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Abstract: This study was conducted at sire moresse area closure, Hidabu abote district, North shewa zone, Oromia 

Regional State to evaluate the effects of area closure on selected physic-chemical properties of soils. In this study area 

closure sites were compared with adjacent open grazing land in similar landscape positions for soil fertility buildup. Soil 

samples were collected from the experimental fields using Randomized Complete Block Design (RCBD) with factorial 

arrangement to evaluate selected soil physico- chemical properties. Data analyses were carried out using analysis of 

variance appropriate to general linear model (GLM). A total of 36 undisturbed and 36 disturbed soil samples were collected 

from both closed and open grazing land at 10 and 20 cm sampling depths along each slope position with three replication. 

The result of the study indicated that the mean value of most of soil physical and chemical properties were higher at area 

closure than adjacent open grazing land and also higher at bottom slope position than middle and upper slope position. The 

mean of Air filled porosity and Bulk density were lower at both area closure management practices and bottom slope 

position. Bulk density, Total Porosity, volumetric soil moisture content and saturated hydraulic conductivity at 20 cm 

sampling depth were shows significantly different with respect to management practices. Similarly, soil chemical properties 

such as EC, OC, AvP and CEC were shows significantly different with respect to management practices. Soil structure 

quality, Texture, BD, TP, SMC, EC and TN were shows significantly different under the three slope position. The overall 

output from the research showed that physical and chemical properties of soil in area closure areas are improving. Area 

closures act as important sinks of water and reduce soil erosion. From this study it was possible to conclude that area 

closure improves soil physical and chemical properties. 
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1. Introduction 

Land degradation is a serious global environmental 

problem. However, wide disparity exists on the extent, depth, 

type and drivers of the problem [20]. Improper land use, 

drought, vegetation loss, soil erosion are the principal agents 

[29, 58] and soils play a central role in protection and 

regulation of land resources. 

The problem of soil degradation in Ethiopia is a well-

established fact and the apparent soil degradation in the 

country today can be regarded as a direct result of the past 

agricultural practices in the high lands. [41] Have also 

confirmed that anthropogenic effects continue to be the 

causes and driving factors for soil degradation in Ethiopia. 

Land use changes, mainly conversion of natural forest to 

agricultural and grazing lands are known to result in changes 

in soil chemical, physical and biological properties [25], yet 

the sign and magnitude of these changes vary with land cover 
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and land management [11]. Conversion of natural landscapes 

into cultivated and grazing systems cause an abrupt decline 

in soil organic matter and reduces the nutrient content of soil 

through reduced litter production, increase erosion rates and 

decomposition of organic matter by oxidation [13]. 

Unmanaged livestock overgrazing of grass land is one of the 

most important factors that results in grass land degradation, 

soil erosion and nutrient losses [55]. 

Soil degradation is a term that encompasses processes 

involving the degradation of soil physical, biological and 

chemical characteristics and/or conditions and soils are a 

vital natural resource that is not capable of being renewed on 

the human time scale [30]. It is a living and dynamic natural 

body that plays many key roles in terrestrial ecosystems, for 

instance, as sources of available nutrients to plants, 

maintenances in hydrological stability and biological 

diversity. Degradation of soil quality is manifested through 

water and wind erosion, organic matter and nutrient 

depletion, soil compaction, soil acidity, and decreased 

microbial activity [9]. Sustaining soil and environmental 

features are the most effective methods for ensuring 

sufficient food supply to support life, reduce soil degradation 

and improve soil health [50]. 

In Ethiopia, only 25% of the land rehabilitation targets in 

terms of reforestation efforts and soil conservation schemes 

have been accomplished and most of the physical soil 

conservation measures and community forest plantations 

were destroyed [4]. To combat these severe resource 

degradation problems national level environmental 

conservation and rehabilitation efforts were started by the 

Government of Ethiopia (GoE), since 1980s, has supported 

rural land rehabilitation through watershed development 

approach; and management has moved from a focus on 

physical SWC to the integration of social, economic, and 

environmental development [39]. 

In this regard, the practice of establishing area closures has 

emerged as a promising practice in different parts of 

Ethiopia, namely in Tigray [40], and Welo and Shewa [51]. 

