher, P.W. Shaffer, et al. 1990. Handbook of Methods for Acid Deposition
Studies Laboratory Analyses for Soil Chemistry. EPA/600/4-90/023. U.S. Environmental Protection Agency,
Las N.V. Vegas.

Burke, I.C., C.M. Yonker, W.J. Parton, C.V. Cole, K. Flach and D.S. Schimel, 1989. Texture, climate,
and cultivation effects on soil organic matter content in U.S. grassland soils. Soil Science Society of America
journal., 53: 800-805.

Buschiazzo, D.E., S.B. Estelrich, S.B. Aimar, E. Viglizzo and F.J. Babinec, 2004. Soil texture and tree
coverage influence on organic matter. J. Range Manage., 57: 511-516.

Dai, W. and Y. Huang, 2006. Relation of soil organic matter concentration to climate and altitude in zonal
soils of China. Catena, 65: 87-94.

Day, P.R., 1965. Particle fractionation and particle size analysis pp: 545-547. In C.A. Black et al (ed.)
Methods of soil analysis, Part 1 Agronomy, 9: 545-567.

Díaz Zorita, M. and G.A. Grosso, 2000. Effect of soil texture, organic carbon and water retention on the
compactability of soils from the Argentinean pampas. Soil Till. Res., 54: 121-126.

Drainage and Irrigation Department Malaysia., 1982. Average annual and monthly surface water resources
of Peninsular Malaysia. Ministry of Agricultural, Malaysia. Kuala Lumpur.

Ekosse, G.I.E., P.S. Fouche and B. Mashatola, 2006. Total organic carbon and its relation with manganese
concentrations in soils and vegetation close to an abandoned manganese mine. Int. J. Environ. Sci. Tech., 3:
15-24.

Fadzil, M.F., N.M. Tahir, W.M. Zin, 2008. Concentration and distribution of polycyclic aromatic
hydrocarbons (PAHs) in the town of Kota Bharu, Kelantan Darul Naim. The Malaysian Journal of Analytical
Sciences, 12(3): 609-618.

Feller, C. and M.H. Beare, 1997. Physical control of soil organic matter dynamics in the tropics.
Geoderma, 79: 69-116

Hassink, J., L.A. Bouwman, K.B. Zwart and L. Brussaard, 1993. Relationships between habitable pore
space, soil biota and mineralization rates in grassland soils. Soil Biol. Biochem., 25: 47-55.

Hendricks, D.W., 2007. Water Treatment Unit Processes: Physical and Chemical. Boca Raton, FL: CRC
Press. pp: 44-62.

Jenny, H., 1941. Factors of soil formation. McGraw-Hill, New York, New York, USA.
Jenny, H., 1980. The soil resource: origin and behavior. Ecological Studies, Springer-Verlag, NY., 37.
Jobba´ gy,  E.G. and R.B. Jackson, 2000. The vertical distribution of soil organic carbon and its relation

to climate and vegetation. Ecological Applications, 10(2): 423-436.
Jones, M.J., 1973. The organic matter content of the savanna soils of West Africa. J. Soil Sci., 24: 42-53.
Lepsch, I.F., J.R.F. Menk and J.B. Oliveira, 1994. Carbon storage and other properties of soils under

agriculture and natural vegetation in Sao Paulo State, Brazil. Soil Use Manage., 10: 34-42.
Mineral and Geoscience Department, Malaysia., 1985. Mineral Resources Map of Kelantan. Quaternary

Geological Maps and Minerals Resources Maps, Ministry of Science, Technology and Innovation, Malaysia
Mucha, A.P., M.T.S.D. Vasconcelos and A.A. Bordalo, 2003. Macrobenthic community in the Douro

estuary: relations with trace metals and natural sediment characteristics. Environmental Pollution 121(2): 169-
180.



Aust. J. Basic & Appl. Sci., 5(7): 915-922, 2011

922

Mucha, A.P., M.T.S.D. Vasconcelos and A.A. Bordalo, 2004. Vertical distribution of the macrobenthic
community and its relationships to trace metals and natural sediment characteristics in the lower Douro estuary,
Portugal. Estuarine, Coastal and Shelf Science, 59(4): 663-673.

Nakane, K., 1975. Dynamics of soil organic matter in different parts on a slope under evergreen oak forest.
Japanese Journal of Ecology, 25: 205-216.

Nelson, D.W., L.E. Sommers, 1996. Total carbon, organic carbon and organic matter in DL Sparks (Ed),
Methods of soil analysis. Part 3, Chemical Methods, Soil Science Society of America, W.I. Madison, pp: 961-
1010

Oades, J.M., 1988. The retention of organic matter in soils. Biogeochemistry, 5: 33-70.
Paul, E.A., 1984. Dynamics of soil organic matter. Plant and Soil., 76: 275-285.
Paruelo, J.M., E.G. Jobba´gy, O.E. Sala, W.K. Lauenroth and I.C. Burke, 1997. Functional and structural

convergence of temperate grassland and shrubland ecosystems. Ecological Applications, 8: 194-206.
Schlesinger, W.H., 1977. Carbon balance in terrestrial detritus. Annual Review of Ecology and Systematics

8: 51-81.
Schlesinger, W.H., 1997. Biogeochemistry, an analysis of global change. Academic Press, San Diego,

U.S.A. California.
Schimel, D.S., B.H. Braswell, E.A. Holland, R. McKeown, D.S. Ojima, T.H. Painter, W.J. Parton, A.R.

Townsend, 1994. Climatic, edaphic and biotic controls over storage and turnover of carbon in soils. Global
Biogeochemical Cycles, 3: 279-293.

Tiessen, H., E. Cuevas and P. Chacon, 1994. The role of soil organic matter in sustaining soil fertility.
Nature, 371: 783-785.


