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Abstract. Global climate change is known to be a result of atmospheric greenhouse gases. Thus, the 

atmospheric greenhouse gases should be reduced to prevent the climate change. Based on this fact, 

scientists have been working to reduce atmospheric greenhouse gases (CO2, N2O, CH4). Due to the 

increases in CO2 emissions in agricultural lands, the interest in scientific research had moved to this field. 

In the present study, the shallow soil CO2-C emissions in Harran Plain were measured. The soil CO2-C 

emissions were measured weekly using the soda-lime method. The Mean soil CO2-C emission was 8.70 ± 

0.57 g m
-2

 week
-1

, according to the results obtained in the study. Climate data from the same period 

obtained that soil moisture was 17.21 ± 2.05% and soil temperature was 12.87 ± 1.80°C. A very 

significant positive correlation was found between soil CO2-C emissions and soil temperature (r = 0.049; 

p <0.01) and there was very significant negative correlation between soil CO2-C emissions and soil 

moisture (r= -0.196; p < 0.01). There was a very strong statistically significant negative correlation (r = -

0.854, p <0.01) between soil moisture and soil temperature. While the soil CO2-C emissions decreased as 

the soil moisture increased, it increased with the soil temperature. 

Keywords: atmospheric greenhouse, carbondioxide emission, terrestrial ecosystems, agricultural 

activities 

Introduction  

Soil respiration, which is an important part of the respiration in the ecosystem, is one 

of the most important processes in atmospheric carbon transport from terrestrial 

ecosystems to the atmosphere. (Fiedler et al., 2015). Carbon equilibrium in these 

ecosystems was defined as the balance between plant carbon loss due to plant and soil 

respiration and plant carbon intake (Beer et al., 2010; Luyssaert et al., 2007; Malhi et 

al., 1999; Le Quéré et al., 2009, 2014; Trumbore, 2006). The equilibrium value, in other 

words, carbon storage and carbon resource behavior of terrestrial ecosystems has been 

of great interest in climate change studies (Hashimoto et al., 2015).  

Since the carbon cycle is a bio-geochemical phenomenon, it was stated that it is very 

difficult to predict the CO2 exchange between the biosphere and the atmosphere due to 

the complex relationships between physical, chemical and biological processes 

(Friedlingstein et al., 2006). Despite this complexity, carbon cycle studies and CO2 

measurements are conducted with different methods at the present time. Patra et al. 

(2013) stated that verification of estimates could only be done at the point scale, in 

addition to the complexity of the system, because reliable data can only be obtained on 

site observations. Today, measurements are generally conducted with chamber-based 
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methods. After measurements were taken, basic modeling was used and the CO2 

emissions were estimated in the period between measurement dates (Beetz et al., 2013). 

The main greenhouse gases that cause climate change and global warming are CO2, 

CH4 and N2O (Wu and Lee, 2011). The fossil fuel use, deforestation, industrial growth 

and agricultural activities increase atmospheric greenhouse gas emissions. The most 

important of these gases that have increased in the atmosphere since the industrial 

revolution, is CO2, which has increased by about 30% since 1750. It is estimated that 

the amount of CO2 was 280 ppm before the industrial revolution and it was 370 ppm in 

1999, and 380 ppm in 2007 (Houghton et al., 2007).  

Efforts to determine the amount of soil CO2 emissions due to agricultural activities 

are increasing rapidly. Sakin and Sakin (2015) determined the average CO2 emissions in 

the clay soil of Sanliurfa-Harran Plain located in the arid and semi-arid Southeastern 

region in Turkey as 5.46 g m
-2

 day
-1

 at 0-5 cm depth based on soil temperature and 

moisture. A positive correlation between soil CO2 emission and soil temperature, and a 

negative relationship between soil CO2 emission and soil moisture were also found in 

the abovementioned study. Zhou et al. (2015) reported that an increase in soil 

temperature and microorganism activities caused increased decay and decomposition. 