Area closures are areas selected for natural regeneration 

of the native flora as a means of land reclamation through 

protection of the areas from human and animal interference 

[5] and It reduce nutrient loss from a site by controlling 

runoff (vegetation acting as a physical barrier to soil 

erosion), this eventually improves the capability of the land 

to support diverse plant species, including exotic 

plantations [38]. Since the objective of most area closures is 

for site rehabilitation, they were usually established in steep, 

eroded and degraded areas used for grazing and crop 

production in the past [5, 19]. 

According to the reports from case studies conducted on 

closure in the central and northern highlands of Ethiopia; 

area closure had twice the plant species richness and 

diversity value compared with communal grazing lands after 

22 years of closure establishment [52] and an increase in soil 

organic matter of 1.1% and total N of 0.1% after 10 years of 

closure establishment [35, 36]. Also, a considerable decrease 

in soil loss was reported after the establishment of area 

closure on communal grazing lands [15, 22, 24] reported that 

the soil physical properties (soil texture, soil moisture 

content, soil bulk density and water holding capacity) are 

shows significant changes under closure than opened land 

(control) ones. Area Closures also reduce nutrient loss from a 

site by controlling runoff (vegetation acting as a physical 

barrier to soil erosion) [52]. 

Due to overgrazing, the natural vegetation in the northern 

highlands of Ethiopia has virtually disappeared, leaving 

degraded communal grazing lands with irregularly spaced 

trees and shrubs and vast areas of bare lands devoid of 

vegetation [6]. 

Most of the communal lands in North Shewa Zone of 

Oromia Region, particularly Hidabu Abote District are 

degraded and unproductive due to the deterioration of the 

physical, chemical, and biological properties of the soil, 

mainly due to accelerated rate of soil erosion and poor 

management practices [43]. Although the restoration ecology 

and buffering effect of closed areas have been well studied 

[2, 14], there are relatively few studies in the country, which 

would provide a measure of the effect of area closure as one 

strategy to help prevent decline of soil fertility and improving 

soil quality. 

Furthermore, there are no enough quantitative studies that 

analyze the impact of area closure on soil physical and 

chemical properties in the country, particularly in this study 

area. 

Therefore, this study was initiated in the light of assess the 

possible effects of area closure compared to adjacent open 

grazing land on selected soil physical and chemical 

properties in the study area. 

2. Materials and Methods 

2.1. Description of the Study Area 

The study area is situated in Oromia Regional State of 

Ethiopia at North Shewa Zone, Hidabu Abote district. 

Geographically, it lies between 9°48'30''N and 10°4’40’’N 

latitude and 38°24'0''E and 38°40'12'' E longitude (figure 

1). It is at about 142 km in north of Addis Ababa, the 

capital of Ethiopia and 30 km from Fitche town, the Zonal 

capital. 

Average annual temperature varies from 13 to 23°C, while 

the annual rainfall varies between 1500 and 1700 mm. The 

altitude of the study area ranges from 1160 to 2400 m above 

sea level and the district divided into three traditional major 

agro-climatic zones ‘baddaa’ agro-climatic zone (high land); 

‘badda Daree’ agro-climatic zone (intermediate elevation); 

‘Gammojjii’ agro-climatic zone (low land) [43]. The area is 

characterized by undulating, rugged and hilly topography. 

Mixed agriculture is the major economic activity and Teff, 

Barley, Haricot Bean, Wheat, Sorghum and Maize are the 

major crops grown in the district [43]. According to the data 

obtained from the District Agricultural Office [43], the major 

land use types in the district include Grazing land shared 

about 7.5% while community, state and natural forests and 
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bush land 8.1%, 12.5% degraded land and The remaining 

71.9% was Agricultural land and others. The major 

vegetation types of the study area are characterized by acacia 

woodland which includes species such as A. abyssinica, A. 

albida, A. seyal, A. tortilis, etc.), Moreover, other tree species 

like Balanites aegyptiaca, Combretum molle, Croton 

macrostachyus, Dodonaea angustifolia, Erythrina abyssinica, 

Cordia africana, and Eucalyptus species are grown. 

 

Figure 1. Map of the Study area. 

