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Abstract. Changes in land use and land cover directly affect the total organic 
carbon in soil and its health. This study, conducted in Salah al-Din/Tikrit 
Governorate, aimed to assess differences in total organic carbon (TOC), 
particulate organic carbon (POC), mineral-associated organic carbon (MOC), and 
carbon management index (CMI) across four land use types: vegetable crops (L1), 
unused land (L2), wheat and barley crops (L3), and land planted with shrubs (L4). 
The study also sought to test the validity of the CMI in detecting soil degradation 
or improvement following changes in land use. The results showed significant 
differences between the different patterns. Vegetable lands (L1) recorded the 
highest values for POC and MOC compared to unused lands (L2), while wheat and 
barley lands (L3) and shrub lands (L4) had intermediate values. TOC also achieved 
the highest value in L1 (14.43 g kg⁻¹), compared to the lowest level in L2 (5.33 g 
kg⁻¹) due to the absence of vegetation cover. No significant differences were 
found between L3 and L4, but they were lower than L1 and higher than L2. The 
carbon management index (CMI) at a depth of 0–15 cm reached its highest level 
in L1 (57.75%), followed by L3 (43.77%) and then L4 (27.99%), while unused 
land recorded the lowest value (21.34%). The results indicate that intensive 
cultivation of vegetable crops contributes to improving soil properties, while 
uncultivated land suffers from a clear deterioration in organic matter and nutrient 
depletion. 
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INTROUCTION 

The Gypsiferious soil contains more than 5% gypsum (calcium sulfate) in the 
upper layer, this soil in Iraq about 88,000 km2 that make it was very important 
area for agriculture use but it was suffering from many problems such as weak 
structure, poor fertility, drought and the appear hard pan layer and sink holes, 
(AL-Duliami, et al 2020).  These soils are located within arid and semi-arid areas 
that are characterized by high temperatures and rare rainfall. This leads to a lack 
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of vegetation cover, their content of organic matter, and weak biological activity. 
so that it needs a special management and scientific methods to use them in 
agriculture (Khalaf, et al 2021 )  gypsum particle place clay and silt, so we expect 
the weakening of its biological activity because the micro-organisms are 
adsorption on the surfaces of clay and silt particle  

The global decline in soil quality is largely attributable to increasing human 
activities, particularly those associated with land use changes and vegetation 
cover changes .Soil organic carbon has recently gained significant importance in 
soil quality assessment as it greatly influences the chemical, physical, and 
biological aspects of soil. The carbon index has been linked to sound land use 
management and vegetation types. Land use and vegetation types influence the 
amount of carbon in the ecosystem through the quality of residues, 
decomposition, and sedimentation. Altai & Yousif. (2024) 

Soil carbon can be divided into several parts according to its chemical composition. 
The variable part is the organic carbon found in organic and decomposed matter 
and the carbon found in microorganisms in the soil. The first part, which is not 
related to minerals, consists of plant and animal remains that have not yet 
completed decomposition. It is characterized by rapid decomposition and change, 
as well as a relatively lower specific density compared to mineral soil particles. 
Altai & Yousif. (2024). It is agriculturally important despite its low level due to 
climatic conditions and agricultural practices such as plowing and harvesting, the 
lack of added organic matter, as well as overgrazing of grasslands and cutting of 
native trees and shrubs in the region.  

The second part represents mineral carbon associated with soil components and 
minerals, in addition to carbon dioxide gas present in the soil and resulting from 
the respiration of living organisms and the decomposition of organic matter. This 
part is considered the most stable and consistent, accounting for about 90% of 
the total carbon according to particle size distribution. Most studies indicate that 
this stable component, due to its resistance to change, is not significantly affected 
by land use patterns or agricultural management practices. However, other studies 
show that this fraction is more affected than the variable fraction (Khalaf, et al 
2021). 

Mineral carbon is less affected by different management systems, due to its 
protective mechanisms that limit its exposure to external factors, particularly 
through its association and adsorption on the fine surfaces of soil particles. Its low 
degradability is also linked to the predominance of clay particles, which have a 
high capacity to stabilize and strongly retain carbon, reducing the accessibility of 
decomposing microorganisms and limiting the effect of enzymatic activity 
responsible for transformation and decomposition processes (Altai, et al., 2025). 

