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Abstract 

Soil carbon is the carbon held within the soil, primarily in association with its organic content. The total soil organic carbon 

study was determined in a plot at Bukit Jeriau forest in Bukit Fraser, Pahang, Malaysia. The aim of this study is to determine the 

changing of soil organic carbon between wet season and dry season. Soil organic carbon was fined out using titrimetric 

determination. The soil organic carbon content in wet season is 223.24 t/ha while dry season is 217.90 t/ha. The soil pH range in 

wet season is between 4.32 to 4.45 and in dry season in 3.95 to 4.08 which is considered acidic. Correlation analysis showed that 

soil organic carbon value is influenced by pH value and climate. Correlation analysis between clay and soil organic carbon with 

depth showed positively significant differences and clay are very much influenced soil organic carbon content. Correlation 

analysis between electrical conductivity and soil organic carbon content showed negative significantly difference on wet season 

and positively significant different in dry season. 
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Abstrak 

Karbon tanah adalah nama generik bagi karbon yang wujud di dalam tanah, terutamanya dalam pencampuran kandungan 

organiknya. Satu kajian kandungan karbon organik di dalam tanih telah ditentukan di satu plot berukuran 1 hektar persegi di 

Hutan Simpan Bukit Jeriau, Bukit Fraser, Pahang, Malaysia. Tujuan kajian ini adalah untuk menentukan perbezaan kandungan 

karbon organik dalam tanah antara musim basah dan musim kering. Kandungan karbon organik ditentukan dengan menggunakan 

kaedah pentitratan.Jumlah kandungan karbon organik pada musim basah adalah sebanyak 223.24 t/ha manakala pada musim 

kering pula sebanyak 217.90 t/ha. Julat pH pada musim basah adalah 4.32 hingga 4.45 manakala pada musim kering adalah dari 

3.95 hingga 4.08, dalam lingkungan berasid. Nilai pH pada musim kering mengalami penurunan. Analisis korelasi mendapati 

nilai pH dan iklim memberi kesan kepada kandungan karbon organik. Ujian korelasi antara lempung dengan kandungan karbon 

organik menunjukkan terdapat pebezaan signifikan positif. Ini menunjukkan kandungan lempung mempengaruhi kandungan 

karbon organik dalam tanih. Ujian korelasi kekonduksian elektrik dengan kandungan karbon organik menunjukkan perbezaan 

signifikan yang negatif pada persampelan musim basah manakala perbezaan signifikan positif pada musim kering. 
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Introduction 

Organic are the terms use to describe the materials that associated with or derived from living organisms. The 

amount of organic matter in soil is often used as an indicator of the potential sustainability in a soil system. Soil 

organic matter are playing important part in nutrient cycle and repairing soil structure. Organic carbon in soil is 

important to ensuring good health in soil environment and critical in supplying the needs of the ecosystem [1,2]. 

Recently, research on soil organic carbon becoming important because of terrestrial organic carbon is critical factor 

to understanding carbon emission in which can causing climate change [3]. Organic carbon in soil are part of soil 

organic component, including others important elements such as hydrogen, oxygen and nitrogen. Organic in soil is 

derived from plants and animals that gradually decomposes. Soils constitute a significant reservoir of carbon (C) in 

both organic and mineral forms and can play an important global role, by mitigating or contributing carbon to the 

atmosphere [4,5]. Globally, soils contain more than two thirds of the total C stored in vegetation and almost twice 

the amount in the atmosphere while forest soils (including peaty soils) contain approximately 69 % of the total 

forest C pool [6]. With a small change in soil organic carbon, it can show a significant change for CO2 in 

atmosphere [7]. Carbon absorbance into the soil is a way that can decrease carbon accumulation in atmosphere 

which can lower the risks of climate changes. From that, the result show where soil organic carbon is very important 

to predict the effects and brings on global environment [8,9].  Field survey are a good ways to evaluate soil organic 

carbon including in the high altitude area such as Fraser Hill. 

 

Carbon stored form the organic carbon in soil is highly sensitive to land use changes [10,11]. Organic carbon 

contain in soil are decrease with decreasing of organic matter inputs, while it increasing in organic carbon oxidation 

cause of aggregates disruption, and increasing the aeration. Many factors can indicate the stabilization of organic 

carbon in soil, the important factors are clay content, pH, hydrology, climate, and organic matter inputs. Some of 

these factors are fixed and depended on soil characteristics while some are depended on climate and land use 

management. Soil organic carbon storage are controlled by balanced from input from vegetation and decomposition 

output [12,13].  Organic carbon storage in soil are high in high altitude are because of high in carbon concentration 

(organic carbon per area) [14]. With unique climate and less human activity, Fraser Hill are ideal place to run a 

research on determine the soil organic carbon for the higher altitude area. Research on soil organic carbon changes 

are important for us to understand the relationship of its content in forest and their changes effect on global in the 

future [15].   

