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Abstract—This study was conducted in order to 

determination of soil potential for carbon emission in the Abyek area 
of Qazvin province, Iran. The study area is located between 50º 18´ 
to 50º 24´ E and 36º 00´ to 36º 09´ N. This study characterized the 
spatial variation in average amount of susceptible organic carbon 
(SOC) to emission, related to geoforms, soil taxon and major kind of 
landforms (MKLU). Field investigations were carried out with 
digging and describing 32 profiles and 27 mini pits during early 
April. The soil attributes that were measured included; pH, electrical 
conductivity (EC), CaCO3, organic carbon % (wet digestion and 
combustion methods), soil texture, saturation percentage and active 
carbon. The results revealed that the average of SOC to emission in 
Highglacis, undulated geoform with pasture land use, Highglacis, flat 
with pasture land use, Middle glacis with both pasture and agriculture 
land uses, Lowglacis with both pasture and agriculture land uses and 
depression with pasture land use were 1.9, 1.48, 2, 1.9, 2.1, 1.1 and 
1.8 ton/ha, respectively. The average of SOC to emission in Enisols 
and Inceptisols were determined 0.8 and 1.3 ton/ha, respectively. In 
addition, Calcixerepts and Haploxerepts have had the average of 
SOC to emission about 1.3 and 1.5 ton/ha, respectively. This 
characteristic in the soil family textural classes of Fine-loamy, 
Sandy-skeletal, coarse-loamy, Loamy-skeletal and Fine were 
calculated about 0.04, 0.06, 0.06, 0.02 and 0.03 Kg/m2, respectively.  
 

Keywords—Abyek area, Carbon emission, Geoform, land 
use, soil family.  

I. INTRODUCTION 

N the past, the development of agriculture was the main 
cause of the increasing CO2 concentration in the 
atmosphere, but now human activities including combustion 

of fossil carbon, deforestation and increase in pasture and 
cultivated lands is the main cause of the increasing CO2 and 
other greenhouse gases concentration in the atmosphere. 
Before 1860, the concentration of CO2 in the atmosphere was 
about 260 mg/kg but at present, it increased to about 360 
mg/kg. The amount of carbon in living organisms is slightly 
less than amount of carbon in the atmosphere (500×109 MG) 
and the amount of carbon are estimated to be around 
1500×109 MG. Naturally, in a year the rate of vegetation 
residue decomposition is equal to vegetation production. 
However, from the late eighteenth century changed the 
equilibrium. For this reason, the emission of carbon dioxide 

 
 

into the atmosphere gradually increased.  
Active carbon is an intermediate of fresh organic materials 

and soil organic matter that is stable. This mixture contains 
substances with high C/N ratio and short half-life, which 
under the condition of landscape, soil type, and climate have 
the ability to emission to atmosphere immediately after add 
the new organic materials to the soils. According to scientific 
literature, this part of the soil organic carbon compared with 
other forms of soil organic carbon can be changed faster to 
carbon dioxide and easily can be emitted to atmosphere. Soil 
active carbon in addition to climate is also dependent to the 
total amount of soil carbon and clay [1, 3]. The status of soil 
active carbon is influenced rapidly by changing environmental 
conditions. With adding new organic materials into the soil 
the content of active carbon strongly increase and with 
improper management practices its content in the soil decrease 
rapidly [7, 8, and 19]. The overall trend of active carbon in the 
soil is generally decreasing and its amount in the soil 
depending on the type of organic matter and environmental 
conditions in each region tends to equilibrium. Time required 
to contribute half of the added organic matter to the soil in 
microbial metabolic processes can vary from a few weeks to 
several years [11, 22]. Identifying and measuring the amount 
of active carbon has a prominent role to assess the impact of 
agriculture activities on carbon dioxide entering into the 
atmosphere and global warming [16, 17]. In this study the 
amount of SOC to emission were investigated in different 
kinds of soils, different kinds of land uses and different kinds 
of geoforms recognized in the study area. 