The current study aimed to evaluate the carbon content and its organic and 
mineral components in gypsum soils with different agricultural uses in the province 
of Salah al-Din, relying on highly sensitive indicators. It also sought to assess the 
degree of soil degradation and its response to different management practices. 
The Carbon Management Index (CMI) was used to assess the efficiency of land 
use in enhancing soil quality, as this index is based on calculating the ratio of 
variable carbon to non-variable carbon. 
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MATERIAL AND METHODS 

Selection of study site. The study area is located within the administrative 
boundaries of Tikrit District, Salah al-Din Governorate, Iraq, between latitudes 
43°39'27.954“E and 43°36'9.913”E and latitudes 34°42'35.68“N and 
34°39'28.655”N. The study area covers an area of 23 km2 and is 119 meters 
above sea level (Figure 1). The climate of the study area is classified as arid and 
semi-arid, with low rainfall rates not exceeding 200-250 mm and high 
temperatures in summer reaching above 40°C. The topography of the area ranges 
from flat to semi-flat. Fig. 1) The soils of the study sites are classified as dry 
Calcigypsid soils with low fertility, loose structure, low moisture retention capacity, 
and poor organic matter content. The predominant agricultural use in the area is 
the cultivation of wheat in winter and vegetables and corn in summer, with most 
of the vegetation being natural.  

 

Figure 1. Map of the study area 
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Sample collection and laboratory work. Sixteen (16) samples were collected from 
four different soil areas on September 25-2019, distributed across the study area 
at a depth of 0-15 cm, according to the nature of the prevailing agricultural use, 
which is land cultivated with wheat and barley crops, land cultivated with shrubs, 
land cultivated with vegetable crops, and uncultivated land. Their coordinates 
were fixed using a GPS device. Electrical conductivity (EC) and soil reaction (pH) 
were measured using soil extract (1:1), as described in Page et al. (1982), and 
gypsum was estimated using the acetone precipitation method, as described in 
Richards (1954). Organic matter was estimated according to Tandon (1998).  

Study factors  

Four types of land use:  

1- Land cultivated with vegetable crops L1 University soil 

2- Uncultivated land L2 Outside the university 

3- Land cultivated with wheat and barley crops L3 Before baling 

4- Land cultivated with shrubs L4 Baling 

5- Four samples were taken from each site R1, R2, R3, R4 

Physical and chemical properties studied  

The soil properties studied in this study included physical and chemical 
characteristics, including total organic carbon (TOC), particulate organic carbon 
(POC), mineral organic carbon (MOC), and carbon management index (CMI), 
across four different land use types. 

The concentration ratio of degradable carbon (labyl) was calculated by dividing its 
value by the total organic carbon for the same land use type. The Carbon 
Management Index (CMI) is an assessment model that illustrates the impact of a 
particular land use type on soil fertility compared to a reference soil with a specific 
use. This index is formulated according to the following equation: 

𝑪𝑴𝑰 =  𝑪𝑷𝑰 ×  𝑳𝑰 ×  𝟏𝟎𝟎 … … …  (𝟏) 

Where CPI refers to the carbon stock index, while LI represents the lability index 
of soil under a given land use type. 

Carbon Pool Index (CPI) 

𝑪𝑷𝑰 =
(𝑻𝒐𝒕𝒂𝒍 𝒄𝒂𝒓𝒃𝒐𝒏 𝒊𝒏 𝒕𝒉𝒆 𝒕𝒓𝒆𝒂𝒕𝒎𝒆𝒏𝒕, 𝒈 𝒌𝒈−𝟏)

(𝑻𝒐𝒕𝒂𝒍 𝒄𝒂𝒓𝒃𝒐𝒏 𝒊𝒏 𝒕𝒉𝒆 𝒓𝒆𝒇𝒆𝒓𝒆𝒏𝒄𝒆, 𝒈 𝒌𝒈−𝟏)
… … … (𝟐) 

Lability Index (LI) 

𝑳𝑰 =  
𝑳

𝑳ᵣ
   … … …   (𝟑) 

where L is the carbon lability of the soil and Lᵣ is the carbon lability of the 
reference soil. 

