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Abstract

Organic matter content of the many soils is less than 5% by weight; nevertheless this 
small amount of organic matter (OM) has a significant impact on soil properties. A 
study to evaluate the role of climate in distribution of organic carbon (OC) and min-
eral factors (such as soil composition, soil stability and clay minerals) controlling 
OC was performed. Seven surface soils were collected (0-20 cm depth) with three 
replications in a climate gradient (200 to 800 mm of rainfall). The results showed 
that aggregates < 0.053 mm in most of the soils had the lowest organic matter con-
tent (Figure 2), and carbon stock increased with increasing in the aggregates size 
in most soils. There was no significant relationship between OC content and clay 
mineral content, but there was significant relationship for illite and chlorite. It can 
therefore be deduced that OC stock is probably controlled mainly by climate factor 
than clay minerals. Oxalate iron was positively related to OC content, but this rela-
tionship does not apply for dithionite iron. The relationship between soil OC content 
and specific surface area (SSA, g m-2) of the soil was positive and significantly cor-
related. Labile soil OC content had a positive relationship with the climate index 
(P/ET°). As the index increased the potential loss of OC content increased, as well. 
Labile OC content was estimated between 0.49 to 16.64 g kg-1 and a potential loss of 
OC was between 1.28 to 46.12 Mg of carbon per hectare on the soil surface horizon.

Keywords: Soil organic carbon, Clay minerals, Climate, Potential organic carbon 
loss, Golestan province.
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1. Introduction

Organic matter content of the most soils is less than 
5%, nevertheless this small amount of OC has a sig-
nificant impact on soil properties. Positive effect of 
the soil organic matter has been proved in a variety 
of soils on soil properties (Rasmussen and Collins, 
1991). Nonetheless, SOC has a negative impact on 
the environment by greenhouse gases effect on global 
climate change. For example, Paustian et al. (2000) 
estimated that 55 Pg C were released from the soil 
to the atmosphere during the 19th and 20th centuries 
because of agriculture.

Soil organic matter can be divided into labile or ra-
pidly decomposed, and stable or slowly decomposed 
fractions. Soil carbon oxidized by neutral KMnO4, or 
permanganate-oxidizable carbon (POC), has been used 
as the index of labile carbon by several researchers.

Approximately soil provides 75% of the land 
carbon. SOC represents the largest terrestrial organic 
C pool and globally contains over 1550 Pg C (A Pg 
is equal to 1015 g or 1000 million metric tons) (Lal, 
2008), and this pool attracts considerable attention 
because of its potential to sequester C (Baker et al., 
2007). Many projects such as forestation and impro-
ving pasture cause increasing carbon storage in soil; 
on the other hand, SOC increase leads to improved 
structure, soil porosity and permeability (Kerr, 2001). 
The amount of SOC is controlled firstly by climatic 
factors (in most situations). Under similar climatic 
conditions, surface soil texture, SOC is started to con-
trol and accumulation. Furthermore, parent materials 
are the main compound in the accumulation and de-
composition (Parton et al., 1987). Bravo et al, (2007) 
showed that the interaction between the climatic 
factor and the granulometric composition of the sur-
ficial horizon determine the content and SOC trans-
formation. These researchers also reported the rainfall 
determines the volume, quality and amount of plant 

biomass mineralization which is one of the factors 
controlling SOC accumulation in soil.

Rasmussen and Collins (1991) found a positive 
effect of rainfall which was inversely related to rising 
temperatures of soil organic matter levels. Organic 
matter can adsorb cations anion through various me-
chanisms. This interaction includes columbic (hy-
drogen bonds, cationic and anionic exchange, ligand 
exchange, cation bridges) and non-columbic (van 
der waals) (Feng et al., 2005). Absorption of organic 
materials by minerals has been suggested as an im-
portant way to maintain and stabilize OC (Kalbitz et 
al., 2005). Organic compounds with minerals reduce 
microbial mineralization (Kalbitz et al., 2005). Soil 
mineralogy is important to estimate SOC in soil and 
maintenance (Tron et al., 1997). Clay minerals are 
components of mineral materials of soil, which play 
a special role in stabilizing the organic compounds 
(Martin and Haider, 1986). Clay minerals have high 
SSA and electric charge that enable them to enclose, 
and thereby, to stabilize organic matter.