II. MATERIAL AND METHODS 

General Description of the Study Area 
Abyek Area is located in the east part of Qazvin city (capital 
of Qazvin County). The study area is located between 50º 18´ 
to 50º 24´ E and 36º 00´ to 36º 09´ N (Fig. 1). The area covers 
16,031 hectares. The study area has a cool weather, with cold 
winters and relatively modest summers. The precipitation data 
available for Qazvin synoptic station indicate that rainfall 
occurs in regular wet and dry cycle. In an average year, about 
325.47 mm of rain fall on Qazvin. The mean annual air 
temperature is about 13.43°C, the mean maximum 
temperature is 20.51°C, and the mean minimum is 6.34°C. 
Calculation meteorological data by Newhall software showed 
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that soil moisture and temperature regimes of the study area 
are Dry-xeric and Mesic, respectively [4, 5]. Quaternary 
sediments (Old alluvium and high terrace and young 
alluvium) derived from the surrounding sedimentary rocks, 
and other formations cover most part of the study area. These 
formations occupy 95% of study area. The remaining 5% is 
related to Eocene outcrops. Currently, the main land use is 
agriculture especially in central parts of the study area. 
Irrigated farming is common practice. The main irrigated 
crops are Wheat, Barley, and Canola, different spices of Peas, 
Clover and Alfalfa. Pasture located on a secondary important 
land use which is expanding around the North, North West 
and partly in the South of study area. The native vegetation of 
the area consists of many species, with a zonal distribution 
depending on the topography, hydrology and soil condition, 
among other factors. 
 

 
 

Fig. 1-Location map of the study area 
 
 
Methods 
Arial photo interpretation and soil mapping was carried out 
following a geopedological [24]. Black-and-white aerial 
photography flown in 1956 at a scale of about 1:50,000 were 
interpreted and a photo-interpretation map was produced. 
Geoforms of the study area and their lithologic composition 
were recognized and combined together as a digital layer. 
Therefore, a base map was provided for soil studies. This map 
was used to select the pedon location for soil characterization. 
In total 58 observation points including 31 modal profiles and 
27 mini-pits were described in detail. These pits were then 
sampled for laboratory determination. Soil descriptions were 
based on the Field Book for Describing and Sampling Soils 
[20]. The soils were classified at family level according to the 
USDA soil classification system [21].  

The laboratory determinations were carried out following 
standard laboratory methods. After air-drying, the soil samples 
were sieved at 2 mm and analyzed for different properties. 
Soil samples were analyzed for pH (Electrode method) [14], 
electrical conductivity [14], calcium carbonate equivalent 

(CaCO3) [15], organic carbon (with two methods including 
wet digestion [14] and  combustion [3] ), soil texture (sand, 
silt and clay) [10], saturation percentage (SP = the amount of 
water needed to saturate a given volume of a soil) [7], gypsum 
(acetone method) [18] and active carbon (oxidation with 
potassium permanganate) [15].  

For the purposes of this study, soil map combined with land-
use map. 
 

III. RESULTS AND DISCUSSION 

Obtained results from integration of soil map prepared by 
geopedologic approach and land use map of the study area are 
presented in table 1. As shown in the table, five kinds of 
geoforms including (1) High glacis, undulated, (2) High 
glacis, flat, (3) Middle glacis, (4) Low glacis and (5) 
Depression identified in the study area. Averages of SOC to 
emission are represented at the table according to the kind of 
geoforms and land use types. Pasture is the major kind of land 
use in High glacis, undulated geoform. This map unit covers 
about 1199 ha, corresponding to 0.34 % of the study area. The 
Average amount of SOC to emission in this map unit was 
measured about 1.9 Ton/ha. High glacis, flat unit occupy an 
area of about 2434 ha, corresponding to 15 % of the study 
area. Pasture is the major kind of land use in this map unit, 
too. The Averages amount of SOC to emission in this map 
unit was measured about 1.48 Ton/ha. 
  
Table 1. Geoforms and land uses identified in the study area and their 

corresponding average amount of SOC to emission 

Average amount of 
SOC to emission 

(Ton/ha) 
Area (%) Geoforms 

Cul. Pas. **Cul. *Pas.  