Carbon Lability (L) 

𝑳 =
(𝑪𝒐𝒏𝒕𝒆𝒏𝒕 𝒐𝒇 𝒍𝒂𝒃𝒊𝒍𝒆 𝑪)

(𝑪𝒐𝒏𝒕𝒆𝒏𝒕 𝒐𝒇 𝒏𝒐𝒏 − 𝒍𝒂𝒃𝒊𝒍𝒆 𝑪)
… … . …  (𝟒) 

 ) Sainepo et al, 2018) 
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Statistical analysis  

Analysis of variance (ANOVA) and least significant difference (LSD) tests were 
performed to compare the means using SAS 9.1.3 software. A statistical 
significance level of P < 0.05 was adopted for evaluating the results. The effect of 
land use and soil depth was studied using two-way ANOVA, while simple linear 
regression analysis was used to explore the relationship between total organic 
carbon (TOC) and its components. 

RESULTS AND DISSCUSION 

Table (1) shows that the hydrogen values were (7.81, 7.51) for the soil samples 
studied, while the organic matter values for the soil samples studied ranged from 
(19.15-7.20) g. Therefore, there is a direct relationship between organic matter 
and hydrogen ion concentration, which is due to the role of organic matter in 
improving the regulatory capacity of soil, especially in gypsum soils, because it 
interacts with bases such as calcium, which is consistent with (Gerritse & Van 
Driel, 1984). 

The electrical conductivity values ranged from 2.22 to 2.84 dS/cm. m-1 for the 
studied soil samples and showed an inverse relationship with organic matter 
content, as the electrical conductivity decreased at the highest organic matter 
content, while it increased to 2.8 dS/cm m-1 at lower organic matter content. This 
is due to the role of organic matter in reducing dissolved salts, as increased 
organic matter helps reduce soil salinity and improve chemical properties. (Singh 
et al., 2023) 

The organic matter values for the studied soil samples ranged from 19.68 to 7.08 
g. kg-1 for soils with gypsum content (28.00, 131.00) g. kg-1. The results indicate 
an inverse relationship between organic matter and gypsum content in the soil. 
This is consistent with the findings of several  researchers:( Araújo et al., 2019: de 
Carvalho et al., 2023 ). 

Table 1 shows the difference in the distribution of soil texture components (sand, 
silt, and clay) with changes in organic matter content. When the organic matter 
content decreases to 7.08 g/kg, the content of silt and clay increases compared to 
when the organic matter content is higher, while the sand content reaches 533 
g/kg. kg-1, the silt and clay content increases compared to when the organic 
matter content is higher, while the sand content reaches 533 g. kg-1. When the 
organic matter content rises to 19.68 g. kg-1, the sand content increases to 612 g. 
kg-1 and the silt content decreases to 155 g. kg-1, while the clay content 
increases relatively to 233 g. kg-1. This may be due to the variation in the role of 
texture in controlling the accumulation of organic matter, as clay particles have a 
larger specific surface area, which helps to stabilize organic matter and prevent its 
decomposition, while soils with high sand content lead to varying rates of organic 
matter accumulation depending on management conditions and particle size 
distribution. Overall, the results indicate an overlap between soil texture and 
organic matter content, which is reflected in their chemical and physical 
properties. This is consistent with (Plante et al., 2006). 
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Table1. Chemical and physical properties of Soil. 

 

Molecular organic matter 

Particulate organic carbon (POC) 

For the soil fractions studied, POC was the fraction most affected by land use, as 
shown in Table 2 and Figure 2. At the L1 site, POC was the highest compared to 
uncultivated land, reaching (4.81 and 1.77) g kg-1, respectively, which can be 
attributed to its high organic matter content and the activity of carbon-rich 
microorganisms, which enhanced biological processes and the decomposition of 
organic matter [Altai, et al. (2025)]. Meanwhile, the non-agricultural land L2 had 
lower POC values and lower molecular organic carbon values, as this area has 
various non-agricultural uses, such as residential buildings and green spaces used 
for grazing. These factors have significantly affected the molecular organic carbon 
content due to the low organic matter content, soil compaction caused by vehicle 
traffic, and water scarcity. 