2.2. Experimental Design and Sampling 

The experiments were laid down in Randomized Complete 

Block Design (RCBD) with factorial arrangement. The 

experimental plots containing each land use types (area 

closure and open grazing land as control) were replicated 

three times in the selected land use types which were 

systematically located across the slope position. Altogether 

(3 replication x 3 slope position x 2 Land use type x 2 

sampling depths=36 sampling plots) were established. 

Soil samples were collected from both land use type (area 

closure and open grazing land) at three slope position namely 

upper, middle and bottom slope position with three 

replication. At each sampling locations, Composite soil 

samples were collected from 10 cm and 20 cm depths from 

four corners and center of a plot of 10m×10m size using an 

“X” sampling design [31] unless soil depth was limited either 

by stoniness or bedrock. The disturbed samples were 

collected using auger whereas soil core sampler was used to 

collect the undisturbed samples. Generally, total of 36 

undisturbed and 36 disturbed soil samples were collected 

from each sampling location and depths. 

2.3. Laboratory Analysis 

Undisturbed soil samples were used for determination of 

bulk density, soil moisture content, total porosity, air-filled 

porosity and saturated hydraulic conductivity. Prior the 

measurement, excess soil was carefully removed by spatula 

in field to remove excess soil and stored in fridge at 2°C. The 

disturbed soil samples were used for the analysis of soil 

texture and soil chemical properties. Composite soil samples 

were tagged, mixed well, air dried, ground, sieved with 2 mm 

sieve and further sieved to pass through 0.5 mm size sieve for 

the analysis of total nitrogen content of the soil and the 

samples were analyzed following standard procedures at 

National Soil Testing Laboratory, Addis Ababa, Ethiopia. The 

cores samplers were covered with nylon cloth from the 
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bottom, and saturated step-wise with capillary water from 

beneath. Then, the samples were used for measurement of 

saturated hydraulic conductivity (Ksat) using constant head 

method as described in [28]. The measurements of average 

value of water discharge (Q) (unit: mm
3
 hr

-1
) collected after it 

reached steady state, soil length (L) [mm], cross-sectional 

area of the soil sample (A) [unit: mm
2
], and hydraulic head 

(H) [mm], were used to determine the Ksat (mm hr
-1

) using 

Darcy’s equation, which is given by: 

sat

QL
K

AtH
=  

Soil Bulk Density was determined by using the core 

method by followed procedure as described in [42], which 

involved weighing oven dried sample (at 105°C for 24 hours) 

and divided the value to the volume of core. Soil moisture 

content was determined gravimetrically and converted to 

volumetric basis by multiplying it with bulk density of soil 

by using core sample method. Total porosity (TP), was 

determined from bulk density and particle density and Air 

filled porosity was calculated from total porosity and 

volumetric water content. The determination of soil particle 

size proportions were carried out by hydrometer method 

suggested by [46]. Soil reaction (soil pH) was determined by 

a 1:2.5 soil: water ratio using a pH meter as described by 

[54]. Electrical conductivity was determined in water 

suspension with soil to water ratio 1:2.5 by Conductivity 

meter [45]. The soil organic carbon (SOC) concentration was 

determined by using Walkley and Black rapid titration 

method as described in [46]. Soil organic matter (SOM) was 

determined by multiplying percent organic carbon by 1.724 

[26]. Total nitrogen (TN) was determined by the modified 

Kjeldahl methods as modified by [46]. The available 

phosphorus (Av. P) content was determined using Olsen 

extraction method as described by [54]. Samples were 

digested and titrated against 0.01N HCl and Available 

potassium (Av.K) was analyzed using flame photometer [12]. 

The cation exchange capacity (CEC) was determined by 

using ammonium acetate method [46]. 

2.4. Statistical Data Analysis 

Statistical analysis was performed to test the impact of 

area closure on selected soil physical and chemical properties 

using analysis of variance (ANOVA) appropriate to general 

linear model (GLM). LSD (Least Significant Difference) test 

at P ≤ 0.05 was used for mean separation utilizing R 

Software program. Regression analysis was used to relate 

soil physical properties. 