High emissions values were determined in studies conducted in arid and semi-arid 

environmental conditions. Allaire et al. (2012) recorded 9.31-11.5 g CO2 m
-2

 day
-1

 

emissions in semi-arid climate shrubland and shrubbery and 5.48 g CO2 m
-2

 day
-1

 

emissions in grasslands. Weekly CO2 emissions fluctuated during the growth season in 

a study conducted in pasture areas in arid regions of China, and it was determined as 

average 2.4 g CO2 m
-2

 day
-1

. In semi-arid regions in Spain, 4.07-15.43 g CO2 m
-2

 day
-1

 

emission was recorded (Curiel Yuste et al., 2003) 

Sakin (2016) measured the CO2 emissions based on soil temperature and moisture in 

semi-arid uncultivated soil in the Southeastern region in Turkey. Based on that study, 

the soil moisture at 5 cm soil depth was 11.66% and the soil temperature was 22.53°C, 

while soil CO2 emission was 7.94 g m
-2

 day
-1

. Soil CO2 emissions has a positive 

correlation with soil temperature and a negative correlation with soil moisture. In the 

study, the maximum CO2 emissions were observed in February and the minimum 

emissions was observed in August. The soil CO2 emissions demonstrated annual 

fluctuations based on climatic parameters. It was stated that the climate change has 

emerged as a result of annual fluctuations. 
Celik et al.(2017) reported in arid and semi-arid climate regions, soil carbon content is 

generally low because of the factors such as insufficient precipitation, low biomass and 

organic carbon intake, high oxidation, use of soil biomass as animal feed, being picked up 

for burning or as fuel. On the other hand, clayey nature of the soils is significant in terms of 

SOC content and accumulation. Clay surrounds SOC, and creates organo-mineral 

complexes, and protects the soil against decomposition and disintegration. 

Turkey has quite large agricultural areas. The objective of the present study was to 

determine shallow soil CO2 emissions due to climatic factors in Southeastern Turkey. 

Material and Method 

Study area 

The study area is a part of “Harran Plain” on South East of Turkey. It is located 

between 37 ° 10 '14' 'N latitude and 39 ° 00' 14 '' E longitude (Fig. 1). The altitude of the 

test area, which is located on a flat and near-flat topography, is 507 m. The region's 
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summers are arid and hot, and winters are temperate and with low-precipitation. 

Precipitation is not sufficient for agricultural cultivation during certain years. The mean 

annual precipitation is 448.11 mm, the annual average maximum temperature is 

measured as 41.12°C in July, and the lowest temperature is measured as 2.41°C in 

February. Annual mean relative humidity was the highest at 92.32% and the lowest at 

33.29% (TSMS, 2016). 

 

 

Figure 1. Location of the study area 

 

 

Laboratory analyses 

It was determined that the soil reaction (pH) of the experimental soil was 7.30, 

electrical conductivity (EC) was 52.60 μS cm
-1

, organic carbon content was 0.8%, 

cation exchange capacity was 35.15 cmol kg
-1

. Among the exchangeable cations, 

calcium amount was the highest and potassium amount was the lowest. The particle 

fractions of the soil included mostly clay-sized particles. 

The amount of soda-lime considered in the studies varies based on the ecological 

conditions, but 50 g of soda-lime was taken for the present study. The study was set up 

in the Faculty of Agriculture experiment area in 3 replicates and the calculations were 

made based on the following equation. 

 

 
   (Eq.1) 
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Where; 

 is the total amount emitted during the incubation period (g CO2 m
-2

 day
-1

); 

 is CO2 adsorbed soda-lime amount (g); 

 is the initial soda-lime amount (g); 

A is the area of measurement (m
2
); 

t is the incubation time (the time past in the field) (day) and; 

WC is water correction number was taken as 1.69. 

Results and Discussion 

Weekly soil CO2-C emissions varied between 6.21-17.22 ± 0.57 g m
-2

 week
-1

, soil 

temperatures varied between 5.33-28.28±1.80°C and weekly soil moisture varied 

between 7.05-29.89 ± 2.05 (Table 1). As the soil moisture increased, soil temperature 

decreased, and as a result, soil CO2 emissions decreased. Maximum soil CO2-C 

emission was determined when the soil moisture was 7.71% and soil temperature was 

18.58°C, while the minimum emission was determined when the soil moisture was 

29.89% and soil temperature was 6.39°C. Soil emissions are not only dependent on soil 

temperature and moisture factors but also on other soil properties. Soil CO2-C 

production was reported to be the result of plant root respiration and microbial 

degradation of organic carbon, and these factors were dependent on the soil temperature 

and moisture (Davidson et al., 2006). In previous studies conducted in the region, it was 

reported that the soil emissions varied based on the soil temperature and moisture, 

consistent with the findings of the present study (Sakin, 2016; Sakin et al., 20015, Sakin 

and Sakin, 2015; Gülle Sakin et al., 2015). 