- 1.9 - 0.34 High glacis, undulated 

- 1.48 - 14.92 High glacis, flat 

1.9 2 39.2 2.6 middle glacis 

1.1 2.1 19.6 3.46 Low glacis 

- 1.8 - 6.5 Depression 

3.7 9.2 58.8 27.8 Sum 

* Pas=Pasture 
**Cul=Cultivated lands 

 
The middle glacis covers about 6741 ha, corresponding to 
42% of the study area. In this map unit, two kinds of land use 
including pasture and cultivated lands were identified. 39% of 
the total surface of this map unit comprises cultivated lands 
and the rest 3% belong to pasture. The average amount of 
SOC to emission in this map unit for each cultivated lands and 
pasture were measured about 2 and 1.9 Ton/ha, respectively. 
The low glacis covers about 3866 ha, corresponding to 24 % 
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of the study area. Similarly, 19.6% of the total surface of this 
map unit comprises cultivated lands and the rest 3.46% belong 
to pasture. The average amount of SOC to emission in this 
map unit for each cultivated lands and pasture were measured 
about 1.1 and 2.1 Ton/ha, respectively. The depression covers 
about 1062.6 ha, corresponding to 6.5 % of the study area. In 
this map unit, the land use is only pasture. The average 
amount of SOC to emission in this map unit was measured 
about 1.8 Ton/ha. 
 
From the viewpoint of soil taxonomy, the means of SOC to 
emission are presented at three data aggregation levels: order, 
great groups, and family textural class. 
Table 2 gives identified soils in the study area and their 
corresponding average amounts of SOC to emission. 
According to the table, Entisols covers about 1384 ha, 
corresponding to 3.8 % of the study area. The average amount 
of SOC to emission in Entisols was measured about 0.8 
Ton/ha and for total map units covered by this soil was 
calculated about 96.8 Ton. Inceptisols covers about 13614 ha, 
corresponding to 83.14% of the study area. The average 
amount of SOC to emission in this soil was measured about 
1.3 Ton/ha and for total map units covered by this kind of soil 
was calculated about 680.7 Ton. 
 

Table 2. Soils identified in the study area and their 
corresponding average amount of SOC to emission 

*Total 
SOC in 
DMSU 
(Ton)  

Avarage 
SOC 

(Ton/ha) 

Avarage 
SOC 

(Kg/m2) 

Area 

Soil order 
% ha 

96.8 0.8 0.07 3.8 1384 Entisols 

680.7 1.3 0.05 83.14 13614 Inceptisols 

* Total average of susceptible organic carbon to emission in delineated soil map units 

 
Table 3 gives identified soil great groups in the study area and 
their corresponding average amounts of SOC to emission. 
According to the table, Calcixerepts covers about 5446 ha, 
corresponding to 38.5% of the study area. The average 
amount of SOC to emission in Calcixerepts was measured 
about 1.3 Ton/ha and for total map units covered by this soil 
was calculated about 217.8 Ton. Haploxerepts covers about 
7274ha, corresponding to 44.5% of the study area. The 
average amount of SOC to emission in this soil was measured 
about 1.5 Ton/ha and for total map units covered by this kind 
of soil was calculated about 363.7 Ton. 
 
 

 
Table 3. Soil grate groups identified in the study area and their 

corresponding average amount of SOC to emission 

*Total SOC Avarage Avarage Area Soil grate 

in DMSU 
(Ton)  

SOC 
(Ton/ha) 

SOC 
(Kg/m2) 

% ha 
groups 

217.8 1.3 0.04 38.5 5446 Calcixerepts 

363.7 1.5 0.05 44.5 7274 Haploxerepts 

*Total average of susceptible organic carbon to emission in delineated soil map units 

 
Table 4 gives identified soil family textural classes in the 
study area and their corresponding average amounts of SOC 
to emission. As shown, a Fine-loamy textural class covers 
about 6519.8 ha, corresponding to 40.2% of the study area. 
The average amount of SOC to emission in this class was 
measured about 1.1 Ton/ha and for total map units covered by 
this textural class was calculated about 217.8 Ton. Sandy-
skeletal class covers about 555 ha, corresponding to 3.3% of 
the study area. The average amount of SOC to emission in this 
class was measured about 1.6 Ton/ha and for total map units 
covered by this textural class was calculated about 33.3 Ton. 
Coarse-loamy class covers about 3310 ha, corresponding to 
19.8% of the study area. The average amount of SOC to 
emission in this class was measured about 1.7 Ton/ha and for 
total map units covered by this textural class was calculated 
about 198.6 Ton. Loamy-skeletal class covers about 1463 ha, 
corresponding to 8.76% of the study area. The average 
amount of SOC to emission in this class was measured about 
0.6 Ton/ha and for total map units covered by this textural 
class was calculated about 29.26 Ton. Fine class covers about 
1918.5 ha, corresponding to 13.88% of the study area. The 
average amount of SOC to emission in this class was 
measured about 0.95 Ton/ha and for total map units covered 
by this textural class was calculated about 57.55 Ton. 
According to the table, in the study area the greatest potential 
for carbon dioxide emission to the atmosphere is observed in 
Coarse-loamy soil textural class. 
 