 

Materials and Methods 

Study area 

Fraser Hill is very popular as a highland vacation and situated on 1500 m from sea level. This area is located on 

Titiwangsa range in Peninsular Malaysia which is formed by igneous formation activities from late Triassic to early 

Jurassic [2,15]. Annual rainfall distribution is 2624 mm with average 208 wet days. The area receives 20mm to 

410mm of rainfall each month, typically low during the first quarter, and very high during the last quarter of the 

year. The temperature is cool, ranging from 18 °C – 22 °C annually with high humidity ranging from 85 – 95 % 

every month. The surrounding vegetation is lower montane forest [16]. Study site is one hectare plot located in 

Jeriau Forest, Fraser Hill, Pahang (Figure 1).   

 

Soil samplings were done on one hectare plot (100m x 100m) where it has been divided into 9 subplots. To 

represent both dry and wet season, the soil sample was taken once for each season. The dry and wet season was 

determined using annual average rainfall at the nearest station and Malaysia annual rainfall data. Soil samples were 

taken from each subplot (Figure 2) by profile deep from 0 – 20 cm, 20 – 40 cm, 40 – 60 cm, 60 – 80 cm, and 80 – 

100 cm. Research plot were located at  03°43’ 33.5” N, 101° 43’ 076” E to 03° 43’ 34.3” N, 101° 43’ 07.0” E and 

03° 43’ 32.7” N, 101°43’ 05.6” E to 03° 43’ 32.9” N, 101°43’ 06.3” E. Each soil sample was taken to laboratory to 

be air dried and sieved using 2 mm sieve. Samples were then ready for analysis.  
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Figure 1.  The map of  study area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Research plot and subplots 

 

Soil particle size distribution 
20g soil are inserted into 600 ml beaker. Then, 50 ml of hydrogen peroxide (H

2
O

2
 -  30vol.) are pouring into it and 

heated on the sand bath with the temperature 60 – 70 °C until the mixture become less than 100 ml. Then, samples 

were transferred into Erlenmeyer flask and 5% sodium hexametaphosphate (20 ml) were added before shaking it in 

a period of 2 hour on reciprocating shaker. Then, the samples were transferred into 1000 ml beaker with the adding 

of water. Sub-sample size < 20µm and < 2µm were collected using pipette. The remaining samples were transferred 

into 600 ml beaker and the samples are slowly being washed until it’s clear. The remaining was inserted into oven 
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overnight at 105
 
°C. The samples when through sieved to determine the size and weighed to determine the soil 

particles distributions. 

 

Measurement of pH and conductivity 

Determinations of pH were using soil: water ratio of 1:1.2.5 [17]. pH value were read with pH meter that has been 

calibrated [18]. Soil electrical conductivity was determined using saturated gypsum extract. The remaining of 

filtered of mixtures were determined using conductivity meter which has been calibrated. 

 

Determination of organic carbon content 

Soil organic carbon was determined using Walkley & Black method [19]. An amount 0.5g soil sample were 

weighed and inserted into 500 ml Erlenmeyer flask. Then, 10 ml of Potassium Dichromate, 1.0 N K2Cr2O7 were 

inserted and shake to mix it. Then, 20 ml sulphuric acid, H2SO4 (98 % ) was poured into the mixture. The mixtures 

were left for 30 minutes to cool it. After that, 3 g of sodium fluoride (NaF) were added with 100 ml of distilled 

water. Ten drop of ferroin indicator were added which made the mixtures turned into orange solution. The mixtures 

were titrated with 0.5 N ammonium sulphate, until it turned into bright green [18]. The totals of FAS were recorded. 

The same operations were used to determine blank value with no sample was added. The formula to calculate the 

content of organic carbon in soil expressed as equation 1 below: 

 

Carbon content (KC) = B x A x D x C                         (1) 

 

where as KC is define as carbon content in ton, B is define as soil bulk density, (g
cm-3 

), A is define as area (m
2
), D is 

define as soil depth (m) and C is percentage (%) of carbon organic. 

