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Abstract: Information about effects of different land use types on soil organic carbon stock is crucial for best land 

management practices and combating climate change and enhancing ecological restoration. The study was aimed to estimate 

the effect of land use types on soil organic carbon stock at sire morose sub watershed Hidbuabote district Ethiopia. Three land 

use types were selected from the sub watershed (Forest, grazing and cultivated land). Undisturbed core and disturbed 

composite soil samples were collected randomly from three sites with three replications from each land use type at two varying 

depths (0-20cm and 20-40cm) and subjected to laboratory soil analysis. Heterogeneity in soil C storage was observed across 

land use types and along soil depth due to disparity in spatial distribution of soil C densities arising from the influences of 

variations in land use types and management practices. Accordingly, the total mean values soil organic carbon stocks (SOCS) 

for forest land was 85.97Mg/ha, which was higher than that of grazing land (83.45Mg/ha) and the lowest being that of 

cultivated land (49.54Mg/ha). Moreover, the average CO2e sink was 315.51 Mg ha
-1

, 306.26 Mg ha
-1

 and 181.81Mg ha
-1

 in soil 

of the forest, grazing and cultivated land, respectively. Relatively the result shows potential contribution of forestland use types 

to enhance soil organic carbon stocks and environmental protection. 
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1. Introduction 

Land use change is one of the major causes of soil erosion 

and subsequent loss of soil organic carbon in the ecosystem 

[17]. Moreover, land use changes have been recorded to be 

the second largest source of anthropogenic source of green 

house gases accounting for 12-20% of carbon emission [10] 

Land use change has become prevalent in the sub Saharan 

Africa and more specifically in Kenya with the drivers being 

socio economic as well as political gears [21]. Soil carbon is 

primarily influenced by plant production through presence of 

microclimates, litter quality and carbon pathways and these 

factors affect rate of decomposition, which in turn influence 

nutrient availability for plant uptake, and carbon emissions 

released to the air [12]. 

Soil is the largest sink and store of global terrestrial C and 

an important part of the biosphere in sequestering C [14]. It 

has a higher potential to store C compared to vegetation and 

atmosphere [1]. The global soil C pool is 2300 Pg, which is 3 

times the size of atmospheric C (770 Pg) and 3.8 times the 

size of biotic pools (610 Pg) [13]. The SOC sequestration is 

mainly influenced by land use dynamics, management 

practices, soil depth, land security, and other soil variables 

like bulk density [14]. Land use dynamics governs the fate of 

SOC storage potential on global basis there by determining 

the state of climate change [11]. Changes in land use result in 

significant changes of net primary production, species 

composition, stand age, rooting distribution and quantity of 

litter and these factors affect SOC storage dynamics, either 

mitigating or aggravating climate change. 
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Despite the tremendous land use changes from forest to 

grazing and cultivated lands in Ethiopia, particularly during 

the last five to six decades, the impacts of these changes on 

soil properties are not well studied and documented. In the 

Ethiopian highlands, population pressure, which accounts for 

85% of the country’s total population as well as 67% of its 

livestock population, has pushed cultivation and livestock 

grazing to steep slopes and fragile lands causing serious 

overgrazing and soil erosion [9]. The exacerbation of soil 

erosion is attributed to poor soil qualities like low soil 

organic carbon (SOC) among others. Moreover, with the 

accelerated loss of soil, there is severe loss of SOC from the 

surface and subsurface soil noting that even slight changes in 

the soil organic carbon pool can significantly affect the 

global carbon cycle [18]. Appropriate land use types with 

proper management among others may control soil erosion, 

the major cause of SOC loss from the surface soil. However, 

the effect of different land use types and associated 

management practices on soil organic carbon stock has not 

been assessed and documented for the study area. In order to 

put the proper recommendations for sustainable utilizations 

of soil resources and quality, the information about effects of 

land use types on soil organic carbon stocks are essential. 

Therefore, the objective of this study was to estimate the 

effect of different land use types on soil organic carbon stock 

at Sire morose subwatershed in Hidebuabote district. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study was conducted at Sire Morose sub watershed, 

located in Hidebu Abote District of North Showa Zone, 

Oromia Regional State. The sub watershed is located at about 

43 km north of zone town, Fitche, and 142 km northwest of 

Addis Ababa. The geographical location of the watershed is 

in 9.81°47' to 10.08°11'N and 38°27' to 38.67°43’E with an 

average altitude of 2149 meter above sea level (masl). The 

main rainy season in the area is from mid-June to mid-

September and the short rainy season (Belg) is from March to 

May. According to the weather record from Gundo-meskel 

Meteorology Station the average annual rainfall and mean 

annual minimum and maximum temperatures of the area 

based on the last 10 years records are 971 mm, and 9.7°C and 

21°C, respectively (Figure 2). 

