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ABSTRACT 
 

The study was conducted at the degraded land soils of the Abuhoy Gara Catchment, which is 

located in the Gidan District of North Wello Zone, Ethiopia to determine the impact of land use 

type and soil depth on the distribution of soil physical and chemical properties. Soil samples were 

collected from representative locations with four replications at two depths, surface (0-15 cm) and 

subsurface (15-30 cm) of cultivated, grazing and bush land use types. One hundred eighty soil 

samples were collected from the depths of 0-15 and 15-30 cm each in a radial sampling scheme 

using an auger. Totally, twelve composite soil samples were collected using flexible grid survey 

method of 1:30,000 scales. The collected samples were air-dried, homogenized and sieved to pass a 

2 mm mesh sieve for the standard physical and chemical analyses.  Results showed that the soil 

physical and chemical properties were significantly affected by the interaction of land uses and soil 

depths. Silt content decreases while clay content increases across depth from surface to subsurface 

soils. The lowest pH-H2O was registered at the subsurface soils of the grazing lands, while the 

highest was recorded at the surface soils of the bush land. The interaction effect of land use by soil 

depth on the variability of soil organic matter was significantly higher at surface layer of the 

grazing land and lower at surface layer of cultivated land. Similarly, soil total nitrogen was highest 

in surface layer of the grazing land, while it was lowest in subsurface layer of the bush land. 

Exchangeable bases were highest in surface soils of the bush land and lowest in the surface soils of 

cultivated land. The contents of both exchangeable bases were decreasing with soil depth in all 

land uses except the bush land. Significant difference in cation exchange capacity contents was 

observed as highest in surface soil layer of the bush land and lowest in surface soil layer of the 

cultivated land. From the results of the study, it can be concluded that the interaction of land use 

with soil depth showed negative effects especially disturbance of soil nutrient status on cultivated 

land in surface soils. In general, the spatial variability of soil properties indicates the soil 

conditions were strongly affected by inappropriate land use and soil management practices 

including soil depth. Therefore, reducing intensity of cultivation, adopting integrated soil fertility 

management and application of organic fertilizers could maintain the existing soil condition and 

replenish degraded soil properties. 

 

Keywords: Land uses, soil depth, soil physical and chemical properties, watershed  

 
1.0. Introduction 

 

Securing food and a livelihood is inextricably linked to the exploitation of the natural resource base 

(land, water and forest) in Ethiopia, where over 85 percent of the population lives in rural areas and 

contribute significantly to the total export value (Alemneh, 2003). Land degradation, mainly due to 

soil erosion and nutrient depletion, has become one of the most important environmental and 

economic problems in the highlands of Ethiopia (World Bank, 2008). And it was estimated that half 

of the Ethiopian highlands’ arable lands are moderately to severely degraded and nutritionally 

depleted due to pressure of intense human activity and improper farming and management practices 
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such as over cultivation, over grazing, primitive production techniques, and over dependent on rainfall 

(Hugo et al., 2002). As the interaction between natural and anthropogenic management system 

persists (Assefa and van Keulen, 2009), soil undergoes vertical exchange of materials which in turn 

resulted in physical and chemical changes from surface soil to sub-soils (Brady and Weil, 1999). 

Human management system such as frequent plowing and tillage for the purpose of cultivation, 

grazing or similar uses changes the proportions of many soil properties with changing depths (Ali et 

al., 1997; MacCarthy et al., 2013).  According to the report by Islam and Weil (2000), tillage 

mechanically disintegrates soil particles and modifies soil conditions for plant growth and intensive 

leaching, and hastens organic matter decomposition. Sheet erosion and intensive leaching process 

leads to higher concentration of clay content and lesser concentration of calcium, magnesium, 

potassium and sodium in the subsoil than the topsoil (Adeboye et al., 2011). 