3. Results and Discussion 

3.1. Impact of Treatments and Slope Position Difference on 

Selected Soil Physical Properties 

The results shows that there was a slight variation in soil 

texture mean value at both sampling depths between 

treatments across all slope position but statistically there 

was insignificant difference at p<0.05 between treatments 

(Table 1). In contrast, there was significant difference at 

p<0.05 across slope position at 10 cm sampling depth. It is 

believed that management practices generally do not alter 

the textural class of a soil on a field scale within short 

period of time. But management practices have indirect 

roles in doing so. Pedologic processes such as erosion, 

deposition, illuviation and weathering which are shaped by 

management practices can alter the texture of soils [8]. 

Under conditions of low vegetation cover, as in the open 

grazing land case, clay fractions are likely to be lost 

through processes of selective erosion and migration down 

the soil profile which ultimately increase the proportion of 

sand and silt contents in surface soils. According to [47], 

soil erosion and selective removal of soil particles do affect 

the particle sizes. 

Table 1. Effects of Area closure on soil texture. 

Soil depth (cm) Soil parameter 
Treatments Slope position difference Treatments * Slope 

position difference Closed Open Bottom Middle Upper 

10 

Texture       

 Sand (%) 35.56a 39.11a 26a 40.67a 45.33b NS 

 Silt (%) 29.56a 30.56a 30a 27a 31.67a NS 

 Clay (%) 36.89a 29.33a 44a 32.33a 23b NS 

20 

Texture       

 Sand (%) 34.89a 42.44a 31a 33.67a 49.33a NS 

 Silt (%) 25.56a 31.11a 28.67a 29.33a 27a NS 

 Clay (%) 39.56a 26.44a 40.33a 35a 23.67a NS 

Means with same letter in each row are not statistically significant at P<0.05, NS=not significant. Comparisons for treatments and slope position difference 

were done separately. Treatment* slope position difference refers to the interaction between treatment and slope position difference. 

Other Physical properties of soils, collected from two treatments at three slope position along with the interaction effect of 

treatments and slope position difference, are shown in Table 2. 
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Table 2. Effects of Area closure on selected soil physical properties. 

Soil depth 

(cm) 
Soil parameter 

Treatments slope position difference Treatments * Slope 

position difference Closed Open Bottom Middle Upper 

10 

BD (g/cm3) 1.223a 1.375b 1.257a 1.318b 1.322c NS 

ϴw (cm3/cm3) 0.40a 0.341b 0.41a 0.394a 0.31b NS 

AFP (cm3/cm3) 0.139b 0.141a 0.117a 0.11a 0.19b NS 

Ksat (mm/hr) 58.618a 47.625a 54.93a 53.13a 51.31a NS 

20 

BD (g/cm3) 1.224a 1.379a 1.291a 1.277b 1.337c NS 

ϴw (cm3/cm3) 0.412a 0.337b 0.40a 0.395b 0.32a NS 

AFP (cm3/cm3) 0.126a 0.143a 0.11a 0.123a 0.172a NS 

Ksat (mm/hr) 55.947a 48.174b 55.13c 54.71b 46.34a NS 

Means with same letter in each row are not statistically significant at P<0.05, NS=not significant. Comparisons for treatments and slope position difference 

were done separately. Treatment* slope position difference refers to the interaction between treatment and slope position difference. 

The result of the study showed that adjacent Open grazing 

land plots had statistically significant higher mean value of 

bulk density than area closure plots (Table 2), which can be 

attributed to trampling effect from the livestock population 

and direct impact of raindrops on the area. Overgrazing led to 

the degradation of vegetation, soil compaction, and wind and 

water erosion. During sampling, soil crusting and sealing in 

the open lands was observed, which was resulted from lack 

of vegetation cover which in turn increase bulk density. The 

result of this study agrees with the finding of [7] who 

reported that higher soil bulk density under open grazing land 

than area closure. 

Measured bulk density had showed statistically significant 

difference at P<0.05 levels among slope position difference 

at both sampling depths. The mean value of bulk density was 

highest for upper slope position, lowest for bottom slope and 

with intermediate value at middle slope position (Table 2). 

This lowest bulk density at the bottom slope position might 

be resulted from the land slope which resulted in decreases 

runoff speed and thereby enhanced sedimentation and 

organic matter development. Better root abundance, 

vegetation stand, vegetation production and plant residues 

were observed at bottom slope position of the land compared 

to its upper slope position. [57] also pointed out that soil bulk 

density has a direct relation with slope gradient which might 

be attributed to the corresponding decline in soil organic 

carbon content with the increase in slope gradient/steepness. 