 Wiseman and Püttmann (2006) were observed 
in investigation relationship between mineral phases 
and OC preservation in several profiles that among 
the clay minerals kaolinite, illite and chlorite that ha-
ving high amphoteric property in edges of minerals, 
have much more willing to absorbed OC compare 
with smectite minerals. Jardine et al., (1989) showed 
that amorphous and non-amorphous iron oxides and 
hydroxide have been preserved 50-70 percent of to-
tal solved OC adsorption in two different soils and 
also the remainder had been absorbed by other mi-
nerals, especially kaolinite clay particles. Wiseman 
and Püttmann (2005) were observed in investigation 
preservation of organic carbon in several soil samples 
in Germany, in the one sample they observed a weak 
relationship between SSA and SOC that indicates 
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infiltration of organic material between the layers of 
minerals such as smectite and mixed layer mineral 
(illite-smectite). It appears that there is positive re-
lationship to absorb between solved organic carbons 
and specific surface (Kennedy et al., 2002).

Aggregates have more than 90 percent of OC in 
surface soils and physical protection of organic ma-
terials within the aggregate is known as an important 
factor controlling the soil organic matter decompo-
sition and degradation (Jastrow et al., 1996). Cam-
bardella and Elliot (1993) and John et al. (2005) had 
showed that reducing the aggregate size, amount of 
OC also decreases. Ashagrie et al., (2007) observed 
that reducing the aggregate size, amount of organic 
carbon and nitrogen find increase. In general, SOC is 
stored in coarse aggregate, fine aggregates and parti-
cles smaller than 0.053 mm (silt + clay particles).

According to the results of Brodowski et al., 
(2006) clay + silt parts cannot contain a lot of orga-
nic carbon and bulk SOC (more than 90 percent) is 
stored in aggregate (Jastrow et al., 1996). According 
to Schlesinger definition (1999) carbon storage is res-
ponsible for the long-term storage of carbon in the 

oceans, soils, vegetation (especially forests and pas-
tures) and the geological formation.

In recent years, consideration to soil organic 
matter in relation to increased carbon sequestration 
(Houghton, 2003) and achievement to increased 
soil carbon sequestration has been as an appropriate 
method for reducing the atmospheric CO2 concen-
tration in the scientific community and the political 
world (Kimble et al., 2003). The objective of this stu-
dy was to determine: 1- The effect of mineral factors 
in OC stabilization and storage in a climo-sequence, 
2- The role of climatic factors on the accumulation 
of organic matter in soil surface and 3- Investigating 
the role of organic materials on the soil physical and 
chemical properties.

2. Material and methods

2.1 Location of the study area

The study area is shown in Figure 1. The study area, 
comprising a climatic gradient in the range of 80 km, 
is located in the eastern part of Golestan province, Iran.

Figure 1. Geographical location of the study area.
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Soil parent materials are loess and reworked loess. 
The study areas included udic, aridic and xeric mois-
ture regimes, and thermic and mesic temperature re-

gimes. Summary of the climatic data of the soil study 
are given in Table 1.

2.2 Vegetation and land use

Vegetation in the study area included shrubs and 
weed plants. To reduce the effect of different vegeta-
tion and land use, lands selected with the same land 
uses and vegetation.