Although, as soil quality has emerged as a leading concept in natural resource conservation and 

protection, the agricultural land area expansion with uncontrolled farming pose serious threats to the 

sustainability and the suitability of soil for crop production which is based on the quality of the soil’s 

physical, chemical and biological properties. On the other hand, there is no available study that 

examines dynamics of soil properties under different land covers to establishing appropriate 

management options and to restoring degraded soils in the highlands. So, stronger emphasis is now 

being placed on appropriate fertility management technologies to enhance these dynamic soil 

properties by understanding soil performances. Research investigation in relation to soil fertility status 

in line with land use and soil depth can provide information on soil suitability for crop production, 

diagnosing soil constraints for agriculture and improved technique for future rehabilitation program 

which can serve as a basis for fertilizer recommendations. The outcome of the investigation can 

provide suitable guidelines for future research on the development of promising conservation 

technologies and implementation approaches. The objective of the study was to determine the impact 

of land use types and soil depths on the distribution of soil physical and chemical properties in eroded 

soils of Aboy Gara watershed. 

 

2.0. Methodology 

2.1. Description of the study area 

The study was conducted at Abuhoy Gara catchement in Gidan district (Figure 1) which is found in 

North Wollo Zone of Amhara National Regional State, Ethiopia. Gidan is bordered by Tigray Region 

in the North; Gubalafto district in the North east; Meket district in the south east and Lasta district in 

the south and south west. Astronomically, it is located between 11053’-12016’ North and 

39010’_39035’ east39010’_39035’ East. Muja is the administrative town of the district and is situated 

at about 595km from the capital city, Addis Ababa. According to the district agricultural office report, 

the population of the study catchment is 580 people of whom 420 are male and 160 are female. The 

total area of Abuhoy Gara catchment is about 615 hectares (250 hectares cultivated and 365 hectares 

none cultivated lands). According to North-East Amhara meteorological data service, the mean annual 

rainfall is 1100 mm with mean annual maximum and minimum temperature of 21.23°C and 9.57°C, 

respectively. The topography and land form of the area is dominated by rolling hills dissected streams 

and valleys. The altitude ranges from 3,089 to 3,559 m.a.s.l (having an average altitude of 3,324 

m.a.s.l). The topography of the watershed (i.e., at total of 1819 ha) is characterized as 15% gentle 

slopes, 53.6% steep slope, 31.4% very steep. The dominant form of agriculture is subsistence farming 

and livestock keeping. The dominant crops include; wheat, barley and faba bean have been cultivated 

during the main rainy season. Livestock production is an essential part of the farming system. Most 

farm households keep cattle dominated by oxen and small stock including sheep, poultry, and equines. 
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Figure 1: Location Map of the Study Area 

 

2.2. Methods of data collection 

2.2.1. Sampling field observation 

At the beginning, a general visual field survey of the area was carried out to have a general view of 

the variations in the study area. Global Positioning System (GPS) readings were used to identify the 

geographical locations and the coordinate system where samples were taken, and clinometers were 

used to identify slopes of the sampling sites. Representative soil sampling fields were then selected 

based on vegetation and cultivation history and they are categorized bush, grazing and cultivated 

lands.  

 

2.2.2. Soil sampling 

Soil samples were collected from representative sampling sites with four replications (higher slope, 

middle slope, intermediate slope and lower slope positions) from two soil depths of the bush, grazing 

and cultivated lands representative fields using an auger (Ryan et al., 2001). Totally, twelve 

composite soil samples from surface (0-15 cm) and subsurface (15-30 cm) soil layers were collected 

using flexible grid survey method of 1:30,000 scales. Each composite sample was made from a pool 

of fifteen point samples and from the twelve composite soil samples major soil fertility parameters 

were analyzed. The samples were placed in a numbered calico bag with tightly fitting lid and labeled 

carefully with the location, representative field and depth of soil. The soil samples collected from 

representative fields’ were then air-dried, mixed well and passed through a 2 mm sieve for the 

analysis of selected soil physical and chemical properties. Before sampling, forest litter, grass, dead 

plants and any other materials on the soil surface were removed and during collection of samples, 

field/terrace edges, furrow, old manures, wet spots, areas near trees, compost pits, fields used as 

kitchen gardens and fertilizer bands were excluded. 