Volumetric moisture content of the soil at sampling 

showed a statistically significant difference between treated 

and untreated land and also among slope position at both 

depths. The larger numerical values of volumetric moisture 

content were associated with high organic matter content of 

area closure than values observed in adjacent open grazing 

land soils. Similar findings were reported previously. For 

instance, [27] indicated higher soil moisture content through 

improvements in soil structure in area under area closure than 

open grazing lands. It is also an established fact that the 

increasing organic matter increases the water holding 

capacity of soils [8]. The men values of volumetric moisture 

content of soil were highest at the bottom slope position with 

intermediate value at the middle and lowest at the upper 

slope position for both sampling depths (Table 2). 

Air filled porosity was higher in open grazing than area 

closure land at both sampling depths (Table 2). This might be 

due to more pore space of soil was filled by water in the soil 

of area closure. The mean of air filled porosity was highest at 

upper, intermediate at the middle and lowest at bottom slope 

position at both sampling depths (Table 2). This lower air 

filled porosity at bottom slope position of the land explained 

that high moisture content of deposited soil at the bottom of 

slope position. In general the observed air filled porosity of 

this soil was higher than the value assumed as critical value 

for plant growth by [18], which is 10%.  

The mean value of saturated hydraulic conductivity in the 

closed area was higher than open grazing land at both 

sampling depths (Table 2). This might be due to high porosity 

and organic matter content at treated land and also open 

grazing land soil might be compacted by livestock. [32] have 

shown that the decrease in soil porosity in the compacted 

areas, following livestock trampling of soil, was strongly 

correlated with an increase of soil penetration resistance and 

a decrease in hydraulic conductivity. Soil compaction 

changes the ability of soil saturated Hydraulic conductivity 

and increases penetration resistance [48]. This study also 

confirmed with the study of [3] who reported that saturated 

hydraulic conductivity is related to soil structure. The 

hydraulic conductivity is obviously higher in aggregated soil 

than tightly packed soil as in the case of open grazing land, 

which is exposed to animal trampling. Hydraulic 

conductivity is also depends on the size of conducting pores 

than total porosity of the soil. 

The soil saturated hydraulic conductivity (Ksat) did not 

show significant variation at p<0.05 in the study area among 

slope position difference. The mean value of saturated 

hydraulic conductivity was highest at bottom part of the 

slope position at both sampling depths (Table 2). This might 

be due to higher organic matter content at bottom slope 

position as a result water erosion which removes fertile soil 

from the upper part of slope position. In this study there was 

no significant interaction effect between treatments and slope 

position for all physical soil parameters at both sampling 

depths (Table 2). 

In general, in contrast with the rapid onset of damage, 

natural recovery of soil structure and post damage 

regeneration is a slow process that may take years to decades 

[17]. Though this established fact, area closure, in the study 

area, enabled the soil to undergone fast recovery from 

perturbation through natural process. [16] has discussed a 
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number of ‘natural’ processes, which play important roles in 

restoration of soil structure such as: swelling-shrinkage 

behavior of soil governed by wetting and drying, root 

proliferation, and earthworm perturbation. In this study area, 

natural regeneration process was mainly dominated by root 

proliferation and earthworm activities. [10] observed that 

earthworms are important agents for natural restoration of 

degraded soils. 

3.2. Impact of Treatments and Slope Position Difference on 

Selected Soil Chemical Properties 

Results of chemical properties of soil under both 

management systems are shown in Table 3. 

Table 3. Effects of Area closure on selected soil chemical properties. 

