
1 
 

Effects of Land Management on Soil Carbon stock: The Case of Abagerima Micro-
Watershed, Northwestern Ethiopia 

Bekalu Bitew1*, Enyew Adgo2, Tadele Amare3 
1,2*Bahir Dar Polly Technique College. P.O.Box 1541, Bahir Dar, Ethiopia. 

2Bahir Dar University, College of Agriculture and Environmental Sciences. P.O.Box 5501, 
Bahir Dar, Ethiopia. 

3Adet Agricultural Research Center, P.O.Box 08, Bahir Dar, Ethiopia 
Corresponding Author email: bekalum12@gmail.com 

 
 
ABSTRACT 

In response to the prevailing low soil fertility and associated problems in highlands Ethiopia, 
conversions of natural forests and land use into cultivated land and management system have a 
varied impact on soil carbon stock and plant nutrient availability. The study was conducted to 
compare soil chemical and physical properties in two adjacent watersheds (with land 
management and without as a control) under three land use (bushland, cultivated land, and 
grazing land) and landscape positions (higher-slope, middle slope, and lower slope). Results 
showed that estimated mean carbon stocks indicators were higher undertreated watershed 
(Kecha)as compared to the untreated watershed (Laguna). In the Kecha watershed, the mean soil 
stock grazing land was (0.224±0.017 Ton ha-1), which is significantly highest than grazing land 
(0.143±0.06 Ton ha-1) Laguna watershed in middle slope. However, no statistical variation 
(0.125±0.02 Ton ha-1 and 0.125±0.01 Ton ha-1) was observed between the mean soils carbon 
stocks of cultivated land and bushland respectively. Therefore, our results suggest that a treated 
watershed could be considered as having the capacity to store soil carbon and enhance soil 
fertility and climate resilience.  
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INTRODUCTION 

Worldwide concern for natural resources management is higher than ever before. Issues such as 
climate change, loss of biodiversity, ozone layer depletion, or desertification have taken the 
center of attention in the global discourses (Belay 2014; Kelbessa and Teshome 2014). Hence, 
the watersheds face a wide variety of stresses that threaten to degrade their biological value and 
their ability to provide ecosystem services (Assessment, 2005; Revenga et al 1998). 

In Ethiopia, watershed management programs started in the formal way in the 1970s. From that 
time up to the late 1990s, implementation was typically a government-led, top-down, incentive-
based (food-for-work) approach that prioritized engineering measures. During this phase, the 
programs focused primarily on reducing soil erosion (Hurni 1988; Osman and Sauerborn 2001; 
Geteand Hurni 2001). In the early 2000s, community-based integrated watershed development 
was introduced to promote watershed management as a means to achieve broader integrated 
natural resource management and livelihood improvement objectives within prevailing agro-
ecological and socioeconomic environments Gebrehaweriat et al (2016). However, studies 
indicate that the Ethiopian Highlands were experienced high rates of soil erosion and 
deforestation, resulting in sediment accumulation in downstream reservoirs and rive 
(Gebregziabheret al 2016; Poppe et al 2013). If so, to reverse soil erosion problem efforts have 
been put in places like working at watershed or landscape level allows anticipating the impacts 
of soil erosion and climate change from upstream to downstream (FAO 2013; Kassahun et al 
2012). Indeed, climate change is expected to intensify extreme weather events such as floods 
and droughts whose impacts especially depend on land use (Dumanskiand Pieri 2001; Wakene 
2001). This is expected to make communities both from upstream and downstream even more 
vulnerable. Meanwhile, interest in and awareness of the multiple environmental, economic, and 
social benefits provided by watersheds has greatly increased in recent decades (Getachew et al 
2011; Smithson 2002). 