 

2.3. Method of data analyses 

2.3.1. Soil laboratory analysis 

The collected samples were air-dried, homogenized and sieved to pass a 2 mm mesh sieve for soil 

physical and chemical analyses. Particle-size distribution (sand, silt and clay) was determined using 

bouyoucos hydrometer method procedures (Black et al., 1965). Soil pH was determined using the 

method reported in McLean, (1982) as follows; 1g of soil was dissolved in 2.5ml of IM solution of 

potassium chloride. The mixture was stirred intermittently for 1 hour and the resultant pH was 

measured using a pH meter fitted with a glass electrode. The exchangeable acidity present in the soil 
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was determined by titration method using 0.01M sodium hydroxide (NaOH) after extraction with 1M 

potassium chloride (KCl) (Sumner and Stewart, 1992). Organic carbon was analyzed by Walkley - 

Black wet digestion method (Bremner and Mulvaney, 1982; Nelson and Sommers, 1982). Soil 

organic matter was computed by multiplying soil organic carbon by a factor of 1.724 (Baruah and 

Barthakur, 1997). Total nitrogen was determined using Kjeldahl method (Okalebo et al., 1993). 

Available phosphorous was analyzed using the Olsen sodium bicarbonate extraction solution (pH 8.5) 

method (Olsen et al., 1954) and the amount of available phosphorous was measured by 

spectrophotometer. The concentration of exchangeable cations (calcium, magnesium, potassium, and 

sodium) present in the soil was determined with the aid of AAS (atomic absorption 

spectrophotometer; Shimadzu AA-6800) after extraction with 1M Ammonium acetate (NH4OAc) 

buffered at pH 7. The cation exchange capacity of the soil was determined by 0.05M potassium 

sulphate (K2SO4) using the soil used for the basic exchangeable cation determination or by the neutral 

ammonium acetate (CH3COONH4) saturation method (Ryan et al., 2001). The exchangeable bases in 

the ammonium acetate filtrates collected above were measured by atomic absorption 

spectrophotometer (Ryan et al., 2001).  

 

2.3.2. Data analysis 

Soil parameter readings were subjected to statistical analysis using; univariate statistics (plot design), 

interaction plot to view land-use and soil depth effect. On the statistical significance of land-use and 

soil depth on the soil physical and chemical properties, one way analysis of variance was done. The 

statistical analysis was implemented using R-studio. When there was statistically significant 

difference (alpha = 0.05 level) on single or interaction effect, mean separation was done using lm and 

cld functions with Tukey’s test. 

 

3.0. Results and Discussion 

3.1. Soil texture 

Results of the statistical analysis reveal that both silt and clay contents were significantly affected by 

the interaction of land uses and soil depths (P ≤ 0.05). Likewise, the sand fraction was varied 

significantly at (P ≤ 0.05) as a result of the interaction of land use and soil depth (Table 1and Figure 

1). Considering the interaction effects of land use by soil depth on soil particle fraction distribution, 

the highest interaction mean of sand (67.25%), and silt (26.50%) fractions were observed in both 

surface (0-15cm) and subsurface (15-30cm) soils of the grazing land compared to cultivated and bush 

lands. On the other hand, the highest clay content (25.50%) was recorded at the subsurface layer of 

the cultivated land, whereas the lowest (56.00%) sand and (6.25%) clay contents were observed at the 

surface layer of cultivated and grazing lands, respectively. Silt content decreases while clay content 

increases across depth from surface to subsurface soils. The increase in clay contents with depth under 

all land use types may be due to translocation of clay from surface to subsurface layers, which 

ultimately increase the proportion of silt content in the surface soil layers (26.5% in surface layer of 

grazing land). The result is in agreement with the findings of Boke (2004) who reported high sand 

content in grass land soils in Southern Ethiopia.  

From the results, it was observed that; there were high differences in particle size distribution in the 

interaction of land use types with soil depth since these watersheds are highly affected by changes in 

land management. The result was in agreement with the results reported in Agoume and Birang 

(2009), who found that land-use systems and soil depths significantly affected the sand, the clay and 

the silt fractions of the soils size distributions in Cameroon. The clay content of the cultivated land 

increased with soil depth. This may be due to the intensive and continuous cultivation which might 

cause the surface that increases translocation of clay particles. This finding is similar that reported in 

Shiferaw (2004) who reported an increase in clay content with depth under cultivated lands due to 

long period of cultivation. The highest clay content observed in soils of the cultivated land could be 
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attributed to the mixing of soil during tillage activities as was also reported in Heluf and Wakene 