Table 4. Soil family textural classes identified in the study area and 

their corresponding average amount of SOC to emission 

*Total 
SOC in 
DMSU 
(Ton)  

Avarage 
SOC 

(Ton/ha) 

Avarage 
SOC 

(Kg/m2) 

Area 
Textural 

class % ha 

11083.7 1.7 0.06 40.2 6519.8 Fine-loamy  

888 1.6 0.06 3.3 555 Sandy-skeletal 

6620 2.0 0.07 19.8 3310 Coarse-loamy 

2574.9 1.76 0.07 8.76 1463 
Loamy-
skeletal 

2302 1.2 0.06 13.88 1918.5 Fine 
*Total average of susceptible organic carbon to emission in delineated soil map units 

 

IV. CONCLUSION 

The influence of geoforms, land use and soil texture on 
variation of SOC to emission capacities and intensity within 
study areas is confirmed. The variation in average amount of 
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SOC to emission within geoform map units is due primarily to 
difference in the geoform shapes and its effects on the 
thermodynamic conditions governing and drainage condition. 
Difference in the amount of rainfall and temperature 
especially according to individual patterned-ground of 
geoforms probably makes active-layer thickness varies within 
and between geoforms. As indicated in table 1, land use 
distribution is generally topography dependent. Cultivated 
lands correspond to middle glacis and low glacis. It is 
apparent that pastures compared to cultivated lands have 
higher average amount of SOC to emission content. The 
smaller amount of SOC to emission in croplands is not 
attributed to landscape and soil characteristics of areas 
selected for cultivation when site condition are comparable. 
This means that land use impacts on soil potential for carbon 
emission to atmosphere. Averaging across all orders for study 
area was presented in table 2. The highest amount average of 
SOC to emission was occurred in Inceptisols. This variability 
in the amount average of SOC to emission among soil orders 
can be attributed to the contrasting nature of soils and 
pedogenesis condition. Inceptisols occur primarily in middle 
glacis, low glacis, and depression and are derived from C-rich 
surface horizons eroded and deposited from surrounding 
uplands, whereas Entisols occur mainly on Highglacis, 
undulating geoform with steep side-slopes and are shallow. 
The Entisols locating in the north and northwest region of the 
study area are occupied by mineral soils that mainly occur on 
more sloping terrain, are better drained, and quickly dried in 
early spring. These parameters among other soil 
characteristics differentiate soil capacities for emission carbon 
dioxide in to the atmosphere. Inceptisols in the study area are 
dominated by Calcixerepts and Haploxerepts. Haploxerepts 
generally occur in level or gently level sloping positions with 
good drainage classes while, Calcixerepts occur in more 
sloping lands than that Haploxerepts. Comparing SOC to 
emission means between Calcixerepts and Hploxerepts in 
table 3 do not show significant difference. As shown in table 
4, soils with loamy-skeletal and Fine textural classes have the 
lowest potential for carbon dioxide emission to atmosphere 
among other textural classes. It is clear that in this kind of 
soils there is not good condition for biological activities for 
various reasons. Loamy-skeletal soils with 35 percent or more 
(by volume) rock fragments and less than 35 percent (by 
weight) clay have very good drainage, permeability, and 
aeration condition. Therefore, they dried more quickly than 
soils with other textures. For this reason, their moisture 
condition is not good in the most of the year for biological 
activities. In the soils with Fine textural class, everything 
changes. These soils have (by weighted average) less than 60 
percent (by weight) clay in the fine-earth fraction. Biological 
activities in this soils restricted because off the lack of suitable 
drainage class and limited aeration. 
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