2.3 Field working and soil sampling

According to purpose of the study i.e. carbon stock 
and mineral factors controlling organic carbon along 
precipitation and temperature gradients, the total 
number of 7 samples (20-0 cm) with three replica-
tions were collected in a climatic gradient. Soil sam-
ples from 0–20 cm were air-dried and sieved through 
a 2 mm sieve. The following analyses were perfor-
med: Particle size distribution was determined by the 

Bouyoucos hydrometer method (Bouyoucos, 1962). 
Organic carbon was measured according to Nelson 
(1982). The soil pH was measured in saturation paste. 
Electrical conductivity was determined in the satu-
ration paste extract (Page et al. 1982). Bulk density 
(BD) was measured by using method of Brasher et 
al. (1966).

Cation exchange capacity (CEC) was determined 
using sodium acetate (NaOAc) at a pH of 8.2 (Cha-
pman, 1965). The carbonate calcium was measured 
by using method of Page et al. (1982). Mean weight 
diameter (MWD) was measured using wet sieving 
(Kemper and Rosenau, 1986). Dithionite-extractable 
Fe (Fed) was measured for bulk soil samples (<2 
mm) using the method of Mehra and Jackson (1960). 
Oxalate-extractable Fe (Feo) was estimated using the 
ammonium oxalate extraction solution and the oxa-

Table 1. Climatic properties and soil classification (Soil Taxonomy, 2010) of soils studied.

Soil  
classificationP/ET°

Moisture-  
Temperature 

regimes

Predominant 
climate

(mm) 
ET°

Annual  
temperature 

(C°)

Annual  
precipitation  

(mm)
Sample

Typic  
Argiudolls0.8Udic-MesicMoist1077158621

Typic  
Haploxerolls0.65Xeric- 

ThermicSemi-Moist113017.57352

Typic  
Haploxerepts0.5Xeric- 

ThermicMediterranean114418.45723

Typic  
Calcixerepts0.4Xeric- 

ThermicSemi-Arid106718.44274

Typic  
Haplocalcids0.3Aridic- 

ThermicSemi-Arid128718.43865

Typic Haplo-
cambids0.25Aridic- 

ThermicSemi-Arid117617.92946

Typic  
Torriorthents0.2Aridic- 

ThermicArid132017.92647



Journal of Soil Science and Plant Nutrition

Soil organic carbon preservation

lic acid (pH=3) method was performed by Mckeague 
and Day (1966). Extracts were measured using atomic 
absorption spectrometry (Unicam AAB-919) and then 
iron concentration was calculated.

2.4 Mineralogical analyses

Removal of chemical cementing agents and separa-
tion of clay fractions was carried out according to Me-
hra and Jackson (1960), Kittrick and Hope (1963) and 
Jackson (1975). X-ray diffraction (XRD) studies were 
carried out using a Philips diffractometer on both fine 
and coarse clay fractions, while equal concentrations 
of clay suspensions were used for all samples in order 
to allow a more reliable comparison between relati-
ve peak intensities for different samples. The (00l) 
reflections were obtained following Mg saturation, 
ethylene glycol solvation and K saturation. The K-
saturated samples were studied both after drying and 
heating at 330 and 550ºC for 4 h. To identify kaolini-
te in the presence of trioctahedral chlorite, samples 
were also treated with 1 N HCl at 80ºC, overnight. 
The percentages of the clay minerals were estimated 
according to Johns et al., (1954).

2.5 Organic carbon content in different aggregate 
sizes

SOC in aggregate size was conducted after aggregate 
separation by wet sieving. The soils were wet sieved 
through a series of three sieves (2, 0.25 and 0.053 
mm). The method used for aggregate size separation 
was performed by Cambardella and Elliot (1993). A 
100-g subsample (air dried) was submerged for 5 min 
in room temperature deionized water, on top of the 2 
mm sieve. Aggregations separation was achieved by 
manually moving the sieve up and down 3 cm with 
50 repetitions during a period of 2 min. After 2 min 
cycle, the stable > 2 mm aggregates were gently back-

washed off the sieve into aluminum pan and other sie-
ves similarly were washed. The aggregates were oven 
dried (50˚C), weighed and amount of organic carbon 
was measured in different aggregate sizes by using 
method of Nelson (1982). Aggregation was classified 
as coarse aggregation (0.25-4 mm) and fine aggrega-
tion (0.053-0.25 mm). The amount of organic carbon 
that was related to aggregation size finer than 0.053 
mm (Clay + Silt particles) was subtracted from the 
total organic carbon.