(2006), Tematio et al. (2011), Aminu et al. (2013) and Aung et al. (2013).This result contradicts with 

the result reported in Jaiyeoba (2001) were it was observed that the clay content of cultivated land 

reduces with depth due to the intensive and continuous cultivation which might cause compaction of 

the surface that reduces translocation of clay particles within the different layers coupled with profile 

mixing by tillage activities. The highest clay content in the bush land might be due to the effect of soil 

forming process which can be similar to the report by Buol (1997), that the accumulation of clay in 

the subsurface horizon could also be contributed by the in situ synthesis of secondary clays or the 

residual concentration of clays from the selective dissolution of more soluble minerals of coarser 

grain size in the B horizon. 

 

Table 1: Interaction effect of land use and soil depth on particle size ((sand, silt and clay) distribution 

of the soils in Abuhoy Gara watershed 

Land use types 

Soil depth 

(cm) 

Soil textural fraction (%) Soil textural class 

(USDA) Sand Silt Clay 

Cultivated  

0-15 56.0a 21.0b 23.0cd Sandy clay loam 

15-30 59.5ab 15.3a 25.5d Sandy clay loam 

Grazing  

0-15 67.3c 26.5c 6.3a Sandy loam 

15-30 65.3c 24.5c 10.3b Sandy loam 

Bush land (shrub & some 

trees) 

0-15 60.0ab 17.0a 23.0c Sandy clay loam 

15-30 60.0b 16.0a 24.0cd Sandy clay loam 

Land (F value)   50.16 119.8 913.3  

Land -Pr(>F)        4.4e-08 *** 4.0e-11 *** < 2.2e-16 ***  

Soil depth (F value)                0.5 34.5 41.0  

Soil depth -Pr(>F)   0.48ns  1.5e-05 *** 5.0e-06 ***  

Land use x Soil depth (F 

value) 

  4.58 8.124 7.37  

Land use x Soil depth-Pr 

(>F) 

  0.02 *  0.00306 ** 0.005 **  

SEM (+)   0.88 0.62 0.42  

*Interaction means within a specific soil parameter followed by the same letter(s) are not significantly different 

from each other at P ≤ 0.05; ‘***’ 0.001;  ‘**’ 0.01;  ‘*’ 0.05; SEM = Standard Error of Mean 

 

 

 

 

 

 

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 1: The effect of land uses and soil depths on particle size distribution 
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3.2. Soil Chemical properties 

3.2.1 Soil Reaction (pH) 

The soils pH-H2O value was significantly affected by the interaction of land uses and soil depths (P ≤ 

0.01). The lowest (5.69) pH-H2O was registered at the subsurface layer of the grazing land soils, 

while the highest (6.71) was recorded at the surface layer of the bush land soils (Table2 and Figure 2). 

The lowest pH at the subsurface layer of the grazing land could be the result of high organic matter 

content, while the highest pH in the surface layer of the bush land could be the result of accumulation 

of basic cations. The lowest value of pH under the surface layer of the cultivated land may be due to 

two major reasons. The first is the depletion of basic cations in crop harvest and drainage to streams in 

runoff generated from accelerated erosions. Secondly, it may be due to its highest microbial oxidation 

that produces organic acids, which provide H ions to the soil solution and thereby lowers the soil pH.  

In general, according to study report by Fu, (2000) and ZhaoQ (2008), continuous cultivation 

practices, excessive precipitation, and application of inorganic fertilizers could be some of the factors 

which are responsible for the variation in pH in the soil profiles. The highest pH observed at the 

subsurface layer of the cultivated land could be attributed to the leaching of basic cations and soil 

erosion through tillage as was also reported in Fungo et al. (2011) and Kumar et al. (2012). 

