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Abstract. Soil plays an important role in global carbon cycle in arid and semi-arid regions. Carbon stocks
(CS) are the most significant and widespread of terrestrial carbon components. As in the past, soil carbon
has still been considered as a soil quality parameter. Knowledge of the soil carbon stock is quite
important for global carbon cycle. Small changes that occur in surface soil where most of the carbon
stock is contained affect atmospheric carbon dioxide (CO,). Soil samples were taken from the pistachio
covered soils at 0-20 cm depth, and were analyzed. As result of the study, it was determined that soil
samples contained 0.07-1.95% soil organic carbon (SOC), and 12.7-42.81% calcareous. Whereas SOC
concentration of the soils was 0.19-4.44 kg C m™, soil inorganic carbon (SIC) concentrations were
determined to be 1.53-14.08 kg C m™. SOC and SIC stocks of the study area soils were identified as 0.17-
0.39 Tg and 0.033-1.25 Tg (1 Tg=10" g), respectively. It was found that SOC content of the soils in arid
and semi-arid regions was lower than moist climate regions. Insufficient precipitation, low biomass and
low level of carbon input into the soil have all caused carbon content to be low. However, it was
considered that the clay and calcareous content of the soil, especially the high clay content, protected
SOC against weathering and decomposition. The correlation between soil parameters, a very significant
and positive correlation was determined between SOC and soil clay content (r’= 0.246, p<0.01).
Keywords: soil quality, carbon stock, pistachio soil, soil surface, organic carbon

Introduction

Soils are the greatest reserve of terrestrial carbon stocks, and the amount in soil is
three times that of vegetation and two times that of the atmosphere. The soils have been
reported to have 1 500 Pg C (Schlesinger and Andrews, 2000) and 1 580 Pg C
(Houghton, 2007) at 1 m depth, and 2 500 Pg C (Amundson, 2001) at 2 m depth.
Carbon content of vegetation was reported to be 650 Pg C by Batjes and Sombroek
(1997), 610 Pg C by Houghton (2007) and atmospheric carbon content was reported to
be 750 Pg C by Batjes and Sombroek(1997) and 800 Pg C by Houghton (2007). In a
study carried out by Janzen (2004), it was reported that the carbon content found under
the soil at 1m depth was mostly in an inorganic form. It is obvious that significant
amount of the ground surface carbon is found in forest cover and ecosystems.

Soils are the largest and most significant pools of soil organic carbon (SOC) in
terrestrial ecosystems. Even the smallest change in soil organic carbon pools affects
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atmospheric carbon dioxide (CO,) (Xu et al., 2011). To determine soil organic carbon
stocks (SOCs), it is necessary to know the significance of the role of the soil in global
carbon cycle (Yong et al., 2007). There is not much information on carbon stocks in
Turkey soils apart from a few studies (Sakin, 2010; Sakin, 2013; Sakin et al., 2015).
And there are no studies carried out on soil surface carbon stocks except from the ones
carried out in local areas (Sakin et al., 2014; Arul Pragasan, 2016).

Determination of soil organic carbon in regional, national and global scales is
important for understanding the changes in carbon emissions (Batjes and Dijkshoorn,
1999; Yimer et al., 2006). It is necessary to determine carbon stocks in different soil
types (Novaes Filho et al., 2007) and different soil depths in order to understand the
risks of global carbon stocks upon global climate change (Egbe and Tabot, 2011). A
significant part of soil organic carbon and stocks are on the soil surface. Carbon dioxide
emissions due to changes that occur or will occur on soil surface creates a great risk
(Yimer et al., 2006). Losses of nature areas and soil ecosystems have a remarkable
economic impact (Martinez et al., 2009; Oladele and Braimoh, 2014). Thus, it is
necessary to have knowledge on SOC dynamics in the ecosystems in different areas of
the world (Garcia-Pausas et al., 2007) and in different depths of soil.

In their study upon surface carbon stocks of the soil (0-5 cm) under different
cultivation conditions (forests, cleared areas, pastureland and forested areas),
Schwendenmann et al. (2007) found concentration of surface carbon stocks as 2.24,
1.56, 1.59, and 2.94 kg C m™, respectively. In their study upon the surface soil (0-20
cm) carbon stocks of the region, Sakin et al. (2014; 2015) determined concentration of
SOC amounts between 1.6-4.36 kg C m™, SIC amounts between 0.00-6.00 kg C m?,
and SOC and SIC stocks between 24.43-65.57 and 0.00-91.62 Tg, respectively.