 

Results and Discussion 

Soil particle size distributions in study area were dominated by sandy and clayey soil (Table 1). Sand content on soil 

surface (0 – 20cm) were range from 39 % to 56 % with average value is 49 %. Soil texture becoming more sandy 

and less clayey with the increasing the depth. With sandier texture, water movements are high compare to clayey 

texture. According to Bationo and Buerkert [20],  clay and silt type play an important role in the stabilization of 

organic compounds and small variations in soil texture could have large effects on soil organic carbon. With 

increasing clay content, it can decreased carbon output because of its stabilization effect on soil organic carbon. 

 

 

Table 1.   Soil particles size distribution 

Sample Depth 

(cm) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

A1 0 – 20 45 36 19 Sandy caly 

 20 – 40 49 30 22 Sandy clay loam 

 40 – 60 48 24 29 Sandy clay loam 

 60 – 80 47 18 35 Loam 

 80 – 100 64 11 25 Loamy sand 

A2 0 – 20 48 34 18 Sandy clay loam 

 20 – 40 53 32 15 Sandy clay loam 

 40 – 60 59 27 14 Sandy clay loam 

 60 – 80 69 15 16 Loamy sand 

 80 –100 66 13 21 Loamy sand 
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Table 1 (cont’d).   Soil particles size distribution 

Sample Depth 

(cm) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

A3 0 – 20 54 36 10 Sandy clay 

 20 – 40 57 14 29 Loamy sand 

 40 – 60 71 10 19 Loamy sand 

 60 – 80 71 8 21 Loamy sand 

 80 –100 72 8 20 Loamy sand 

B1 0 – 20 42 39 19 Silty clay loam 

 20 – 40 44 40 16 Silt 

 40 – 60 51 32 17 Sandy clay loam 

 60 – 80 53 27 19 Sandy clay loam 

 80 –100 51 23 27 Sandy clay loam 

B2 0 – 20 54 36 10 Sandy clay 

 20 – 40 49 36 16 Sandy clay 

 40 – 60 47 37 16 Sandy clay 

 60 – 80 52 37 11 Sandy clay 

 80 – 100 59 32 10 Sandy clay loam 

B3 0 – 20 39 36 26 Sandy clay 

 20 – 40 41 40 19 Sandy clay 

 40 – 60 46 35 19 Sandy clay loam 

 60 – 80 49 32 20 Sandy clay loam 

 80 – 100 52 27 21 Sandy clay loam 

C1 0 – 20 54 35 12 Loam 

 20 – 40 49 31 19 Loam 

 40 – 60 54 30 17 Loamy sand 

 60 – 80 65 14 21 Sandy clay loam 

 80 –100 78 7 15 Loamy sand 

C2 0 – 20 46 35 19 Loam 

 20 – 40 52 32 16 Loamy sand 

 40 – 60 57 29 14 Loamy sand 

 60 – 80 66 16 18 Loamy sand 

 80 – 100 79 5 15 Loamy sand 

C3 0 – 20 56 33 11 Loamy sand 

 20 – 40 58 16 26 Sandy clay loam 

 40 – 60 71 10 19 Sandy clay loam 

 60 – 80 71 8 21 Sandy clay loam 

  80 – 100 70 11 19 Loamy sand 
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According to Table 2, soil organic carbon content were decreasing with increasing soil depth with the highest soil 

organic carbon content in depth of 0 – 20 cm for both seasons. The percentage of organic carbon content in wet 

seasons were higher than dry season at the depth 0 – 20 cm and 20 – 40 cm, while at the depth 40 – 60 cm, 60 – 80 

cm, and 80 – 100 cm the percentage of soil organic carbon were higher in dry season. These differences were 

attributed to differences in belowground allocation of biomass among vegetation types, and tree dominated systems 

had higher inputs of organic matter than other types at the surface of the soil [21]. There was obvious changing in 

soil organic carbon concentration until 60 cm depth. After 60 cm depth, soil organic carbon concentration slowly 

reduces until 100 cm depth. The difference in soil organic carbon concentration at this depth is due to vegetation 

and hydrology [22]. Water moving downwards carries dissolved organic carbon to deeper soil horizons, where it is 

preserved from complete mineralization, gradually the transported compounds are reabsorbed to soil particles and 

contribute to carbon storage deeper in the soil profile. The difference of soil organic carbon content between both 

seasons is 5.33t/ha (Figure 3). 