Table 2: Land use and soil depth effect on chemical properties of the soils in Abuhoy Gara watershed 

Land use types Soil 

depth 

(cm) 

Selected soil chemical properties 

pH  

(1:2.5 H2O) 

Total 

Nitrogen % 

Organic matter 

% 

Available Phosphorus 

(PPM) 

Cultivated  0-15 5.93ab 0.121ab 0.920a 7.12c 

15-30 6.03ab 0.104ab 1.110ab 7.31c 

Grazing  0-15 6.28bc 0.240c 2.343d 3.50ab 

15-30 5.69a 0.103ab 1.475c 4.25b 

Bush land (shrub & some trees) 0-15 6.71c 0.132b 1.583c 3.84ab 

15-30 5.93ab 0.045a 1.260b 2.46a 

Land  (F value)  6.397 10.9888 175.133 75.8060 

Land  -Pr(>F)  0.0079662** 0.0007605*** 1.592e-12*** 1.707e-09*** 

Soil depth  (F value)  22.661 29.5405 72.882 0.5393 

Soil depth  -Pr(>F)  0.0001564*** 3.656e-05*** 9.597e-08*** 0.47217 

Land use  x Soil depth (F value)  8.841 5.4932 61.147 4.3598 

Land use  x Soil depth Pr(>F)  0.0021155** 0.0137311* 9.421e-09*** 0.02857* 

SEM (+)  0.1095588 0.0182 0.04782056 0.3488249 

*Interaction means within a specific soil parameter followed by the same letter(s) are not significantly different 

from each other at P ≤ 0.05; ‘***’ 0.001;  ‘**’ 0.01;  ‘*’ 0.05; SEM = Standard Error of Mean 

Generally, the pH values observed in the study area are within the ranges of moderately acidic to 

neutral soil reactions as indicated by Foth and Ellis (1997). In general, except at cultivated land, pH 

values decreased with increasing soil depth (Table 2). The reason can be attributed to the reduction of 

basic caions along soil depth which lowers soil pH from top to down the soil layers.  

 

 

 

 

 

 

 

 

**LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 2: The effect of land uses and soil depths on soil pH 
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3.2.2 Soil Organic Matter (OM): 

Soil organic matter content was significantly affected by the interaction of land uses with soil depth (P 

≤ 0.01) (Table 2 and Figure 3). The interaction effect of land use by soil depth, on the variability of 

soil organic matter was significantly higher (2.343%) at surface layer of the grazing land and lower 

(0.920%) at surface layer of cultivated land (Table 2). Following this, the percentage changes in 

organic matter content of subsurface soil from surface soil were decreasing in grazing and bush lands 

uses unlike cultivated land use. This implies that the litter on the soil surface beneath different canopy 

layers and high biomass production caused high biological activity in the topsoil layers of grazing and 

bush lands, whereas the depletion organic matter due to intensive cultivation of the land which results 

the total removal of crop residues for animal feed and source of energy intensifies oxidation of 

organic matter at cultivated land. 

The low organic matter content in the study area might have resulted in insufficient inputs of organic 

substrate from the farming system due to deforestation, open grazing, residue removal and zero crop 

rotation as was also reported by Nega and Heluf (2009). The highest change of organic matter with 

depth under grazing land might be attributed to continuous accumulation of un-decayed and partially 

decomposed plant and animal residues mainly in the surface soils of forestland, in addition to high 

rate of interception and infiltration coupled with absence of erosion as reported in Morgan (2005). A 

similar finding reported in (Urioste et al. (2006) revealed that roots of the grass and fungal hyphae are 

probably responsible for the high amount of total organic matter in grass land. On the distribution of 

soil organic matter, Berhanu (1980), reported that the soils in the study area ranges from very low 

(0.92% in surface soil) in cultivated land to medium (2.343% surface soil) in grazing land.  

 

 

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 3: The effect of land uses and soil depths on organic matter content 

 

3.2.3. Soil Total Nitrogen 

Similar to organic matter content, the mean total nitrogen content of the soils was also affected by the 

interaction of land use and soil depth significantly (P ≤ 0.05) (Table 2 and Figure 4). Soil total 

nitrogen was the highest (0.240%) in surface layer of the grazing land, while it was lowest (0.045%) 

in subsurface layer of the bush land (Table 2). The percentage changes in total nitrogen content of 

subsurface soil from surface soil were decreasing in all land uses. This implies that the surface soil 

layer is the most biologically active of the soil profile. The highest change of organic matter with 

depth under bush land might be attributed to continuous accumulation of un-decayed and partially 

decomposed plant and animal residues mainly in the surface soils of bush land as reported in 