2.2. Soil, Vegetation and Farming System 

The dominant soil of the study area is Nitisols and 

Vertisols [8]. The vegetation type of the district is 

characterized by tree, bushes, and shrubs. The most dominant 

tree species found in the area Croton macrostachyus, Cordia 

africana, Olea europaea, Vernonia amygdalina and 

Erythrina abyssinica. The agricultural activities in the district 

are mainly characterized by the presence of subsistence 

mixed farming system of both crop and livestock production. 

There are also households engaging in off-farm activities. 

On-farm trees are the main source of fuel wood demand for 

the whole communities. The major cereals crops are being 

produced in the district are tef, wheat, sorghum, and barley 

and vegetables (onion, potato, redroot, tomato and cabbage). 

Based on climatic classification, the farming systems vary in 

such a way that in low land areas, the farmers practice crop 

production and as in the midland and highland areas both 

crop and livestock productions are the common practice. 

Generally, the main sources of income for the local 

communities are crops and livestock. 

 

Figure 1. Location of the study area. 
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Figure 2. Mean monthly rainfall and mean maximum and minimum temperatures of the study area (Gundo-meskel Meteorology Station). 

2.3. Site Selection and Soil Sampling 

Assumption was made in this research approach that soil 

conditions and parameters under the three land uses were 

similar before changes in the land use have been introduced. 

Differences due to lateral movement of soil material in the 

watershed slopes before land use changes were assumed to 

be very small. The observed differences in present soil 

conditions and other parameters are assumed as being caused 

by the present land use types and management practices. 

Primarily, a general visual field survey of the area was 

carried out to have a general view of the land use/land cover 

and management practice in the study area. Then three land 

uses were selected based on the similarity of topography, 

aspects, and soil and replicated three times. Following this, 

three land uses (cultivated, forest and grazing lands) were 

selected and Global Positioning System (GPS) and 

clinometers were used to identify the geographical locations 

and slopes of the sampling points, respectively. Composite 

soil samples were collected from the three land use types 

(cultivated, grazing and forest) by two soil depths (0-20 cm 

and 20-40 cm) with three replications. The whole factors 

were situated on the same slope and topography. Both 

undisturbed and disturbed soil samples were taken from two 

soil depths from twelve sampling point based on the 

heterogeneity of land unit in a zigzag manner. Undisturbed 

soil samples were taken by core sampler to measure the soil 

bulk density, whereas the disturbed soil samples were taken 

by using an auger to measure soil organic carbon. 

During the collection of soil samples, gravel materials, 

dead plants, old manures, areas near trees and compost pits 

were excluded. This is to minimize the differences variation, 

which may arise because of the dilution of soil OM due to 

mixing through cultivation and other factors. After these 

materials and areas were separated, 18 composite soil 

samples were collected from representative land use types. 

Then after, about one kilogram of the soil samples from 18 

composite soil samples were sub-sampled and packed by 

plastic bags with tightly and labeled carefully with the 

location, representative field and depth of soil and transport 

to Laboratory. 

2.4. Soil Sample Preparation and Analysis 

The soil samples collected from the study area were air-

dried ground and passed through a 0.5 sieve for soil organic 

carbon (OC) and analyses were done at Fitche Soil Research 

Center by the wet oxidation method as described by [27]. 

Bulk density of the soil samples was determined from 

undisturbed soil samples collected using the core sampling 

method [19]. The core samples were oven dried at 105°C for 

24 hours [3] and the bulk densities were calculated by 

dividing the masses of the oven dry soils (g) by their 

respective volumes (cm
3
) of core sampler, as they exist 

naturally under field conditions. 

2.5. Estimation of Soil Organic Carbon Stock 

The SOC stock per hectare (Mg C ha
_1

) was estimated 

using [26] equation 

����� =
OC	 ∗ BD	 ∗ Soil	depth	�m�	∗ 	10,000	m�ha��

100
 

Where: SOCdi is the amount of OC stock per unit hectare 

of land (Mg ha
-1

) to specified soil depth (di) and Dry bulk 

density soil samples in drying oven at 105° C for a minimum 

of 24 hours. 