Soil is a heterogeneous medium that consists of gas, liquid and solid phases and 

varies in depth. The CO2 transport in the soil occurs straight from the bottom to the soil 

surface. Thus, the CO2 transported to the surface is released to the atmosphere. Soil CO2 

density varies based on the depth of the soil. In general, deep soil has a high CO2 

concentration, while in exposed (shallow) soil it is low. The soil CO2 density in deep 

soil is about 100 times (6% -8%) the density on the soil surface. However, the amount 

of CO2 resulting from the activities of organisms and roots is higher in the surface layer 

than in the sub layer (Allaire et al., 2012). Since the surface of the soil is rich in organic 

waste, life prospers more in this layer. Comparisons that were conducted in the present 

study confirmed this fact. In uncultivated fields, soil CO2 emissions were about 20% 

higher than the cultivated areas in the current study. 

 
Table 1. Descriptive Statistics of soil factors (weekly. 

 Minimum Maximum Mean Std. Error Std. Deviation 

CO2 emission (g m
-2

 week
-1

) 6.21 17.22 8.70 0.57 2.40 

Soil Moisture (%) 7.05 29.89 17.21 2.05 8.68 

Soil Temperature (°C) 5.33 28.28 12.87 1.80 7.64 

 

 

In a study conducted in clay textured vineyards in Harran Plain, weekly soil CO2-C 

emissions based on soil moisture and temperature (5.81-21.23 and 5.65-40.88°C) were 

measured between 4.94 - 20.97 g m
-2

 week
-1

. It was stated that the effect of soil 

moisture and temperature on soil CO2-C emissions cannot be ruled out, but the emission 
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is not entirely dependent on these two parameters (Carlisle et al., 2006; Gaertig et al., 

2002; Davidson and Janssens , 2006; Ricardson et al., 2012). CO2 emissions were 

measured in an incubation study that was conducted to determine the correlation 

between CO2 emissions in arid and semi-arid sites and the temperature and humidity 

factors influencing these emissions. Soil specimens were incubated under different 

humidity and temperature conditions and it was found that soil CO2 emissions increased 

by 50% due to different moisture regimes where the soil temperature was kept constant 

(Conant et al., 2004). 

The correlation between the weekly soil CO2-C emissions, soil moisture and soil 

temperature is given in Tables 2 and 3. Based on this information, there was a strong 

negative correlation between the soil carbon emission and soil moisture (r = -0.196; p 

<0.01) and there was a positive correlation between the soil carbon emission and soil 

temperature (r = 0.049; p <0.01). As the soil moisture increased, soil temperature and 

activity decreased, and the opposite was true for soil temperature. Soil temperature and 

moisture should be at a suitable level for living organisms in the soil. It is considered 

that living conditions of plant roots and organisms are suppressed at extreme conditions. 

 
Table 2. Correlations between soil factors 

Soil factors  Soil Moist. (%) 
Soil Temperature 

(°C) 

CO2 emission (g m-2 week-1) 

 

Pearson Correlation -0.196 0.049 

Sig. (2-tailed) 0.00 0.00 

Soil Moisture (%VWC) 
Pearson Correlation 1 -0.854 

Sig. (2-tailed) 0.00 0.000 

 

 
Table 3. One-Sample Test between factors 

Soil factors Test Value = 0                                        

 

t df Sig. (2-tailed) Mean Difference 

95% Confidence 

Interval of the Difference 

 Lower Upper 

CO2 emission (g m-2 week-1) 15.38 106 .000 8.70 7.51 9.89 

Soil Moisture (% VWC) 8.41 106 .000 17.21 12.89 21.53 

Soil Temperature (°C) 7.14 106 .000 12.87 9.07 16.67 

 

 

One of the important sources of soil respiration is roots and the second is the 

microbial respiration (Hanson et al., 2000) and 50% of soil respiration is attributed to 

plant root respiration (Hanson et al., 1993). Carbon decomposition and decay and CO2 

emissions by organisms are dependent on temperature and it was suggested to 

determine this correlation (Davidson et al., 2006). It was stated that the optimum 

temperature for soil respiration and organism activities, 35°C (Cable et al., 2011) is 

sufficient, however in certain areas the temperature is over 35°C. There are also 

researchers who argued that the optimum temperature for optimum soil respiration 

should be above 35°C (Barraon-Gafford et al., 2011). 