Soil depth 

(cm) 
Soil parameter 

Treatments Slope position difference Treatments * Slope 

position difference Closed Open Bottom Middle Upper 

10 

PH 6.25a 6.033a 5.98a 6.28a 6.167a NS 

EC (ds/m) 0.169a 0.091b 0.205b 0.12a 0.07a NS 

TN (%) 0.210a 0.172b 0.26a 0.183b 0.127a NS 

OC (%) 2.573a 2.163b 3.22a 2.36a 1.53a NS 

Av.P (ppm) 6.25a 4.68b 7.79a 6.04b 2.57b NS 

Av.K (mg/kg) 20a 11.67a 30.83a 12.5a 4.17a NS 

CEC (Cmol/kg) 27.35a 27.2a 32.28a 27.32a 22.21a NS 

20 

PH 6.256a 6.067b 5.93a 6.3a 6.25a NS 

EC (ds/m) 0.138a 0.073a 0.18a 0.08b 0.06b NS 

TN (%) 0.182a 0.17b 0.24a 0.16a 0.13a NS 

OC (%) 1.800a 1.76a 2.32a 1.73a 1.28a NS 

Av.P (ppm) 7.452a 7.29b 12.93a 6.85a 2.33a NS 

Av.K (mg/kg) 28.33a 27.22a 45.00a 27.50a 10.83b NS 

CEC (Cmol/kg) 26.94a 23.36a 31.83a 24.72a 18.90a NS 

Means with same letter in each row are not statistically significant at P<0.05, NS=not significant. Comparisons for treatments and slope position difference 

were done separately. Treatment* slope position difference refers to the interaction between treatments and slope position difference. 

Soil of the area showed no significant variation pH mean 

value between area closure and open grazing land use type. 

Similarly, the result showed that there was no significant 

difference in mean pH values between the soils of the open 

grazing land and the area closure land at p<0.05 significant 

level at 10 cm sampling depths but significantly difference at 

20 cm depths (Table 3). 

The relatively lower pH values on the open grazing lands 

could be associated with loss of basic cations through erosion 

and leaching as well as low ground cover in the open grazing 

plots than the area closure ones. According to the 

classification ranges suggested by [26] pH values recorded in 

the soil studied in area closure and adjacent open grazing 

land were categorized under the slightly acidic reaction. 

The mean values of electrical conductivity were 

statistically significant difference at p<0.05 between open 

grazing land and the area closures at 10 cm sampling depth 

and there was no significant difference at 20 cm sampling 

depths (Table 3). 

Total nitrogen (TN) contents were statistically significant 

difference at p<0.05 between area closure and open grazing 

land at both sampling depths. The area closure land had 

higher Total nitrogen as compared to open grazing land for 

both sampling depths (Table 3). The higher total nitrogen 

content in the area closure is might be the result of higher soil 

organic matter content and the presence of leguminous plants 

which have the capacity to fix nitrogen from the atmosphere 

through the roots’ nodules. This finding is in agreement with 

the finding by [1], who reported that there was significant 

difference on Total nitrogen between the open grazing land 

and area closure. [34] Explained that total nitrogen is higher 

in area closure land use type than open grazing land use type. 

Whereas, soils under open grazing land have lower total 

nitrogen due to continuous overgrazing that results in the 

removal of grasses and organic matter from the soil. 

Organic carbon was relatively significant difference at 

p<0.05 between area closure and open grazing land at 10 cm 

sampling depths but not at 20 cm sampling depths. The mean 

value of organic carbon was higher in area closure plots than 

that of open grazing plots at both sampling depths (Table 3). 

This could be attributed to the presence of significantly 

higher organic matter as a result of management practices. 

The results agrees with the findings of [44] who observed 

increased organic carbon in the area closure land use type as 

compared to the open grazing land use type. [21] Showed 

that the lower content of Soil Organic Carbon under open 

grassland may be due to reduced organic matter input 

because of uncontrolled grazing and browsing. [53] 

mentioned that soil organic carbon values are typically low in 

the Ethiopian highlands as a consequence of stubble grazing 

and the absence of fallowing. Area closure land use type has 

shown an improvement in soil organic carbon against the 

findings by [37]. 

The mean value of available Phosphorous for the area 

closure land was higher than open grazing land and the 

difference was statistically significant at P> 0.05 between 

area closure and open grazing land plots (Table 3). However, 

in relative terms available phosphorous levels in soils of the 

closed areas were generally higher than the adjacent open 

lands, due to the presence of the higher Soil Organic Matter 

contents of area closure. The result agrees with the study of 

[23] who reported that the amount of Phosphorus in the 

surface of untreated plot was lower than the treated land. [49] 

confirmed that the low levels of available phosphorous 
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content might be due to constant removal of soluble 

phosphorous from root zone by plant roots and eluviations 

and surface transport through erosion. 