2.6 Specific surface area measurement

Specific surface area was measured according to 
Carter et al., (1986). As organic material can affect 
estimation of SSA, it was first eliminated using pe-
roxidation. For this, a 10% (by volume) solution of 
H2O2 was added continuously and the samples heated 
(70°C) until conspicuous effervescence had stopped 
and the solution got clear. The method used to mea-
sure SSA was an adapted version that developed by 
Carter et al. (1986), which employs ethylene glycol 
monoethyl ether (EGME). This method allows the de-
termination of the internal SSA of smectites. SSA was 
calculated from the formula below (equation 1):

	                   (1)
 
Where A is SSA (m2 g-1), WEGME is the weight of 
EGME retained by the sample (g), Ws is the weight of 
the sample (g) and 0.000286 is the weight of a mono-
layer of EGME (g) on a square metre surface.

2.7 Labile organic carbon measurement

Separate soil samples (<500 µm) containing 15 mg C 
were shake for 24 hour in 25 mL of 33 mM KMnO4 
with repetition 12 (rpm). The oxidation of organic 
matter was measured by the change in KMnO4 con-
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centration, measured at 565 nm (Spectrophotome-
ter), the KMnO4 concentration from the samples and 
blanks was determined using the standard calibration 
curve, and the results expressed as mg C g soil-1. The 
amount of POC in the sample was calculated as be-
low (equation 2):

     
                                                            (2)        

Where mM Blank and mM Sample are the concen-
trations (mmol L-1) of KMnO4, the blank and sam-
ple, respectively, determined from the standard re-
gression curve: 50/2 = the dilution factor (mL mL-1); 
25= the volume (mL) of KMnO4 added to the soil 
sample; 9 = the amount of C oxidized for every mole 
of KMnO4 (g mol-1 or mg mmol-1) (When Mn+7O4

- is 
reduced to Mn+4O2 and C is oxidized from the natu-
ral state (0) to C+4 three moles of C are oxidized for 
every four moles of Mn+7 reduced) (Tirol-Padre and 

Ladha, 2004). Maximum loss of OC for each soil was 
estimated through POC and BD.

2.8 Data analysis

Statistical analyses of the results were conducted 
using SAS program (1999). Correlation and linear 
regressions were performed between OC, MWD, 
POC, Feo, Fed, SSA and P/ET. Analysis of variance 
was used to compare the amount of the organic car-
bon in different aggregation sizes and the amount of 
the losses potential organic carbon in different profi-
les. Moreover, the LSD procedure was conducted to 
compare means of the organic carbon in different ag-
gregations size and the amount of the losses poten-
tial organic carbon in different profiles at p < 0.01.

3. Results and discussion

The results of physico-chemical properties of the soils 
studied have been presented in Table 2.

Table 2. Physico-chemical properties, Dithionite-extractable Fe (Fed), oxalate-extractable Fe (Feo) and SSA of 
the soils studied.

TextureSSA  
(m2 g-1)

Feo 
%

Fed 
%

CEC
(cmol  
kg -1)