 

 

Table 2.   The average soil organic carbon content with depth 

Depth 

(cm) 

% OC 

Wet season 

Bulk density 

(gmˉ³) 

TOC, 

(t/ha) 

% OC 

Dry season 

Bulk density, 

(gmˉ³) 

TOC, 

(t/ha) 

0 – 20 4.93 1.04 102.54 4.18 1.03 86.38 

20 – 40 2.95 1.04 61.36 2.78 1.03 57.41 

40 – 60 1.31 1.03 26.99 1.72 1.03 35.44 

60 – 80 1.05 1.04 21.84 1.14 1.03 23.53 

80 –100 0.51 1.03 10.51 0.74 1.02 15.14 

  

Total 223.24 

 

Total 217.90 

            % OC = percentage of organic carbon in soil; TOC = Total organic carbon 

 

 

 
 

Figure 3.  Seasonal soil organic carbon content with depth 

 

Correlation analysis between clay and organic carbon content were significant different on both seasons. Wet season 

were positively significant at 0.01 (n = 30, r = 0.594**), while on dry season also positively significant at 0.01 (n = 

45, r = 0.688**). Soil organic carbon concentration were high at upper soil profile and become lesser at the deep 

profile. Particle size distribution analysis showing clay content increase with depth. Carbon content and status in the 
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soil are closely associated with clay and silt contents and clay type, which influences the stabilization of organic 

carbon [20]. Increasing clay content can provide the stabilization of organic carbon in soil and slowing down 

decomposition process by microbes [11,23]. In this study, soil organic carbon concentrations were high at high clay 

area. High clay content can increase plant productivity through water holding capacity in which adding carbon input 

into the soil [24]. 

 

Figure 4 show the value of pH versus depth on both seasons. pH values were stable on both seasons at all station. 

On dry season pH value were ranging from 3.95 – 4.08 and during wet season it ranging from 4.32 –4.45. 

Relatively, pH values were lower at depth 0 cm to 40 cm. From 40 cm to 100 cm deep, the changing values were 

low on both seasons. pH value are related to decomposition of organic matter in which it can affect pH value and 

also increase organic carbon content in soil. This is also related with the low organic carbon concentration in deeper 

soil profile, meaning soil organic carbon content increase with decreasing pH value. Correlation analysis between 

pH and soil organic carbon on dry season were negatively significant at  0.015 (n = 45, r = - 0.378*).  There is no 

significantly different on wet season.    

 

 

 
 

Figure 4.  An average of pH value in soil samples 

 

 

Electrical conductivity (Figure 5) values were stable at every depth on both seasons. During wet season, the highest 

electrical conductivity was measured at 0 – 20 cm deep with the value 2.65mS/cm and lowest value was 2.52mS/cm 

at 60 – 80cm deep. During the dry season, highest electrical conductivity value was 2.56mS/cm at 0 – 20 cm deep 

and at depth of 40 – 60cm the lowest value recorded at 2.33m
S
/cm. Electrical conductivity in soil are influenced by 

soil texture (especially clay), water content and soil water holding capacity, dissolved ion in soil capillary. Soil 

electrical conductivity value increased with increasing of clay content and water content. According  to Officer et. 

al. [25], the soil zone with high electrical conductivity value are high in clay and organic material content. 

Correlation analysis between electrical conductivity and soil organic carbon content on wet season showing 

significantly positive at 0.05 (n = 45, r = 0.315*) and on dry season were significantly negative at 0.01 (n = 45, r = -

0.583**). It showed that electrical conductivity influenced by the value of soil organic carbon content. Correlation 

analysis between electrical conductivity with pH showing negatively significant on dry season at   0.05 (n = 45, r = -

0.353*) but on wet season, there is no significantly different. It means on dry season, salt content in soil have small 

influence on pH value but not in wet season. 
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Figure 5.  Measurement of electrical conductivity in soil samples 

 

 

Conclusion 

Soil organic carbon content were slightly higher in wet season compared to dry season with the different value of 

5.34 t/ha. Soil organic carbon content is decreasing with depth on both seasons. The value of soil organic carbon 

decreasing drastically from high organic matter in higher soil profile and lower in deeper soil profile. pH value in 

dry season were acidic than wet season. Soil electrical conductivity values were stable and not much significantly 

different on both seasons. The average soil electrical conductivity value on wet season is 2.61m
S
/cm and during dry 

season is 2.42m
S
/cm.     
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