Pistachio (Pistacia vera L.) is a fruit that is member of Anarcardiaceae genus.
Besides being an important with its fruit, it has also been significant for medical uses in
terms of the essential oil and resin it has. Although the plant has 11 species (Zohary,
1952), Pistacia vera L. is the only species that has production due to its economic return
(Ak et al., 1998). Pistacia species as the wild pistachio has had a wide distribution in
Turkey. Turpentine trees Pistacia terebinthus L. are the most common one among the
wild species (Bilgen, 1973). This could grow in areas that do not require much soil, that
are poor in terms of nutrients and the areas with rocky and calcareous soil. Especially in
regions where the precipitation is insufficient (300-500 mm), pistachio cultivation is
extremely economic.

The purpose of this study, as being different from the abovementioned studies, was to
determine surface carbon stock amounts of the soils (0-20 cm) where pistachio cultivation
is predominant in Turkey (282.334 ha) and in southeastern Turkey (88.507 ha).

Materials and Methods
Study area

The study area was located between Birecik (37° 00" 09' N - 38° 43" 31' E) and
Halfeti (37° 14" 31' N — 38° 00" 33" E) districts on the west of Sanliurfa province in
southeastern Turkey. Birecik and Halfeti districts have an altitude varying between 344
and 360 m (Figure 1). Although the region has a continental climate, it was also
affected by the Mediterranean climate. Winters are warm, and summers are very hot.
The average annual highest temperature has been measured in July (40.2°C) and the
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average annual lowest temperature was measured in January (1.3°C). Annual average
precipitation is 342.5 mm, and this value is quite low for agricultural production.
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Figure 1. Location of study area

The soil property in the study area was included in brown and reddish brown soil
groups. The soils had ABC profile, and contained high amounts of calcium. Therefore,
calcification played an important role in soil formation (KHGM, 1961). Soils were
classified as neutral and low alkali (US. Salinity Lab. Staff, 1954). Soil organic carbon
content of the soils was low, and the soils had no salinity problem (Sakin, 2010). In
general, pistachio vegetation was predominant, and the areas between the trees were
covered with weed.

Methods

The soil samples were collected randomly at 0-20 cm depth from the study area.
Collected soil samples were air dried, and subsequently, sieved through a <2 mm sieve.
Soil sample bulk densities (BD) were calculated using the equation established by Sakin
et al. (2011) (Eqg. 1). Soil surface organic carbon concentrations were calculated using
Equation 2 mentioned below, and Equation 3 was used to calculate carbon stocks.
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BD=19.167-SOM / 11.7 (Eq.1)
SOCd=BDi*SOCi*Di (Eq.2)
SOCs=SOCd*A (Eq.3)

Here in the equations, BD, bulk density (g cm™); SOM, soil organic matter (%);
SOCd, soil organic carbon concentration density (kg m™); SOC, soil organic carbon
(%); Di, depth (cm); SOCs, soil organic carbon stocks (Tg); A, area (m?).

The other analyses were carried out according to texture (Bouyoucus, 1951), cation
exchange capacity (Jackson, 1958), soil reaction (Janzen, 1993), electrical conductivity
(Janzen, 1993), and organic matter (Walkley, 1947) methods.

Results

Descriptive statistics values related to soil parameters were presented in Table 1.
According to these data, SOC content values of the soils were between minimum 0.07%
and maximum 1.95%, and the minimum value for the soils of the area was determined
to be quite low, and the maximum value was high (Jackson, 1958). The soil samples
with low organic carbon content were generally found to be on the southern, rocky and
calcareous area. The samples with high organic carbon content were generally
determined on the north with high precipitation, much biomass and clay soil. Among
the region soil, areas with high SOC content were limited. Such areas were usually
observed in uncultivated areas and in the northern regions where the precipitation rate
was relatively high. Low SOC content in the soils was considered to be the result of arid
and semi-arid nature of the region, low soil carbon input, high decomposition and
disintegration, removal or burning of the stubble waste or their use as a fuel (Sakin,
2010). For instance, it was determined that whereas the surface SOC amount of the soils
in Sirnak was between 0.7-1.36% (Sakin et al., 2016), the amount was between 0.73-
1.69% in Cizre soils (Munis and Sakin, 2013).