BD	 = 	
 !""#$%&'(� !"")*+,	-)$.%(/0

1234 5#$%&'(�
%$##)*+,	-)$.%(/0

6(/#708)*+,	-)$.%(/0

  

Where: BD = bulk density (g cm
-3

), DM = dry mass (g cm
-3
), 

VOL core = mineral soil core volume (cm
-3
), Mcoarse frag = mass 

of coarse fragments (g), Densrock frag = density of rock fragments 

(g cm
-3

). Note that, bulk density is for the < 2mm fraction, 

coarse fragments are > 2 mm. The density of rock fragments is 

often given as 2.65 (g cm
-3

) [5]. Then (g cm
-3
) was converted to 

Mg m
-3
, OC = is the organic carbon concentration (%) data 

obtained from the laboratory from soil analysis result for each 

soil depth. In this equation, C must be expressed as a decimal 
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fraction. Based on the OC content of each soil layer per hectare 

(Mg C ha
-1

), the amount of SOC stored in soils per specific area 

of land was estimated as follows: 

SOCs = ΣSOCdi 

Where: SOCs is the OC stored in soils per specified area 

(Mg) and SOCdi is Mg ha-1 of OC stored in the ith soil depth 

2.6. Estimation of Carbon Dioxide Equivalence 

The carbon dioxide equivalence is simply multiply by the 

atomic weight difference between C and CO2 (44/12). 

���9:;:<= = �:;:<= ∗ 	
44

12
 

where: CO2e = Carbon dioxide equivalent with measured 

depth, Ctotal = Carbon stocks with measured depth, 44/12 = 

Conversion factor to convert Carbon into Carbon Dioxide 

2.7. Statistical Analysis 

Descriptive statistics was used to reveal the relationships 

between the three land use types. Land use types were 

compared with each other based on soil organic carbon stock. 

3. Results and Discussion 

3.1. Soil Organic Carbon 

Result revealed that land uses and soil depths influenced 

soil organic carbon (OC) content. Considering means, the 

highest (3.02%) OC was recorded in the surface soil of the 

forestland, whereas the lowest (0.60%) was recorded in the 

subsurface soil of the cultivated land (Table 1). These results 

imply that under the cultivated land use type, losses of soil 

organic carbon were not fully compensated by organic matter 

inputs from the crop residues. The lowest OC in soil of 

cultivated land could also be due to the effects of the tillage 

practices coupled with reduced soil organic matter inputs and 

almost complete removal of crop residues from the cultivated 

fields for various reasons. On the other hand, less soil 

disturbance in the forestland and grazing land might have 

apparently led to the observed increase in organic carbon 

content as compared to the soil under cultivated land. 

Moreover, the surface soil of the forest land had shown 

relatively higher OC content than the surface soil of the 

grazing land (Table 1). As per OC rating proposed by [23], 

the OC content of the soils in the study area varied from 

moderate status in the cultivated and grazing lands to high in 

the forestland. 

Table 1. Soil bulk density after removing coarse fragment and OC 

concentration under different land uses and soil depth. 

LU types Soil depth (cm) BD (g/cm3) OC (%) 

Forest land 0-20 0.91 3.02 

 
20-40 1.02 1.52 

Grazing land 0-20 1.05 2.51 

 
20-40 1.09 1.41 

Cultivated land 0 - 20 1.12 1.59 

 
20-40 1.16 0.60 

LU= Land use, BD= Bulky desity 

3.2. Soil Organic Carbon Stock and Carbon Dioxide 

Equivalence 

The results showed soil carbon stock (SOCS) (Mg/ha) 

variations with respect to the three land use types and depth 

(Table 1 and figure 3). The mean values for SOCS of the 

forest was different from the other land uses for respective 

soil depth (Table 1). In the surface soil of the forest land, 

SOCS was 54.96Mg/ha, which was higher than that of 

grazing land (52.71Mg/ha), the lowest being that of 

cultivated land (35.62Mg/ha) (Table 2). For the subsurface 

soil the highest mean value of SOCS was recorded for the 

forest land followed by grazing and cultivated lands (Table 

2). Soil organic carbon stocks consistently declined with 

depth in all the three land uses (Table 2 and figure 3). This 

was attributed to low OC input at subsoil and the effect of 

bulk density. The higher SOCS recorded for soil of the 

forestland may be mainly because of the higher biomass 

inputs and low rate of litter decay. [24] also found a higher 

mean carbon stock in natural forest than in all the other land 

cover categories in Chilimo, a dry Afromontane forest in 

Ethiopia. Relatively SOCS of grazing land was the lower 

compared to forestland. This might be linked to the 

uncontrolled grazing within the area. The subsequent 

disruption of carbon input and excessive harvesting ground 

biomass by livestock alter the carbon cycle within the 

ecosystem. According to [16], this exposure hastens the litter 

turnover rates, leading to SOM oxidation and expanding CO2 

released into the atmosphere. The lowest soil organic carbon 

recorded for soil of cultivated land might be due to the low 

input of organic matter to the soil and high rates of oxidation 

of soil organic matter due to tillage. Study by [15] revealed 

depletion of 23.50 Mg ha
-1

 SOC within 33 years of 

continuous cultivation after deforestation of tropical forest in 

highlands of Ethiopia. Conversion of natural vegetation to 

agricultural land results in the mineralization of SOC, thus 

reducing SOCS and increasing atmospheric CO2 

concentrations as indicated by [7]. 