In the arid and semi - arid Southeastern Turkey, the soil carbon (C) emissions based 

on soil moisture (12.89 ± 0.56) and soil temperature (18.19 ± 2.07) was measured in the 

clayey soil of Sanliurfa - Harran Plain. There was a positive correlation between the soil 
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CO2-C emissions and the soil temperature, and a negative relationship between soil 

CO2-C emissions and the soil moisture. An increase in soil temperature resulted in an 

increase in microorganism activities, decomposition and decay (Zhou et al., 2015). 

Nobrega et al. (2016) reported that high soil carbon emissions were not related to the 

high carbon content in the soil, but rather were influenced by anthropogenic factors, 

however these factors prevented carbon intake of the soil. As a result, the soil carbon 

emissions results from carbon decomposition by the plant roots and microorganisms in 

the soil. Buerkert et al. (2012) found that soil carbon emissions were 3-5 times the 

initial amount after the first irrigation. 

Sakin et al. (P <0.05) determined a significant positive correlation between CO2 

emissions and relative moisture and the moisture inside the PVC container (p <0.05), 

and a very significant negative correlation between CO2 emissions and relative 

temperature and PVC container internal temperature (p <0.01). An inverse correlation 

was identified between the relative humidity, relative temperature and PVC container 

internal temperature. In a study by Akburak (2008) conducted in the Belgrade forest in 

Istanbul, a weak positive correlation was found between soil CO2 emissions and soil 

moisture and a negative relationship between soil CO2 emissions and soil temperature. 

When soil respiration was above 10% of soil moisture content, a positive correlation 

was found between soil CO2 emissions and soil temperature (p <0.01). On the other 

hand, there was a positive correlation between soil water content and respiration when 

soil temperature was above 16°C in all land uses (p <0.001). In dry periods, there was a 

negative relationship between soil emissions and soil temperature (Almagro, 2009). 

Similar results were obtained in the current study. 

Conclusion 

A very significant negative correlation was found between soil CO2-C emissions and 

soil moisture and a very significant positive correlation was found between soil CO2-C 

emissions and soil temperature. There was a very strong statistically negative 

correlation between soil moisture and soil temperature. The soil CO2-C emissions 

decreased as the soil moisture increased while it increased as the soil temperature 

increased. 

At the point where the soil moisture and temperature are at their maximum, soil CO2 

–C emissions are neither maximum nor the minimum. The soil CO2-C emissions are the 

result of microbial activities of the organic carbon and plant roots in the soil, and the 

activities of the organisms that live in the soil. Thus, soil temperature and soil moisture 

should be optimum for the living beings in the soil. 

The soil CO2-C emissions increase or decrease due to the suppression of the 

optimum conditions for the living organisms in the soil when the soil temperature and 

the soil moisture are minimum and maximum. In studies similar to the present one, the 

objective is to establish measures to determine and then reduce CO2-C emissions. If the 

soil CO2-C emissions decrease with the increase in soil moisture, it does not mean that 

we should keep the soil submerged in water. Or, since the emissions are at the minimum 

under the maximum soil temperature, we cannot keep the soil constantly hot and 

without moisture. Thus, the idea of reducing the soil CO2-C emissions when the 

optimum conditions for the living beings in the soil are not available should be 

developed. 
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Appropriate agricultural techniques should be used to reduce soil CO2-C emissions 

such as no - tillage, direct sowing and conservation agriculture techniques. Carbon 

dioxide measurements from soil should be made more healthful with modern equipment 

and more precise work. In arid and semi-arid climate regions, atmospheric CO2-C 

should be given to the context of atmospheric CO2-C to the soil through irrigation. 
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