CCE 
%SandSiltClaypHEC

(dS m-1)
OC 
%Sample

SiCL126.610.420.0327.82.17.5060.0032.506.90.802.741

SiCL132.700.500.3134.82.610.8348.3740.807.50.891.632

L51.500.170.8017.67.632.5045.0022.507.51.401.663

SiCL84.730.100.4122.215.117.5050.0032.507.51.421.644

SiL78.690.060.4418.610.110.8363.3325.837.51.600.855

SiL55.630.060.2712.817.613.3065.9020.807.63.280.736

SiCL51.730.050.019.619.64.2063.3332.507.63.130.347
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Electrical conductivity (EC) of the soils showed a re-
verse trend with increasing temperature and decrease 
in rainfall. EC varied from 0.8 dsm-1 in soil 1 to 3.28 
dsm-1 in soil 6. pH was in weak alkalinity range due to 
the parent materials rich in lime. The lower pH in soil 
1 is because of the increase in organic carbon content 
which consequently increases CO2 that can control 
the pH. Natural phenomenon such as free CO2 due to 
the plant root and microbial respiration also can be 
the controlling factors of soil pH (USDA – NRCS, 
1999). Soil texture varied from loam- to silty clay 
loam. In addition, with temperature increase and ra-
infall decrease, silt particles increased. CEC decrea-
sed from 34.8 cmol Kg-1 in soil 2 to 9.6 cmol Kg-1 

in soil 7. Considerable increase in clay percentage in 
soil 2 could explain the increase in CEC in soil 7. The 
amount of the CaCO3 is 2.1% in soil 1 and 10.6% in 
soil 7 that shows non-leaching environment from sur-
face horizons. Motamed (1997) states the loess mate-
rials contain the high lime percentage.

3.1 Organic carbon stocks in different aggregates

Organic carbon is trapped in different aggregates si-
zes including coarse aggregates (0.25 – 4mm), fine 
aggregates (0.25 - 0.053 mm) and aggregate smaller 
than 0.053 mm. The amounts of organic carbon for 
each size were measured in each sample (Table 3).

Table 3. Amounts of organic carbon measured in different separate aggregates (g kg-1).

Soil profiles
Aggregate size

7654321
1.600.552.603.650.550.859.15> 0.053 mm
0.851.352.151.104.455.353.150.053 – 0.25 mm
0.955.453.8011.6511.6010.1015.050.25 – 4 mm
3.407.358.5516.4016.6016.3027.40OC (g kg-1)
0.170.360.471.440.640.571.72MWD

Analysis of variance was performed to compare the 
amount of different organic carbon in soils of diffe-
rent sizes (Table 4).

Table 4. Analysis of variance of organic carbon in 
samples and different size fractions.

FMSdfS.O.V
282.73**42.416Sample
1012.2**151.832Size
111.86**16.7812Sample × size

-0.1521Error
--41Total

** Correlation is significant at p < 0.01.

The result showed that the amount of organic car-
bon among samples and different sizes had signifi-
cant difference and also mutual effect of sample size 
on the amount of organic carbon was significant (p 
<0.01). Comparison of the amount of organic carbon 
in different samples were carried out for each aggre-
gate size separately (Fig 2a) and also comparison of 
the organic carbon content in different sizes in each 
sample (Fig 2b) was performed with LSD test in 
0.01% probability level.
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Figure 2. Average comparison for the amount of organic carbon.

Higher content of fresh organic material was present 
in coarse aggregates. According to (Figure 2a and 2b) 
with increasing aggregates size, the OC content increa-
sed, which is consistent with other findings (Cambarde-
lla and Elliot, 1993; John et al., 2005). The aggregates 
smaller than 0.053 mm have the less portion of the or-
ganic material (except samples 1, 4, 5, 7). Among the 
amount of preserved OC in particles size of different 
aggregates have significative difference in samples 1, 

2, 3, 4, 6 (p <0.01) but in samples 5 and 7 have not 
found the significative difference in amount of OC. 
Coarse aggregate sizes (0.25 – 4 mm) in all of the sam-
ples have the highest amount of OC (except sample 5 
and 7). Consequently, SOC has been preserved in coar-
se aggregates, fine aggregates and particles less than 
0.053 mm. Based on the result of Brodowski et al., 
(2006), the silt plus clay part cannot contain more OC 
and the main part of SOC (more than 90%) has been 
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preserved in aggregates (Jastrow et al., 1996). Figure 
2b reveals the mean comparison for the amount of OC 
in sizes of the same aggregates for different samples. 
According to Figure 2b, among all samples, the highest 
content of carbon stock was present in the aggregates 
0.25 – 4 mm and < 0.053 mm. In general, aggregates < 
0.053 mm contain the lowest amount of OC stock and 
coarse aggregates (0.25 – 4 mm) contain the highest 

OC stock. An et al. (2010) concluded that in all land 
uses, coarse aggregates (µ 250 – 630 <630 -1000) con-
tained higher amount of the SOC than fine aggregates 
(µm 63 <63-250 <10-250).