Therefore, enhancing soil carbon stocks (CS) in degraded agricultural lands could have direct 
environmental, economic, and social benefits for local people. However, soils are the largest 
terrestrial sink for carbon, and the ability of agricultural lands to sequester carbon depends on 
the climate, soil type, vegetation cover, and land management practices (Amaha 2012; Wilfred 
M Post 2004). Therefore, the terrestrial carbon cycle consists of several path ways including 
photosynthesis, whereby green plants take up carbon dioxide (CO2) from the atmosphere and 
incorporate it into their tissues; respiration, where plants release CO2 back to the atmosphere. 
In addition, its incorporation of dead plants leaves and plant remains into the soil as organic 
matter; and soil respiration, whereby microbial organisms (bacteria and fungi) slowly decompose 
organic matter, releasing CO2 back to the atmosphere, thus completing the cycle late (Nischal 
2012). Assessing soil organic carbon stock status in watershed levels including different landuse 
type and slope positions is difficult because most soil organic carbon stock either change very 
slowly or have large seasonal fluctuations; in both cases, it requires long-term research 
commitment. However recently, landuse change has become an area of particular concern in the 
highlands of Ethiopia due to steady conversions practices of natural forests and grazing land into 
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cultivated land and its environmental consequences. 
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slope (20-30%) (Jahn et al 2006). 
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was calculated (Cassel and Nielsen 1986). Disturbed soil samples would take to the laboratory 
and air-dry at room temperature. Some of the samples taken from the grazing land had a higher 
amount of moisture and thus took a long time to be dried. The samples were then grounded with 
a mortar and pestle to pass through a 2 mm sieve. Soil particle size distribution analysis was 
performed using the hydrometric method (Bouyoucos 1962). The USDA particle size class. Sand 
(2.0–0.05 mm), silt (0.05–0.002 mm), and clay (<0.002 mm) were used when classifying textural 
classes. Electrical conductivity (EC1:2.5) (Rhoades 1996) and pH (H2O)/ pH soil (Tanko et al 2008) 
were determined in a 1:2.5 soil-water suspension using a combination of the glass electrode and 
measured by EC meter and pH meter, respectively. Soil organic carbon was determined by the 
Walkley-Black oxidation method (Walkley and Black 1934). Total nitrogen (TN) by 
Kjeldahldigestion method (Bremner and Mulvaney 1982) and available phosphorous was 
determined using Olsen’s extraction method (Olsen and Sommers 1982).  
 
Statistical Analysis 
Analysis of variance (ANOVA) was performed to evaluate the main effects of land 
use/management, depth, and their interactions using statistical analysis system SAS (version 9.0) 
and SPSS (Statistical Package for Social Science) on soil physicochemical properties. A general 
linear mixed model analysis with repeated measurements, considering two between-subjects 
factors (land use) in the main effects design, and one within-subject factor depth. Pearson 
correlation analysis was conducted to determine the significance of correlations between Soil 
Organic Carbon and the other soil parameters.  
 
RESULTS AND DISCUSSIONS 

Soil Texture 
The soil texture analysis result showed that sand and clay did show a significant difference 
(P>0.05) across land uses and slope whereas, silt texture did not show a significant difference 
(P<0.01). The mean sand content was higher (43.3%.±5.4) in untreated cultivated land than the 
treated (25.55%± 3.9) both in the upper and lower slope (Table 2). With steep landscapes, 
transportation and translocation of fine particles are expected. This result also confirms the 
presence of a higher clay fraction (41.78%) in the middle slope of Bushland due to deposition 
from the upper slope. Because of the high mean annual precipitation over the study, the area 
selectively transported and/or leached fine fractions leaving behind the coarser fraction. Enyew 
et al (2013) Also reported that on the steep cultivated hill slope, the most noticeable changes 
were a decrease in clay and a corresponding increase in sand and silt fractions as the 
slope gradient increases. 
 
Soil Reaction (pH) 
A significant difference in soil pH was obtained between treated and untreated watersheds, 
between different landuse types, and slope gradients (p ≤ 0.05,). The mean of soil pH was 
observed is lower in treated cropland (5.96±0.1) in lower slope and higher (6.77±0.13) in lower 
slope untreated grazing land (Table 3.). The soils in high altitudes and those with higher slopes 
had low pH values, probably suggesting the washing out of solutes from these parts (Hussein and 
Gebrekidan 2002). Continuous cultivation practices, excessive precipitation, steepness of the 
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topography, and application of inorganic fertilizers could be ascribed as some of the factors that 
are responsible for the reduction of pH in the soil profiles at the middle and upper elevation 
zones (Wakene 2001). Soil reaction (pH) is mostly related to the nature of the parent material, 
climate, organic matter, and topographic situations (Tamirat 1992). 