(Morgan, 2005). Similar to organic matter, the percentage changes in total nitrogen content of subsoil 

from topsoil were decreasing in all land uses. Thus, total nitrogen is higher in topsoil than in the 

subsoil probably due to losses in organic matter by mineralization in the subsoil. This is expected 

because organic matter is the major source of soil organic matter and total nitrogen contents. Results 

indicate that conversion of the grazing land into cultivated land has resulted in loss of 49.6% of total 

nitrogen from the soils. The considerable loss of total nitrogen from soils following conversion of 
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land from forest to cultivated land is reported in (Mulugeta et al., 2005; Eyayu et al., 2009; Mojiri et 

al., 2012).  Moreover, as reported by Bahrami et al., (2010); Heshmati et al., (2011); Taye, (2011),  

lower total nitrogen content was observed in soils of cultivated lands as compared to soils of natural 

forest lands.  According to the classification of soil total nitrogen as per the ranges suggested by 

Landon (1991) and Tekalign (1991), the soils of the study area are very low to low (0.103-0.240%) in 

total nitrogen content. 

All of the studied soils were less than 0.5% of total nitrogen which might be due to high rates of 

microbial decomposition and nitrogen transformation took place at the cultivated lands. The change in 

total nitrogen was highest under grazing this may be due to abundance of legume plants and 

Azotobacter algae (able to fix atmospheric nitrogen), decaying plant and animal matter, and nitrogen 

compounds produced by thunderstorms (Hall, 2008). The lowest change of total nitrogen under 

cultivated land compared to grazing land implies that fertilizer applications may not have replaced the 

total nitrogen lost due to harvest removal, leaching, and humus losses associated with cultivation 

(Eyayu et al., 2009).  

 

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 4: The effect of land uses and soil depths on total nitrogen 

 

3.2.4. Soil Available Phosphorus  

The available phosphorus was significantly (P ≤ 0.05) affected by the interaction of the two factors 

(Table 2 and Figure 5). The content of available phosphorus in the cultivated land appeared to be 

significantly higher than the other two land use types. Available phosphorus was highest (7.31ppm) in 

subsurface soil and (7.12 ppm) in surface soil of cultivated land, while it was the lowest (2.46 ppm) 

subsurface soil under bush land (Table 2). The higher in available phosphorus contents in soils of 

cultivated land were due to continuous application of mineral phosphorus fertilizer for few years as 

indicated by different farmers in the area. This was assured by Vander Eijk et al. (2006) that the high 

content of phosphorus under maize farms than of grass land soils could be due to the continuous 

application of phosphorus fertilizer applications. Similarly, Boke (2004) also found that high 

availability of phosphorus under enset farms which is due to rapid mineralization and additions of 

manure and crop residue. 

According to Landon (1991) available soil phosphorus level of < 5 mg/kg is rated as low, 5-15 mg/kg 

as medium and > 15 mg/kg is rated as high. Thus, the mean available phosphorus content of the soils 

of the study area, with the exception of both layers of the cultivated land, were less than 5 mg/kg 

qualifying for the low range. The soil of the study area are in agreement with the results reported by 

many authors Murphy (1968), Tekalign et al. (2002) and Abebe and Endalkachew (2012) that the 

availability of phosphorus under most soils of Ethiopia decline by the impacts of fixation, abundant 

crop harvest and erosion. 
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.  

 

  

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 5: The effect of land uses and soil depths on available phosphorus  

 

3.2.5. Exchangeable Bases, Cation Exchange Capacity and Exchangeable Acidity 

The content of exchangeable calcium (Ca2+) was significantly (P ≤ 0.01) affected by the interaction of 

land uses by soil depths. Similarly, the content of exchangeable magnesium (Mg2) was significantly 

(P ≤ 0.001) affected by the interaction of land uses by soil depth (Table 3 and Figure 6).  