Organic material is one of the main factors in 
increasing aggregate stability. Figure 3 shows the 
relationship between aggregate stability (MWD) and 
amount of the OC in surface samples of soils studied.

Figure 3. The relationship between aggregate stability (MWD) and OC content. 

According to Figure 3, with increasing OC content, 
aggregate stability (MWD) increases as well. Chris-
tensen (1986) has reported the presence of a direct 
correlation between amount of the total OC and ag-
gregate stability. Mbagwu and Piccolo (1998) found 
out a positive and significant correlation between fine 
aggregates and Humic acid content.

3.2 Organic carbon stock and its relationship with 
clay minerals

The results of mineralogy of different samples 
showed that illite, chlorite, kaolinite, smectite, ver-

miculite, and mixed layer minerals were present in 
studied samples (Table 5). The results showed that by 
decreasing rainfall there is an increase in the inherited 
minerals. Due to the presence of loess parent mate-
rials, illite minerals are the most dominant clay mi-
nerals (Ajami and Khormali, 2009). Khormali et al., 
(2005) also states the dominance of illite and chlorite 
in parent material loess of Golestan province.
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(Table 5. Mineralogy of the studied soils.)

Mixed layerKaoliniteVermiculiteSmectiteChloriteIlliteSequence of 
mineralsSample

-4 (10)9 (25)9 (25)4 (10)11 (30)I>S=V>Ch=K1
4 (10)4 (10)-10 (25)8 (20)14 (35)I>S>Ch>M=K2
1 (5)3 (15)-2 (10)6 (25)10 (45)I>Ch>K>S>M3

-5 (15)-3 (8)11 (34)14 (43)I>Ch>K>S4
-5 (20)--8 (30)13 (50)I>Ch>K5
-4 (20)--7 (35)9 (45)I>Ch>K6
-3 (10)-3 (10)10 (30)16 (50)I>Ch>S=K7

The numbers in the parentheses are the mineral percentage of the clay fraction.
I= Illite, V= Vermiculite, Ch= Chlorite, S= Smectite, K= Kaolinite, M= Mixed layer.

Table 6. Results of relationship between soil minerals with SOC and (clay/ OC) ratio.

Ratio (clay/ OC)SOC (%)
No. SamplesMinerals

Significant probabilityCorrelationSignificant 
probability

Correlation 
coefficient

0.210.530.01-0.877Illite
0.58-0.330.290.595Smectite
0.490.310.05-0.797Chlorite
0.55-0.270.36-0.417Kaolinite

The SOC was correlated with clay mineralogy, i.e. 
illite, chlorite, kaolinite, and smectite separately. 
Vermiculite and mixed layer minerals exist in little 
amounts.

Shahriyari (2009) showed that the ratio of OC on clay 
can represent the part of the soil particles that is rela-
ted to organic carbon. Table 6 stands for the results of 
the correlation studied.

The relation between illite percentages and SOC at 
surface (1%) was significant and showed the nega-
tive correlation. This mineral existed in all samples. 
There was no significant relationship between illite 
percentage and the OC of the clay fraction.

Moreover, there was not any significant relations-
hip between smectite content and OC. A significant re-
lationship was observed between chlorite content and 
SOC in the level (5%). There was not any significant 
relationship between kaolinite content and SOC. This 

mineral was present in all samples. The result revea-
led that except for the illite and chlorite minerals, none 
of the minerals had a significant relation with OC. In 
addition, none of the minerals had the significant rela-
tionship with Clay/OC ratio. Illite and chlorite mine-
rals had the highest correlation with OC according to 
Wiseman and Püttmann (2006). They expressed that 
illite and chlorite by causing high amphoteric proper-
ties in the broken edges tend to absorb the OC. Kaoli-
nite mineral has the lowest correlation with SOC. This 
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could be related to its little SSA and weak exchange 
properties.