Table 2: Particle size distribution (%) of the study watershed 

Study Watershed Land use Soil separate Textural class 

Sand (%) Clay (%) Silt (%) 
 

Kecha Watershed  
 Upper Slope 

Cultivated 37 32.78 30.11 clay loam 
Bushland 43.2 29 27.44 medium loam 
Grazing  - - -   

Laguna Watershed 
 Upper Slope 
  

Cultivated 42.9 26.11 29.78 medium loam 
Bushland 44.2 25.56 29.28 medium loam 
Grazing - - -   

Kecha Watershed  
 Middle Slope 
  

Cultivated 28.45 40.89 30.67 clay loam 
Bushland 27.78 41.78 30.22 clay loam 
Grazing  20.22 37.11 29.78 clay loam 

Laguna Watershed 
 Middle Slope 
  

Cultivated 42.67 26.89 29.11 medium loam 
Grazing  60 44 32 medium loam 
Bushland - - -   

Kecha Watershed  
Lower Slope 
  

Cultivated 25.55 39.11 35.33 clay loam 
Grazing  40.89 32 27.11 clay loam 
Bushland - - -   

Laguna Watershed 
Lower Slope   

Cultivated 33.56 31.11 31.33 clay loam 

Grazing  37.67 29.67 25.67 sandy loam 

Bushland - - -   

Mean with the same letters are not significantly different (p≤0.05); Mean ± Standard error; 
CV=Coefficient of Variation; t- value=T-Test; -= data not available.
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Table 3: Soil PH in different landscape position and land use 

study 
watershed 

Slope Class (%) Land use  CV 
(%) 

t-value  

Cultivated Grazing Bush 

Kecha 
watershed 

Upper Slope 6.26a±0.12 - 6.5a±0.14 4.75 0.96 

Middle Slope 6.3c±0.1 6.25a±0.1 6.52b±0.23 4.6 0.39 

Lower Slope 5.96b±0.1 6.4b±0.1 - 6.47 1.17 

Overall 6.17b±0.15 6.33a±0.1 6.51a±0.235 

  

Laguna 
watershed  

Upper Slope 6.46c±0.12 - 6.62a±0.3 6.54 0.62 

Middle Slope 6.3b±0.1 6.25b±0.3 - 2.12 0.87 

Lower Slope 6.6a±0.11 6.77a±0.13 - 3.32 1.14 

Overall  6.45b±0.165 6.51b±0.225 6.62a±0.3 

  

Mean with the same letters are not significant different (p≤0.05); Mean ± Standard error; 
CV=Coefficient of Variation; t- value=T-Test; - =data not available 
 
The pH of the soil showed a significant difference (P<0.05) with depths. The lower pH of 5.25 was 
found in cultivated land (0-10 cm) of the treated watershed and whereas the highest pH was 
recorded in grazing land (10-20 cm) of the untreated watershed (Table 4). This might be due to 
the effect of long-term application of a chemical fertilizer since the intensive application of 
nitrogen fertilizers, removal of soluble bases, and organic matter through sheet wash /erosion. 
In other ways, H+ released from soil organic matter could reduce pH since organic matter is one 
of the main sources of H+ in soil.  
 
Table 4: Soil PH in different land use and soil depth  

study watershed Depth 
(cm) 

Land use CV (%) t-value 

Cultivated Grazing Bush 

Kecha watershed 0-10 6.15c±0.11 6.35a±0.13 6.5c±0.13 4.75 0.2 

10-20 6.2a±0.12 6.3a±0.13 6.52a±0.15 4.6 0.17 

20-30 6.22b±0.11 6.5b±0.14 6.33b±0.13 6.47 0.09 

Over all 6.19c±0.175 6.38a±0.2 6.45b±0.45 

  

Laguna 
watershed 

0-10 6.34a±0.12 6.52b±0.2 6.5a±0.19 4.85 1.27 

10-20 6.44a±0.11 6.97a±0.23 6.7c±0.19 5.42 0.27 

20-30 6.56b±0.12 6.54b±0.23 6.47b±0.33 2.61 0.62 

Over all 6.45a±0.175 6.68b±0.33 6.56b±0.355 

  