 

Table 3. Land use and soil depth effect on chemical properties of the soils in Abuhoy Gara watershed 

Land use types  Depth 

(cm) 

Exchangeable bases, cation exchange capacity and exchangeable acidity (cmol(+)/kg) 

Ca+ Mg+ K+ Na+ CEC Ex. acidity 

Cultivated  0-15 4.73a 1.83a  0.47a 0.25a  13.94a 0.263c 

15-30 5.40a 2.09ab 0.84b 0.30abc  15.15ab 0.200b 

Grazing  0-15 5.97a 2.90c 1.15c 0.32abc 15.81ab 0.043a 

15-30 4.53a 2.47abc 0.85b 0.38c 17.19b 0.045a 

Bush land (shrub 

& some trees) 

0-15 11.43b 5.13d 2.08e 0.34bc 28.13d 0.042a 

15-30 7.20a 2.84bc 1.73d 0.26ab 25.20c 0.025a 

Land  (F value)  29.2826 73.462 232.143 8.0728 381.8734 171.1957 

Land  -Pr(>F)  2.194e-06 *** 2.197e-09 *** 1.405e-13*** 0.003144** 1.819e-15*** 1.934e-12*** 

Soil depth  (F 

value) 

 10.5346 51.764 3.375 2.5520 0.0818 6.8640 

Soil depth  -

Pr(>F) 

 0.004488 ** 1.073e-06 *** 0.08276 0.127562 0.7780748 0.01736 * 

Land use  x Soil 

depth (F value) 

 7.6235 22.279 22.378 7.1200 13.4140 3.8318 

Land use  x Soil 

depth Pr(>F) 

 0.003997 ** 1.352e-05 *** 1.314e-05*** 0.005271** 0.0002713*** 0.04108 * 

SEM (+)  0.6289 0.1692 0.06 0.0192 0.4709 0.0120 

*Interaction means within a specific soil parameter followed by the same letter(s) are not significantly different 

from each other at P ≤ 0.05;  ‘***’ 0.001;  ‘**’ 0.01;  ‘*’ 0.05; SEM = Standard Error of Mean; CEC = Cation 

Exchange Capacity; Ex.Acidity =Exchangeable Acidity 

 

Exchangeable calcium (Ca2+) was the highest (11.43cmol(+)/kg in surface soil and 7.20cmol(+)/kg) in 

subsurface soil under bush land and the lowest (4.53cmol(+)/kg in subsurface soil and 

4.73cmol(+)/kgin surface soil) under grazing and cultivated lands, respectively. Likewise, 

exchangeable magnesium (Mg2+) was highest (5.13cmol(+)/kg in surface soil) under bush land and 

lowest (1.83cmol(+)/kg in surface soil) under cultivated land (Table 3). The contents of both 

exchangeable Ca2+ and Mg2+were decreasing with soil depth in all land uses except bush land (Table 

3). These indicate that there was higher down ward leaching of basic cations in the crop field than in 

the other land use practices. But in the subsurface soil, their values were declined probably due to 

leaching, decomposition, plant root uptake, runoff and erosion. The highest contents of Ca2+and 

Mg2+in  bush land was may be attributed to leaves from plant falls, animal manures, macrofauna and 

soil microform and microbial activities common in this land use (Korkanc et al., 2008). The lowest 
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value obtained on the cultivated land could be also be related to influence of intensity of cultivation 

and abundant crop harvest with little or no use of input as reported by Singh et al. (1995) and He et al. 

(1999). According to the rating set by Landon (1991), the calcium and magnesium contents of soils in 

the study area ranged from high in surface cultivated land to very high in surface bush land (Table 3).  

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 6: The effect of land uses and soil depths on exchangeable Ca2+ and Mg2+ 

 

Exchangeable potassium (K+) content was significantly (P ≤ 0.001) affected by the interaction of land 

uses by soil depths (Table 3). On the other hand, the content of exchangeable sodium (Na+) was 

significantly affected by interaction of land uses by soil depths (P ≤ 0.01).Exchangeable potassium 