The POC of land cultivated with grass crops (L3) and land with shrubs (L4) was 
lower than that of vegetable crops and higher than that of unused soil. It reached 
(3.64 and 2.34) g kg-1, respectively, due to variable carbon, which depends 
heavily on management practices. Agriculture increases the rates of 
decomposition and mineralization. The concentration of POC in cultivated areas is 
mainly influenced by tillage practices, as some studies assume that the breakdown 
of aggregates and the reduction of binding factors lead to the breakdown of soil 
structure, releasing variable carbon in a free state; this, in turn, significantly 
increases the loss of variable carbon from the soil. Compared to agricultural land 

Sample 
symbol 

Coordinate EC pH CaSO4. 
2H2O 

O.M Texture 

X y Sand Silt Clay 

   dS.m-1  g kg-1 

L1R1 34.67825 43.63923 2.22 7.59 16.00 18.71 612.00 155.00 233.00 

L1R2 34.68231 43.64865 2.24 7.77 24.00 19.51 612.00 155.00 233.00 

L1R3 34.68113 43.64457 2.32 7.81 37.00 19.15 612.00 155.00 233.00 

L1R4 34.67749 43.6114 2.36 7.79 28.00 19.68 612.00 155.00 233.00 

L2R1 34.68471 43.64707 2.63 7.51 122.00 7.20 533.00 284.00 183.00 

L2R2 34.68765 43.62705 2.71 7.55 127.00 7.11 533.00 284.00 183.00 

L2R3 34.68661 43.63534 2.78 7.57 131.00 7.08 533.00 284.00 183.00 

L2R4 34.68758 43.65250 2.58 7.58 112.00 7.15 533.00 284.00 183.00 

L3R1 34.73314 43.63754 2.82 7.68 68.00 15.11 588.00 228.00 184.00 

L3R2 34.73071 4364586 2.84 7.65 57.00 14.07 588.00 228.00 184.00 

L3R3 34.73345 43.62951 2.32 7.81 52.00 15.53 488.00 278.00 224.00 

L3R4 34.76272 43.65617 2.29 7.78 98.00 13.75 568.00 238.00 194.00 

L4R1 34.76704 43.5946 2.45 7.71 43.00 11.08 725.00 74.00 202.00 

L4R2 34.76099 43.60386 2.48 7.68 52.00 8.34 614.00 92.00 294.00 

L4R3 34.76348 43.60981 2.51 7.74 48.00 9.55 612.00 155.00 233.00 

L4R4 34.77324 43.60342 2.42 7.81 34.00 8.67 614.00 92.00 294.00 
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with dense vegetation cover, agricultural land with less vegetation cover during 
seasonal periods lost higher concentrations of variable carbon. (Sainepo et al. 
2018) 

The type of vegetation cover also has a significant impact on the POC index, as 
evidenced by the difference between land planted with vegetables and grasses 
and land planted with shrubs (L4) and land not used for agriculture (L1) (Alatawi 
et al 2024). 

Mineral Organic Carbon (MOC) 

The mineralization of carbon by microorganisms is an important biological process 
in soil (its fixation between soil particles). 

MOC has always been higher than POC due to the activity of microorganisms that 
convert unstable carbon forms into more stable forms, as shown in Figure 1. At 
site L1, MOC was higher than at uncultivated site L2, reaching 9.62 and 3.56 g kg-
1, respectively, while at sites L3 (cultivated with grass crops) and L4 (cultivated 
with shrubs), MOC was lower than at sites L5 (cultivated with vegetable crops) 
and higher than at uncultivated sites. They reached (7.29 and 4.69) g kg-1, 
respectively, which is attributed to variable carbon that depends heavily on 
management practices. The figure above shows that the high gypsum content 
affected the presence of decomposed organic matter (Table 1), and that 
cultivation increases the rates of decomposition and mineralization.  