Mean with the same letters are not significantly different (p≤0.05); Mean ± Standard error; 
CV=Coefficient of Variation; t- value=T-Test. 
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Bulk density (g cm-3) showed no significant difference between the different land uses for the 
upper, middle, and lower slopes of Kechaand the upper slope of the laguna watershed (Table 5). 
In terms of absolute value, however, the middle slope of grazing land (1.33 g cm-3) and lower 
slope of cultivated land (1.22 g cm-3) in laguna had the highest bulk density(Table 5). Bulk density 
is generally higher in lower layers of profile as erosion removes the top fertile layer of the soil 
(Mihrete, 2014). This study is in line with (Abay et al 2016; Nigussie et al 2017) where they 
indicated significantly lower mean values of BD in the conserved micro watersheds than the non-
conserved ones. 
 
Table 5: Mean bulk density in different land use and landscape position 

Study 
watershed 

Soil 
Parameter 

Slope Class 
(%) 

Land use CV 
(%) 

t-
value  

Cultivated Grazing Bush 

 Kecha 
watershed 

 

  

BD (gcm-

3)  

Upper Slope 1.01b±0.1 - 0.88b±0.21 15.01 1.34 

Middle Slope 1.02b±0.14 1.1b±0.44 1.06a±0.23 12.69 1.57 

Lower Slope 1.11a±0.23 1.2a±0.44 - 8.89 2.54 

Overall 1.05b±0.16 1.1b±0.44 0.97b±0.22 

  

Laguna 
watershed  

BD (gcm-

3)  

Upper Slope 1.14b±0.06 - 0.99b±0.12 12.86 0.04 

Middle Slope 1.1b±0.13 1.33b±0.13 - 11.19 0.81 

Lower Slope 1.21a±0.21 1.1a±0.54 - 15.06 1.38 

Overall 1.15b±1.33 1.22a±0.33 0.99b±0.12 

  

Mean with the same letters are not significant different (p≤0.05); Mean ± Standard error; 
CV=Coefficient of Variation; t- value=T-Test; - =data not available. 
 
The bulk density values of the watersheds in the soil profile varied consistently with depth 
(1.24±0.08 g cm-3) the bottom layer (20-30 cm) (Table 6). The relatively lower bulk density values 
observed at the surface layer could be due to the relatively high Organic Matter contents, which 
resulted in high total porosity. On the other hand, the relatively high bulk density values in the 
layers below the plow depth (20-30) could be due to the rapid decline in Organic Matter content 
as well as reduced root penetration and compaction caused by the weight of the overlying soil 
material. The higher bulk density in the non-conserved watershed may cause the exposure of the 
soil by runoff and the removal and oxidation of the organic carbon from the top layer. According 
to Brady and Weil (2002), bulk densities of soil horizons are inversely related to the amount of 
pore space and soil organic matter. The decrease in soil Bulk Density due to integrated watershed 
management in land use patterns would result in greater water infiltration rates, which in turn 
minimize runoff velocity, consequently, sediments and organic matter deposited. As a result, 
Organic Matter accumulation improves the physical structure of the soil, which promotes crop 
root abundance, crop stand, crop production, and better crop residues on the surface of the land. 
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Table 6: Mean Bulk density in different soil depths and land use 

study 
watershed 

Soil 
Parameter 

Depth 
(cm) 

Land use CV 
(%) 

t-value  

Cultivated Grazing Bush 

Kecha 
watershed 

  

BD (gcm-3) 0-10 0.92a±0.04 1.18a±0.054 0.98a±0.054 15.01 0.77 

10-20 1.1b±0.05 1.13b±0.054 0.95b±0.06 12.69 0.32 

20-30 1.1c±0.04 1.14b±0.054 0.98c±0.54 8.89 0.37 

Overall 1.04a± 0.04 1.15b±0.54 0.97b±0.38 

  

Laguna 
watershed 

BD (gcm-3) 0-10 1.1a±0.05 1.24b±0.08 0.89b±0.08 17.15 1.53 

10-20 1.15a±0.04 1.04a±0.09 1.05a±0.11 9.93 0.46 

20-30 1.2a±0.05 1.02a±0.09 1.02c±0.13 13.97 0.54 

Overall 1.2a±0.47 1.1a±0.09 1b±0.077 

  

Mean with the same letters are not significantly different (p≤0.05); Mean ± Standard error; 
CV=Coefficient of Variation; t- value=T-Test; - =data not available. 
 