Shahriyari (2009) did not find any significant rela-
tionship between SOC and kaolinite, chlorite, smectite, 
illite, vermiculite and mixed layer minerals. Based on 
the results, Clay/OC ratio had a significant relationship 
with chlorite, smectite and mixed layer minerals. In the 
present study, rainfall and temperature were the main 
controlling factors of SOC. Bravo et al. (2007) expres-
sed that the soil organic material is controlled by clima-
tic factor essentially under the same climate situation; 
the texture of soil surface cause the accumulation of the 
organic material.

3.3 The relationship between soil organic carbon 
and iron oxide and hydroxides

The amount of the extractable iron with ammonium 
oxalate and sodium dithionite were determined and 
reported as iron oxides in Table 2.

The analysis of the relationship between SOC and 
Feo showed a significant and positive relation. The 
correlation coefficient was 0.73 in the 1% level (Fi-
gure 4a). The relationship between SOC and Fed was 
not significant (Figure 4b).

Figure 4. Relationship between SOC with a) Feo and b) Fed.
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The soils with different charge such as Oxisols and 
Aridisols have the weak relationship with the amount 
of organic material since organic material is fixed in 
these soils with iron oxides and allophane (Martin and 
Haider, 1986). According to Figure 4a, 55% of Feo 
controls the OC.

Jardine (1989) showed that amorphous and nona-
morphous iron oxides and hydroxides in two different 
soils kept 50 -70% of solution OC. The remaining 
portion had been adsorbed, by other minerals and clay 
particles especially kaolinite. Shahriyari (2009) stu-
dying the Mollisols and Mollic subgroups, expressed 
the relation between SOC and Feo and Fed was not 
significant. Wiseman and Püttmann (2005) expressed 
there was a significant relation between the amount 
of OC and Fed and Feo showing the importance of 
oxides in OC fixation. Probably the relation between 
fed and the amount of the OC is related to presence 
of amorphous iron in the studied soils and the high 
affinity for OC fixation. The desirable drainage of stu-
died soils can stabilize high amount of iron oxides. 

The results showed that the amount of iron oxides de-
crease under undesirable drainage situation (Rich and 
Obenshain, 1995).

3.4 The relationship between soil organic carbons 
and soil specific surface area

The results of the SSA of samples are presented in 
Table 2. Christensen (1992) has suggested the calcu-
lation of SSA for clay and fine silt in soils. Therefore, 
Clay/OC ratio and Silt+Clay/OC ratio were correlated 
with the soil specific surface area (Table 2). The result 
of SOC and soil specific surface area showed that the 
relationships between these two factors were signifi-
cant and there was a positive correlation (Figure 5). 
Wiseman and Püttmann (2005) expressed that just 
SSA for the changing of OC was not enough. Also 
this group of researchers in studying relation of speci-
fic surface with amount of OC in B and C horizons in 
Umbrisol found the significative correlation between 
two factors.

Figure 5. Relationship between SOC and SSA.
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According to the above explanations, the relations-
hip between Clay/OC ratio and specific area was not 
significant (Figure 6a). There was not any significant 
relationship between SSA and silt+clay/OC ratio 
(Figure 6b).

3.5 Estimating the different types of organic carbon 
and total soil carbon stock

F or this propose, the amount of oxidizable OC with 
potassium permanganate was evaluated for the soil 
studied (Table 7).

Figure 6. Relationship between SSA and a) ratio of clay/OC and b) ratio of silt+clay/OC.
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(Table 7. Labile OC and potential loss of OC, inorganic carbon and estimated stored total carbon in the soils studied.)