The type of vegetation cover also plays a major role in influencing the MOC carbon 
index, hence the difference between land planted with vegetables and grasses and 
land where shrubs grow (L4) and land that is not used for agriculture (L1). 

The decrease in unused soils can also be attributed to erosion breaking down 
particles according to their size, as there are high levels of clay particles in these 
areas compared to the study area in this research. Therefore, fine silt and clay 
particles were highly enriched with MOC. 

Total organic carbon in soil (TOC) 

TOC represents the sum of stable organic carbon (MOC) and unstable organic 
carbon (POC) to reflect the total amount of carbon in the soil. TOC (Table 2 and 
Figure 2) in L1 was highest in the surface layer (14.43 g kg⁻¹), which was 
significantly different (P < 0.05) from other land use types, possibly because it 
was used for vegetable cultivation. L2 had the lowest level at 5.33 g kg⁻¹ due to 
the absence of soil vegetation cover. Total organic carbon differed significantly 
among all research tables at 0-15 cm. L3 and L4 did not show significant 
differences between them, and their levels were relatively lower compared to L1. 
Land cultivated with vegetable crops recorded the highest TOC, which was 
significantly different from uncultivated land (5.33 g/kg).  

The high organic carbon in area L1 is attributed to the restoration of biomass 
above and below the soil surface, which was significantly higher compared to 
areas L2, L3, and L4. The presence of organic matter in the soil, together with the 
high moisture content resulting from the shade provided by trees, promotes the 
accumulation of organic carbon. These results are consistent with a study by 
Mganga (2011) in arid areas of southern Kenya, which showed that increases in 
carbon inputs lead to higher total organic carbon. However, some studies suggest 
that roots have a greater effect on organic matter content in the short term 
(Rumpel, 2004). Furthermore, vegetation cover helps protect the soil from surface 
carbon loss compared to other sites, as erosion studies have shown that protective 
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cover reduces the effects of wind and water on surface layers (Lal, 2004). The 
decrease in total organic carbon in L3 and L4 may be attributed to tillage practices 
that destroy soil accumulation (10.94 and 7.04), indicating that the properties of 
organic matter at these sites promote a faster rate of decomposition of carbon 
inputs (Gelaw, 2015).  

The presence of organic matter encourages microbial activity, contributing to an 
increase in total organic carbon in the soil. However, harvesting above-ground 
biomass for animal feed rather than leaving it as straw may lead to a decrease in 
total organic carbon content (Wang, 2009). In area L4, Table 1 data for the 
analysis of physical and chemical properties showed that organic matter content 
and gypsum quantity have a significant effect on carbon content, with carbon 
inputs being lower than outputs. Furthermore, vehicle tracks increase the 
apparent density of the soil, which hinders shoot growth and promotes surface 
runoff. and expose the area to high erosion rates (Maina, 2013), which transport 
total organic carbon (TOC) to the surface, as it is lighter in weight (Lal, 2008; 
Were, 2015). Franzluebbers (2000) showed that grasslands have a greater 
capacity to store total organic carbon than other areas. The lower TOC in L3 and 
L4 compared to L1 can be explained by the distribution of plant root systems, as 
plant species influence the vertical distribution of organic carbon (Jobbágy, 2000; 
Jackson, 2000). Grasses are characterized by shallow roots, while shrubs have 
deeper roots, which explains the high TOC in L1 and low TOC in L4 in the 
subsurface layers. The presence of shrub roots in the lower horizons enhances the 
concentration of total organic carbon through root exudates, microbial soil 
biomass, and hydrogen removal activity (Cao, 2015). Some studies also indicate 
that short grass cultivation has a greater effect on organic matter accumulation 
than shrubs and reduces the impact of soil erosion caused by climatic factors 
(Lalitha, 2016). 