Soil Organic Carbon Stock in Different Soil Depth and Land Use type   
According to Henok(2010), who assessed the effect of integrated soil and water conservation 
practices on key soil properties with higher soil organic matter (3.69%) in the conserved 
catchment as compared to non-conserved (2.24%) ones in SegurKidanemihret and TsegurEyesus 
micro-watersheds in Northwest of Ethiopia.  Batjes (2001) also reported that at the global scale 
the upper soil profile (0–10 cm) contained only about 50% of the soil organic carbon. Next to the 
significant soil organic carbon level, also the stability of the organic carbon in the deeper soil, that 
can provide longer storage than that the surface soil Rumpel and Kögel-Knabner (2011) add to 
the importance of considering the deeper soil organic carbon in the carbon accounting. These 
results (Table 7) are in line with those by (Aerts et al 2009) who observed a consistent decrease 
in soil organic carbon concentrations across the soil profile down to 60 cm depth in different 
land-use types in southern Ethiopia.  
 
Table 7: Soil organic carbon in different land use and soil depth  

Study watershed 

  

Land use 

  

SOC stock (Tonne ha-1)   Overall  

  Sampling depth (cm)  

0-10 10-20 20-30 

Kecha Watershed  

  

Cultivated 0.117 a ±0.08 0.124a±0.11 0.140b±0.1 0.127a ± 0.1 

Bush land  0.168a±0.11 0.143ab±0.2 0.120ab±0.13 0.144ab±0.54 

Grazing  0.274b±0.13 0.140b±0.13 0.111ab±0.1 0.175ab±0.12 

Overall  0.186a±0.11 0.136ab±0.14 0.124ab±0.5   

Cultivated 0.139b±0.1 0.139b±0.08 0.11a±0.1 0.129a±0.09 
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Laguna 
Watershed 

  

Bush land  0.154c±0.24 0.126b±0.22 0.162ab±0.8 0.147b±0.42 

Grazing  0.158ab±0.32 0.11 a ±0.19 0.115a±0.8 0.128 a ±0.44 

Overall  0.15b±0.22 0.125a±0.16 0.129a ±0.4   

Mean with the same letters are not significantly different (p≤0.05); Mean ± Standard error. 
 
 
 
Soil Organic Carbon Stock in Different Landscape Position and Land Use type 
This study shows that Soil Organic Carbonamounts in the watersheds are significantly different 
between middle slope and downslope but not between in Cultivation land (0.125±0.020 Ton ha-

1) and Bushland (0.125±0.01 Ton ha-1) upslope (Table 8). Soil Organic Carbon stock is lowest on 
the Upper Slope of cultivated land (0.104±0.03 Ton ha-1) in the Laguna watershed. The result is 
the effect of soil erosion that drives soil from the top of hills to the bottom. A similar finding was 
also reported by (Aerts et al 2009; Yihenew et al 2015) who observed statistically significant 
differences in Soil Organic Carbon along with the slope position, with a higher Soil Organic 
Carbonfound in the foot slope and toe slope than on the summit, shoulder, and back slope. 
However, (Mekuria and Aynekulu 2013) observed no effect of slope position on the distribution 
of Soil Organic Carbon down the hill slope. This result is in agreement with Yihenew (2015) and 
Gizachew (2007)  who reported the dependence of Soil Organic Carbon content on landscape 
position where they indicated increasing soil water content and fertile soil deposition at lower 
slope favored higher crop biomass production and the resultant higher Soil Organic Carbon 
content in Mesobit-Gedba North Ethiopia, and Zikre watershed, North Western Ethiopia 
respectively. The variation in Soil Organic Carbon could attribute due to the erosion reduction 
effects of integrated watershed management implemented and biomass accumulation (Wubetet 
al 2013; Tadele et al., 2014; Ayalew and Yihenew 2015). 
 