Table 2. Soil organic carbon stock and CO2e capacity as influenced by land use types and soil depth in the study area. 

LU types SOCS (Mg/ha) Total SOCS per specific land use Equiv. CO2 per land use 

 
0 - 20cm 20 – 40cm (Mg/ha) (Mg/ha) 

Forest land 54.96 31.01 85.97 315.51 

Grazing land 52.71 30.74 83.45 306.26 

Cultivated land 35.62 13.92 49.54 181.81 

LU = Land use, SOCS = Soil organic carbon Stock, Equiv. CO2 = Carbon dioxide equivalence 
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When the total SOCS (Mg/ha) (Table 2) was estimated on 

per specific land use, the average SOC storage capacity 

varied from 85.97Mg ha
-1

 in soil of the forest to 83.45Mg ha
-

1
 in soil of the grazing land and 49.54Mg ha

-1
 in soil of 

cultivated land (Table 2). The SOCS in forest land of the 

present study is higher than the finding of [2] who reported 

SOCS of 35.24Mg ha
-1

 for soil depth (0‒60cm) for 

Afromontane forest soil. The SOCS in cultivated land of the 

present study is also higher than the finding of [2] who 

reported SOCS of 14.16 Mg ha
-1

 for cultivated soil and a also 

higher than 36.80 Mg ha
-1

 reported by [22]. 

The average CO2e sink was 315.51 Mg ha
-1

, 306.26 Mg ha
-

1
 and 181.81Mg ha

-1
 in soil of the forest, grazing and 

cultivated land, respectively (Table 2). The higher CO2e was 

recorded in forestland followed by grazing and cultivated 

land. The result was in accordance with the conclusion of 

[25], who reported that intensive and continuous cultivation 

forced oxidation of OC, and thus resulted in reduction of 

SOC. Furthermore, [4] specified that variation of SOC across 

land uses could be attributed to the number of trees, tree 

species, size of trees and other disturbances. Agricultural 

cultivation is known to decrease carbon storage [6, 22] and 

result in a net flux of carbon to the atmosphere [20]. It may 

be relatively the emission of CO2 from the cultivated land as 

manifested by loss of SOC. Annual burning and complete 

removal of crop residues and continuous tillage are the major 

causes for low SOC in cultivated soil. In croplands, the 

critical issue in increasing SOC sequestration is the addition 

of crop residues, avoiding residue burning, manuring, and the 

reduction in soil disturbance through conservation tillage or 

no-till systems [20]. It is possible to maintain SOC levels of 

cultivated land fairly close to that under forest through 

management systems including fallowing and conservation 

tillage. 

 

Figure 3. Carbon stocks under different land use types. 

4. Summary and Conclusion 

In the present study area, practices of exceptional 

deforestation, overgrazing and intensive cultivation of soil 

with very low inputs over many years are common. Such 

practices may disturb soil stracture and result in varations 

and even deterioration in soil quality attributes among land 

use types of same soil type. Nevertheless, the impact of the 

different land uses on major soil attributes have not been 

quantified in the study area. Furthermore, the effects of soil 

depth and land use types on soil carbon stock have not been 

studied in the study are. Three land uses were selected from 

the sub watershed (Forest, grazing and cultivated lands), and 

GPS and clinometers were used to identify the geographical 

locations and slopes of the sampling sites, respectively. 

Eighteen composite soil samples and eighteen separate soil 

core samples for bulk density determination were prepared 

for the analysis of soil organic carbon stock of the soil. Soil 

carbon stocks were varied across land uses due to disparity in 

spatial distribution of soil C densities arising from the 

influences of variations in land use types, soil depth, and 

management practices. In the surface soil, the mean SOCS in 

the forestland was higher than grazing and was the lowest in 

cultivated land. Moreover, the mean CO2e sink was higher in 

the surface soil of forest than in the surface soil of the 

grazing and cultivated land. 

In general, the information generated from the present 

study on the effect of land use types on soil organic carbon 

stock might be helpful for proper management of land in the 

area. This study showed that conversion of natural ecosystem 

into crop/cultivated land ecosystem has resulted in 

deterioration of the soil organic carbon stock. Therefore, 

improved management practices like conservation tillage or 

zero-tillage, fallowing, residue incorporation, tree-crop 

agroforestry combined with addition of animal and farmyard 

manures can improve the SOC stock of the cultivated soil 
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and helps to mitigate climate change. 
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