Stored total 
carbon (g 

0.2m-3)

potential loss of  
organic carbon  
(Mg/ha/20cm)

BD
 (kg m-3)

Inorganic 
carbon 
(g kg-1)

Labile organic 
carbon (g kg-1)

Soil  
organic

 carbon %
Sample

8265.546.1213802.5516.6427.41
7139.241.8918403.1511.3816.32
7254.421.8614109.157.7516.63

10561.925.98153018.158.4916.44
6262.416.60152012.155.468.55
8521.111.45150021.153.827.36
6998.91.28130023.550.493.47

SOC decreased by decreasing rainfall and increasing 
temperature. The lowest amount of labile OC found 
was 0.49 g kg-1. This sample had the lowest amount 
of SOC (Sample 7). The highest amount of labile OC 
16.64 g kg-1 was related to the sample containing the 
highest SOC (Sample 1). Lal et al., (1995) expressed 
that the majority of the labile and non-labile OC are 
related to Mollisols and Inceptisols, respectively. This 
amount of non-labile OC is reasonable in these soils. 
The potential OC loss is variable between 1.28 to 
46.12 Mg h-1 for 20 cm depth. The amount of OC loss 
potential in soils containing the fresh and decomposa-
ble organic materials is higher. Controlling this phase 
of OC is therefore very essential since it determines 
the amount of the released carbon into the atmosphere 
(Table 8).

The results of analyses of variance between different 
amounts of OC loss potential for each sample showed 
a significant difference.

Table 8. Analyses of variance of the loss potential of 
organic carbon in soils studied.

FMSdfS.O.V
12.21**515.066Sample

-42.157Error
** Correlation is significant at p < 0.01

Figure 7 shows the results of the mean comparison for 
the loss potential of OC for different samples. As ob-
served, the highest and the lowest average are related 
to sample 7 and 1. 
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Figure 7. Mean comparison for the loss potential of OC for different samples. (Columns with similar letter do not 
have significant difference in probability level of 1%.

Since organic materials increase with temperature 
increase and rainfall decrease (climate index P/ET˚), 

therefore the loss potential of OC has a positive rela-
tionship with climate index (Figure 8).

 Figure 8. Relationship between climatic index and loss potential of organic carbon.

3.6 Estimating the amount of total organic carbon 
stock

Total OC stock was calculated using inorganic carbon 
(CCE), BD, and the OC at the 20 cm2 for each sam-
ple (Table 7). The lowest amount of total soil OC stock 

equals 6262.4 g in 20 cm3 related to sample 5 and the 
highest amount equals 10561.9 gr in 20 cm3 related to 
sample 4. Sample 4 has the highest total carbon stock 
among studied samples. Both high inorganic carbon 
(CaCO3) and OC were high in this sample. The impor-
tant part of total carbon stock in most of these samples 
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is related to inorganic carbon. Thomson et al., (2008) 
showed that the soil carbon sequestration arrives to 
0.5 to 0.7 Giga ton carbons in year in agricultural soils 
(0.21 Giga ton carbons in year), reforestation (0.31 
Giga ton carbons in year) and pasture (0.15 Giga ton 
carbons in year) in the middle of 21 century. 

4. Conclusions

The results obtained from the seven soils investigated 
showed that there is a strong relationship between OC 
content and climatic factors and also the relationship 
between OC content and mineral factors has been 
overemphasized in the literature. As a matter of fact, 
in a climatic gradient primarily climatic factor con-
trolled OC content mineralization and accumulation. 
As shown here, such mineral interactions may play a 
significant role in OC stabilization, by forming com-
plexes or aggregates which helps to protect organic 
material from mineralization. In light of the results, 
Aggregate formation was associated with increased C 
storage as C contents increased with aggregate size in 
most cases and C contents in all aggregate fractions. 
The important part of total C stock in most of these 
samples is related to inorganic C. As a result, pastures 
have the controlling role to achieve this goal. Appro-
priate management of pastures therefore is an effecti-
ve strategy in preventing the carbon loss by increasing 
the soil C. 
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