(K+) was highest (2.08 cmol(+)/kg in surface soil) under bush land and lowest (0.47cmol(+)/kg in 

surface soil under cultivated land (Table 3 and Figure 7). Similarly, the highest (0.38 cmol(+)/kg in 

surface soil) and the lowest (0.25 cmol(+)/kg in surface soil) exchangeable Na+ contents were recorded 

at the bush and the cultivated lands, respectively. The percentage changes in K+ and Na+ contents of 

subsurface soil from surface soil were decreasing in all land uses. The highest content in the bush land 

was related with its high pH value and was in agreement with study results reported by Mesfin (1996) 

that high K+ was recorded under the high pH tropical soils. In addition, the highest variability of K+ 

with depth under grazing land may be attributed to cattle manure supplied to the surface soil. The low 

exchangeable K+ contents observed under cultivated land could probably due to continuous 

cultivations and inorganic farming practices in the study area which is supported by previous findings 

that indicate intensity of weathering, cultivation and use of acid forming inorganic fertilizers affect the 

distribution of K+ in the soil system and enhance its depletion Malo (2005) and(Baker et al., 1997). 

The ranges of mean exchangeable K+ values observed in this study show that K+ was above the 

critical levels (0.38 cmol(+)/kg) for the production of most crop plants as indicated by Barber (1984). 

According to the rating set by Landon (1991), the Na+ contents of soils in the study area is low. 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 7: The effect of land uses and soil depths on exchangeable K+ and Na+ 

 

The cation exchange capacity values of the soils in the study area were significantly (P ≤ 0.001) 

affected by land use and the interaction of land usewith soil depth (Table 3 and Figure 8). Significant 

difference in cation exchange capacity contents due to the interaction of land use and soil depth was 

observed in the study area as highest (28.13 cmol(+)/kg) in surface soils of the bush land and lowest 

(13.93cmol(+)/kg) in surface soils of the cultivated land. The cation exchange capacity values 
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increased from the surface to the subsurface layer under different land use types except the bush land 

(Table 3).The highest cation exchange capacity in the surface layers of bush land use could be the 

result of the high organic matter accumulation, whilst the lowest cation exchange capacity at the 

surface layer of cultivated land use could be the result of leaching and down ward movement of 

organic matter and clay particles as was also reported by Fassil and Yamoah (2009). According to 

Landon (1991), the top soils having cation exchange capacity of > 25, 15-25 cmol(+)/kg, 5-15 

cmol(+)/kg and < 5 cmol(+)/kg are classified as high, medium, low and very low, respectively. Based on 

the above ratings, the surface soils of the bush, the grazing and the cultivated lands qualify for high, 

medium and low status of cation exchange capacity, respectively (Table 3). 

 

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 8: The effect of land uses and soil depths on cation exchange capacity (CEC) 

 

The exchangeable acidity was significantly the interaction of land uses by soil depths (Table 3 and 

Figure 9). The highest (0.263cmol(+)/kg surface) in the cultivated land and the lowest (0.025 

cmol(+)/kg subsurface, 0.042 cmol(+)/kg in surface, 0.045 cmol(+)/kg in subsurface, 0.043 cmol(+)/kg in 

surface) exchangeable acidity were recorded under the cultivated, bush and the grazing lands, 

respectively (Table 3). These results show that deforestation, intensive cultivation and application of 

inorganic fertilizers leads to the higher exchangeable acidity content under the crop field than others 

land uses. The results of this study were in agreement with those reported by different researchers 

(Baligar et al., 1997; Wakene, 2001), who reported that inorganic fertilizer application is the root 

cause of soil acidity.  

 

 

 

 

 

 

 

*LW= Subsurface layer; UP = Surface layer, CL = Cultivated land, FL = Bush land, GL = Grazing Land 

Figure 9: The effect of land uses and soil depths on exchangeable acidity 

 

4.0. Conclusions 

The soil organic matter and total nitrogen contents of soils in the study area ranged from very low to 

low/medium. In other words, results of the study indicate that the soil conditions in the cultivated land 
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is getting below the condition of soils under bush and grazing lands. The interaction of land use with 

soil depth showed negative effects especially disturbance of soil nutrient status on cultivated land 

soils in surface soils. In general, the spatial variability of soil properties indicates the soil conditions 

were strongly affected by inappropriate land use, soil management practices and soil depth. Therefore, 

this study reinforces the sustainable land use by reducing intensity of cultivation, adopting integrated 

soil fertility management and application of organic fertilizers thereby maintaining the existing soil 

condition and replenish degraded soil properties. 
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