Table 1. Descriptive of statistics of soil parameters

Soil Parameters Minimum Maximum Mean Std. Error Std. Deviation
Sand (%) 7.20 42.70 25.72 0.76 7.63
Clay (%) 23.00 50.00 31.81 0.71 7.05
Silt (%) 29.00 54.00 42.43 0.65 6.48
CEC (cmol kg% 20.00 40.00 41.71 1.46 14.69
pH (1:2.5)) 6.95 7.67 7.30 0.013 0.13
EC (uS cm™) (1:5) 0.30 0.82 0.48 0.010 0.106
Calcareous (%) 12.7 42.81 30.15 1.27 12.75
Organic Carbon (%) 0.07 1.95 0.84 0.0495 0.4950
Bulk Density (Mg m™®) 1.15 1.40 1.29 0.0067 0.0678
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SOC Concentration (kg C m™?) 0.19 4.44 2.09 0.11 1.14
SIC Concentration (kg C m) 1.53 14.08 9.28 0.39 3.92
SOC Stocks (Tg, Urfa) 0.17 0.39 0.28 0.0102 0.1015
SOC Stocks (Tg, Turkey) 0.55 1.26 0.59 0.032 0.323
SIC Stocks (Tg, Urfa) 0.033 1.25 0.83 0.035 0.347
SIC Stocks (Tg, Turkey) 0.1052 3.98 2.62 0.11 1.10

Soil EC values were between 0.30 and 0.82 uS cm™, and study area soil had no
salinity problem (Anonymous, 1982). Lack of salt accumulation in the soil was
remarkable for healthy plant growth, crop quality and quantity (Mengel and Kirkby,
1978). Soil reaction was slightly acidic, neutral and slightly alkali (US Salinity Lab.
Staff, 1954). Since the region was arid and semi-arid, these pH values were considered
as normal for the soil of the region.

Only a few studies have been carried out on soil surface carbon stocks of Turkey’s
Southeastern Anatolia Region (Sakin et al., 2014; Sakin et al., 2015; Sakin, 2016).
Thus, comparisons in the present study were conducted with the results of international
studies. In the study area, SOC concentrations varied between 0.19-4.44 kg C m™. Soil
organic carbon concentrations were found to be low in southern areas, and high in the
northern areas. In a similar study carried out by Sakin et al. (2016) in Sirnak area, SOC
concentrations of the soils were calculated as 1.22-2.79 kg m? whereas SIC
concentrations were 1.08-40.36 kg m™. The same authors also reported that soil SOC
contents were similar to those in arid and semi-arid regions’ soil SOC content, and SOC
content was higher in uncultivated areas. It was determined that SOC content of the
samples obtained from uncultivated lands was 1.37% as the highest, while the same
value for cultivated lands was calculated as 0.4%. The region was generally not
expected to have high carbon content since the land was arid and semi-arid. In addition
to high levels of dissolution and disintegration, there was low level of organic carbon
and organic waste input into the soil. There was low level of accumulation due to this
dissolution and disintegration. Because of this characteristic of the climate (aridity), the
soil had low carbon deposit capacity. Sakin (2013) also obtained similar results in the
studies carried out in the region. Furthermore, the researcher reported that soil SIC
content was almost twice the soil SOC content in similar regions. Milne et al. (2007)
stated that soil carbon accumulation rate was not constant and changed based on the
topography, vegetation, climate, and the soil moisture content.

SIC concentrations in the soils collected from the study area were determined to be
between 1.53 and 14.08 kg C m™. Calcerous nature of the pistachio sampling areas
caused high SIC concentrations in these samples. Munis and Sakin (2013) determined
SIC concentrations to be 0.08-7.12 kg m™ in the study they conducted in Cizre region,
Sakin et al. determined SIC concentrations to be 1.08-40.36 kg m™ in the study they
conducted in Sirnak district’s surface soil carbon stocks; Sakin et al. determined surface
SIC concentrations to be 0.0-6.00 kg C m™ in the study they carried out in Diyarbakir
district, Sakin et al. determined SIC concentrations to be 1.97-11.85 kg C m™ in the
study they conducted in Mardin district, and Sakin et al. determined surface SIC
concentrations to be 0.32-26.4 kg C m™ in the study they conducted in Adiyaman
district. In their study upon determining the surface carbon stocks of the soil (0-5 cm)
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under different cultivation conditions (forests, cleared areas, pastureland and forested
areas), Schwendenmann et al. (2007) found surface carbon stocks were 2.24, 1.56, 1.59
and 2.94 kg C m™, respectively. When the findings of this study were compared with
the results of the previous studies carried out in the region, it was observed that the
findings were similar with minute differences. And these small differences were arisen
from the soil characteristics. In other words, it was revealed that these differences were
normal when the soil was assessed in large soil groups. Since there was no lime in the
formation of the soil formed on basaltic main material, these soils had no lime content,
in general.