Table2. carbon management index 

Sample 
symbol 

POC 

g kg-1 

MOC 

g kg-1 

TOC 

g kg-1 

CMI  

% 

L1R1 4.67 9.35 14.02 56.08 

L1R2 4.87 9.75 14.62 58.48 

L1R3 4.78 9.57 14.35 57.41 

L1R4 4.92 9.84 14.76 59.04 

L2R1 1.85 3.75 5.61 22.44 

L2R2 1.75 3.51 5.26 21.04 

L2R3 1.71 3.42 5.13 20.52 

L2R4 1.78 3.56 5.34 21.36 

L3R1 3.77 7.54 11.31 45.24 

L3R2 3.51 7.02 10.53 42.12 

L3R3 3.88 7.76 11.64 46.56 

L3R4 3.43 6.86 10.29 41.16 

L4R1 2.77 5.54 8.31 33.24 
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Figure 2. carbon parts index 

Carbon Management Index (CMI) 

As shown in Table 2 and Figure 3, the Carbon Management Index (CMI) was 
highest in area L1, which was planted with vegetables, while it was lowest in area 
L2, which was unused. For other areas, the CMI was highest in L3 and lowest in 
L4. In this study, the CMI was adopted as a reference type for land use 
assessment. CMI was highest in L1 (57.75%), followed by L3 with 43.77% and L4 
with 27.99%, compared to unused L2, which was 21.34% at a depth of 0-15 cm. 
Carbon Management Index (CMI) 

The highest values were recorded for L1, L3, and L4 (Table 2 and Figure 3). This 
is because L2 provides a less oxidizing environment for organic matter, which 
exposes the soil to degradation. In contrast, in agriculturally exploited soils, the 
values were higher due to the dense canopy and protective structure of large 
aggregates and reduced susceptibility to erosion, which allows POC accumulation. 
These results are consistent with those of Blair (1996), who showed that reduced 
disturbance in native grasslands contributes to higher levels of total organic 
carbon. 
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Figure 3. carbon management index 

CMI values in cultivated land (AG) may be related to fertilizer use on farms, as 
studies have shown that nitrogen fertilizers promote biomass and increase soil 
organic matter content. These results are consistent with Farhan et al. (2022), 
who showed that barley cultivation systems with the addition of fertilizers and 
straw improve soil carbon retention and increase CMI. 

In organic-rich soils, overgrazing has been observed to reduce carbon (C) content, 
attributed to a decrease in grass root biomass, leading to a decrease in CMI of 
grasslands (Liu, 2014). It should be noted that the CMI standard depends on the 
local land use in the area, with Blair (1996) suggesting that high CMI values 
indicate carbon rehabilitation, while low values indicate carbon content 
degradation. Furthermore, Benbi (2015) explained that land use with higher CMI 
values provides better opportunities for carbon sequestration. 

CONCLUSION 

This study shows that different land use patterns affect soil organic carbon pools 
and, consequently, the carbon management index (CMI). It is noted that the 
variable fraction of carbon, represented by POC, remains low across all land use 
types and soil depths. However, shrublands recorded the highest POC values, 
which is attributed to higher organic matter inputs and less disturbance compared 
to other areas, as shown in Tables 1 and 2. POC levels are related to fertilizer 
amount, crop type, gypsum amount, and moisture, so they were higher in 
grasslands. Unexpectedly, low POC levels are associated with high levels of 
overgrazing, which leads to low grass litter input, and vehicle traffic has led to soil 
degradation when not used for agriculture. MOC levels were higher than POC 
levels, due to their stability and lack of susceptibility to soil management practices.  

To evaluate the sensitivity of POC relative to TOC, the CMI indicated that soil 
degradation was most severe in L2, followed by L4. These findings suggest that 
enhancing soil organic matter (SOM) across all land-use types can improve soil 
quality and help reverse degradation in agricultural soils. The study recommends 
immediate implementation of agricultural management practices that limit the 
harvesting of above-ground biomass to promote the accumulation of soil organic 
carbon (SOC). Furthermore, targeted soil management strategies should be 
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adopted in agricultural areas to increase labile carbon fractions, thereby enhancing 
soil fertility over the long term.This study shows that different types of land use 
have an impact on soil organic carbon pools and, consequently, on the CMI index. 
The CMI index can be used as an indicator of soil degradation or improvement in 
response to land use and land cover changes. 
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