Comparisons of Walkley-Black and Loss on Ignition Methods  
After addressing all the factors influencing the collection of soil samples for soil organic carbon 
quantification, the next decision point for which there are varying perspectives is the method of 
laboratory analysis. The method used in this work was Walkley-Black and loss on ignition (dry 
combustion). The implications of different analytical procedures, data from soil sample carried 
out in cultivated land of Kecha watershed middle slope comparing WB and loss ignition methods 
for total C quantification compiled. The correlation analysis revealed that the SOC results 
obtained from the Loss of ignition method correlated closely (r = 0.69) with the values of the 
Walkley-Black method. According to my results, elemental analysis (dry combustion) was the 
most satisfactory method for carbon quantification, due to its better accuracy. However, in this 
study, although the SOC concentration is very low except for a few observations, the result of 
SOC analyses by the method Walkley-Black was neither over- nor under-estimated as shown in 
(Figure 2). However, another study conducted on organic-rich sedimentary rocks in Israel 
(Gelman et al 2012; Fernandes et al 2015) found the modified Walkley and Black method as 
accurate as of the CN analyzer, except for soils with very low SOC concentrations. In the latter 
case, the results were over-estimated. This could probably be due to the calcareous nature of 
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the soil, which affects the K2Cr2O7 reactions with the inorganic soil components Aldous (Walkley 

and Black,_ENREF_100 1934). However, Trends for over estimate soil C content with the WB 
method were observed by (Aline et al 2008), which could be a result of the high iron content of 
Oxisols. 
 
 
 
 
 
 
Table 8: Soil organic carbon stock in different land use and landscape 

Study 

Watershed 

Slope Class 
(%) 

SOC stock (Tonne ha-1)   Overall   

Cultivated Grazing Bush 

Kecha 

Watershed 

  

Lower Slope  0.142b±0.02 0.126a±0.02 - 0.134a±0.02 

Middle Slope 0.12ac±0.01 0.224ab±0.017 0.161c±0.018 0.168c±0.015 

Upper Slope 0.125ac±0.02 - 0.125b±0.01 0.125c±0.016 

Overall  0.13ac±0.014 0.175a±0.018 0.143b±0.013 

 

Laguna 
Watershed  

Lower Slope  0.116a±0.018 0.127b±0.02 - 0.122a±0.019 

Middle Slope 0.12a±0.01 0.143ac±0.06 - 0.132a±0.035 

Upper Slope 0.104a±0.03 - 0.147b±0.02 0.125a±0.025 

Overall  0.113a±0.019 0.135b±0.04 0.147b±0.02 

 

Mean the same letters are not significantly different (p≤0.05); Mean± Standard error; - =data not 
available 
 

 
 

Figure 2. Walkley-black and Loss ignition  
 

CONCLUSION AND RECOMMENDATION 
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This study is intended to provide essential data on soil carbon and Physico-chemical properties 
under bushland, grazing land, and cultivated land in the abagerima micro watershed. It is based 
on randomly selected soil samples from three soil depths (0-10 cm, 10-20 cm, and 20-30 cm) and 
three slope positions (upper slope, middle slope, and lower slope at two adjacent, geographically 
similar watersheds. In almost all parameters, the soil quality under cultivated was better as 
compared to bushland soils and grazing land soils. The results support the hypothesis that the 
conversion of forest to other land use may lead to massive losses in soil carbon, soil nitrogen, 
and other nutrients. This supports the view that the present land management is not sustainable. 
For low external input farming systems in the study area, the changes in SOC and other soil 
Physico-chemical properties would have implications in the productivity of the system as well as 
environmental degradation.
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However, an increase in carbon stock in land use can achieve through sustainable watershed 
management including land degradation, soil productivity, and afforestation. The correlation 
analysis revealed that the SOC results obtained from the Loss ignition method correlated closely 
(r = 0.69) with the values of the WB method). According to my results, the elemental analysis was 
the most satisfactory method for carbon quantification, due to its better accuracy.  
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