SOC and SIC stocks of the surface soils in the study area varied between 0.17 and
0.39 (0.28) Tg, and 0.033 and 1.25 (0.83) Tg, respectively. Approximately 2.29 fold
difference was determined between maximum and minimum values of surface soil SOC
stocks. This was considered to be arisen from the factors such as existence of different
topographies, differences in climatic conditions in some areas, vectors (north-south),
and cultivation procedures. Carbon stock deposits were not expected to be accumulated
much in the region since the climate had arid and semi-arid climate. In addition to high
dissociation and disintegration level, there was low organic carbon and organic waste
input to the soil, and these factors were considered to be the reasons behind low carbon
stock values. Accumulation level was low due to this dissociation and disintegration.
Because of these climatic characteristics, the soil had low stock carbon capacity (Sakin
et al., 2016). Sakin (2013) obtained similar results in the study carried out in the region.
Furthermore, the researcher also reported that SIC stocks in the region were
approximately two fold of SOC stocks.

Discussion

In a study carried out for determining surface soil carbon stocks of Adiyaman region,
it was determined that soil SOC stock was 12.69 Tg, SIC stock was 57.23 Tg, and it was
stated that soil SIC stock was 4.5 times more of SOC stock. It was assumed that soil
SIC stocks and SIC/SOC ratio were high due to high soil lime content and low organic
carbon content (Sakin, 2016). In another research carried out in Mardin district, that soil
SOC stocks of the soils in the area were determined to be between 11.31 and 44.51 Tg
and SIC stocks were determined to be between 16.99-102.21 Tg, and soil SIC/SOC
ratio was 2.54. These results were similar to the results of the international studies
(Bouwman, 1990; Paul et al., 1997; Lal, 1995) that stressed significant effects of the
land use systems on SOC pools, and also proved the lack of understanding on the effect
of SIC pool on greenhouse gases. The researchers stated that SIC pools were especially
observed in arid region soils, and SOC stocks were 2 to 5 times higher in these soils.
Similar results were determined to be obtained when the findings of the studies in the
literature and the findings of our study were compared.

The correlation values between soil analysis parameters of the soils in the study area
were presented in Table 2. According to this, there was a very significant correlation
between study area soil % SOC content and soil % clay content (r* = 0.246, p < 0.01),
there was an insignificant positive correlation between soil % SOC content and pH (> =
0.083, p > 0.05), EC (r*= 0.158, p > 0.05) and lime (r* = 0.163, p > 0.05), and very
significant negative correlation with BD (> = - 0.999, p < 0.01). The negative
relationship between soil SOC content and BD was a well-known correlation, and this
was determined by several researchers (Sakin, 2016; Israelsen and Hansen, 1962).
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Table 2. Correlation of soil parameters

Soil parameters

Silt (%)

Clay (%)

CEC

(cmol kg™

pH (1:2.5)

EC (1:5)

SOM (%)

Calcareous (%)

SOC (%)

BD (Mg m?)

SOC (kg m?)

SIC (kg m?)

Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation
Sig. (2-tailed)
Pearson Correlation

Sig. (2-tailed)

Sand (%)

-0,617**
0,000
-0,520**
0,000
-0,250*
0,012
-0,117
0,247
-0,303**
0,002
-0,115
0,254
0,078
0,438
-0,115
0,254
0,115
0,255
-0,115
0,255
0,092**
0,361

Silt (%)

-0,370**
0,000
0,478**
0,000
-0,128
0,208
0,525**
0,000
-0,099
0,331
-0,548**
0,000
-0,099
0,331
0,103
0,312
-0,103
0,309
-0,537**
0,000

Clay
(%)

-0,224*
0,026
0,280**
0,005
-0,205*
0,042
0,246*
0,014
0,498**
0,000
0,246**
0,014
-0,249*
0,013
0,250*
0,013
0,471**

0,000

CEC

(cmol kg™

-0,094
0,351
0,347**
0,000
-0,022
0,828
-0,573**
0,000
-0,022
0,828
0,029
0,772
-0,031
0,760
-0,582**
0,000

pH (1:2.5)

-0,362**
0,000
0,038
0,705

0,326**
0,001
0,038
0,707
-0,054
0,591
0,057
0,571

0,320**
0,001

- 753 -

0,158
0,116

-0,498**

0,000
0,158
0,116
-0,141
0,163
0,137
0,174

-0,529**

0,000

SOM (%)

0,163
0,106
1,000**
0,000
-0,999**
0,000
0,998**
0,000
0,043
0,672

Calcareous

(%)

0,163
0,106
-0,168
0,095
0,169
0,093
0,991**
0,000

soc BD
) (Mgm?)

-0,999**
0,000

0,998**  -1,000%*
0,000 0,000
0043 -0,049
0672 0,629
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0,050
0,620

SOC (Tg)
(Urfa)
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SOC stock (Tg) Pearson Correlation
(Urfa) Sig. (2-tailed)
SOC stock (Tg) Pearson Correlation
(Turkey) Sig. (2-tailed)

SIC stock (Tg) Pearson Correlation
(Urfa) Sig. (2-tailed)

SIC stock (Tg) Pearson Correlation
(Turkey) Sig. (2-tailed)
p<0.05%*, p<0.01**

-0,115
0,255
-0,115
0,255
0,092
0,361
0,092
0,361

Celik et al.: Surface carbon stocks of soil under pistachio cover on southeastern Turkey

-0,103
0,308
-0,103
0,309

-0,537** 0,471**

0,000

-0,537** 0,471**

0,000

0,250**  -0,031
0,013 0,758
0,250**  -0,031

0,013 0,760
-0,582**

0,000 0,000
-0,582**

0,000 0,000

0,056
0,581
0,057
0,573

0,319**

0,001

0,319**

0,001
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0,137
0,174
0,137
0,174

-0,529**

0,000

-0,529**

0,000

0,998**
0,000
0,998**
0,000
0,043
0,673
0,043
0,672

0,169
0,092
0,169
0,093
0,991**
0,000
0,991**
0,000

0,998**
0,000
0,998**
0,000
0,043
0,672
0,043
0,672

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(3): 747-758.

http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1503_747758

© 2017, ALOKI Kft., Budapest, Hungary

-1,000**
0,000
-1,000**
0,000
-0,049
0,630
-0,049
0,629

1,000**
0,000
1,000**
0,000
0,050
0,621
0,050
0,621

0,051
0,617
0,050
0,620
1,000**
0,000
1,000**
0,000

1,000**
0,000
0,051
0,618
0,051
0,617

0,050
0,620
0,050
0,620



Celik et al.: Surface carbon stocks of soil under pistachio cover on southeastern Turkey
- 755 -

In all studies carried out for determining the correlation between carbon soil content of
the soils and BD, a very significant negative relationship was specified between carbon
and BD. In several studies carried out on this correlation, the statistical significance of
the correlation between SOC and BD was determined as r’= - 0.78, p<0.01 (Li et al.,
2007), r’= - 0.9996, p<0.01 (Sakin et al., 2011), and r’= - 0.971, p<0.01 (Sakin et al.,
2015).

Revealing a positive relationship between % clay content of the soils and SOC was
positive. This reflected that especially arid and semi-arid region soils were well aerated,;
SOC could be decomposed in soil under oxidation and long-term insolation (Sakin,
2016). Krull et al. (2013) and Ko&lbl and Kogel-Knabner (2004) reported that the clay in
the soil protected SOC against physical, chemical and biological mechanisms. Clay in
the soil protects SOC forming mineral complexes (Burke et al., 1989). There have been
some researchers stressing that this powerful relationship between soil clay content and
SOC was not global (Percival et al., 2000; Krull et al., 2003). When SOC content of the
soils in the Southeastern Anatolia was compared with the SOC contents of the soils in
arid and semi-arid areas, is the value was higher in southeastern area. This was reported
to be arisen from the rich clay content and limey nature of these soils (Sakin, 2010).

Although clayey nature of the region soil could be considered as a disadvantage at
first sight, this was remarkable in terms of protecting SOC against decomposition and
disintegration. As known, soil poses difficulties for cultivation and cultivation tools
when it contains water over field capacity. When it contains water below field capacity,
this could lead to formation of clods during cultivation. In order to eliminate these
disadvantages, addition of organic waste to soil would be beneficial.

Conclusion

SOC contents of the soils in the study area were determined between 0.07 and
1.95%, and lime contents were determined between 12.7 and 42.81%. SOC and SIC
concentrations of the soils samples were 0.19-4.44 kg C m? and 1.53-14.08 kg C m?,
respectively. Surface SOC stocks of the soils were calculated between 0.17 and 0.39 Tg,
and SIC stocks were calculated between 0.033 and 1.25 Tg. Surface SIC and SOC ratio
of the soils in the study area was 2.29 and within the global average range.

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.

Surface soil, where the most soil organic carbon content (SOC) is found, is important
for plant nutrition areas, and activity areas of organisms, and for factors such as soil
preservation, and water-holding and infiltration capacity. In this sense, adding organic
wastes into the soil could provide positive contributions upon increasing the SOC
content of the soils. This application would improve physical, chemical and biological
properties of the soil in addition to increasing the nutrients in the soil.
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