The available Potassium values were statistically 

insignificantly different at p<0.05 between area closures and 

open grazing land use type at both sampling depths (Table 3). 

The mean values of available potassium values of area 

closure was higher than open grazing land. This is probably 

due to the selective removal of this vital macronutrient from 

open grazing land by accelerated erosion. Because of its high 

mobility in the soil, potassium is most susceptible to leaching 

losses [33], which might be the reason for the decline of this 

vital macronutrient in open grazing land use type. Therefore, 

probably the higher soil leaching rates in the grazing land 

caused lower potassium content. 

The result of Cation Exchange Capacity shows that there 

were statistically insignificant difference at p<0.05 between 

the two treatments (open grazing as control and the 16 years 

closed area) at both sampling depths. The mean value of 

Cation Exchange Capacity under closed area was higher than 

the adjacent open grazing land at both sampling depth (Table 

3). This finding is in agree with the study by [56] who 

reported that as cation exchange capacity (CEC) was 

significantly higher in closed areas than in adjacent open 

lands. The higher Cation Exchange Capacity in closed areas 

compared to that of adjacent open land can be due to the 

presence of difference in organic matter and clay content 

between the land use types. It is apparent that CEC content 

positively correlates with organic matter content and soil 

organic carbon [8]. 

In general the result of pH, OC, AvP, AvK and CEC shows 

that there were statistically insignificant difference at p<0.05 

among slope position difference in 10 cm sampling depth 

where as the result of EC and TN shows that there were 

significant difference among slope position difference at 10 

cm sampling depth and also The result of EC and AvK shows 

that there were significant difference among slope position 

difference in 20 cm sampling depths but the result of pH, TN, 

OC, AvP and CEC shows there were statistically insignificant 

difference at p<0.05 among slope position difference in 20 

cm sampling depths (Table 3). In all cases, the mean values 

were highest at bottom slope position difference except for 

pH at both sampling depths (Table 3). This might be due to 

the washing away of the fertile soil from the upper part of the 

land settling at bottom part of the land. As the land slope 

decreases runoff speed also decreases, sediments and organic 

matter then start to accumulate. 

The interaction of Treatments and slope position difference 

effects on chemical properties in this study shows there was 

insignificant interaction between treatments and slope 

position difference for all chemical properties at both 

sampling depths (Table 3). 

3.3. Relationship Between Soils Physical Properties 

Bulk density is one of the common parameters used to 

quantify these changes. This is because of the way of 

measurement of bulk density. They also used the changes in 

bulk density to quantify relationships between bulk density 

and saturated hydraulic conductivity. In this study, strong and 

significant relationship between bulk density and saturated 

hydraulic conductivity was obtained (figure 2). 

 

Figure 2. Relationship between Saturated hydraulic conductivity and Bulk 

density. 

The figure shows that there was significant correlation 

(Ksat=-45.59 BD+111.8, p<0.05, R²=0.551) between saturated 

hydraulic conductivity and bulk density of soil. The result shows 

that saturated hydraulic conductivity decreases with increasing 

bulk density as a response of the smaller volume porosity and 

organic matter content of soil. Remarkably, the regression 

equation in this investigation was almost identical to the 

relationship found by [18] for soils that were collected from 

different sites of agricultural fields from 10 to 20 depths. 

4. Conclusion and Recommendations 

The results of this study showed that area closures are 

effective in restoring the nutrient status and quality of 

degraded soils. The results of the soil analysis showed that 

most of the soil physical and chemical properties had 

significant variations with respect to management practices 

and slope position difference. The study also revealed that area 

closure farm plots had higher mean value of soil physical and 

chemical properties other than bulk density and air filled 

porosity. This may be due to the less biomass return to the 

open grazing land because major part of above ground biomass 

was removed by livestock grazing which in turn negatively 

affect the availability of many soil nutrients. Besides the 

trampling and compaction effect on the soil due to open 

livestock grazing and soil erosion problem have a role to play 

in physical soil degradation of the open grazing land use type. 

The result of most of physical and chemical properties of soil 

shows that there were statistically significant differences 

among slope position. In all cases, the mean values were 

highest at bottom slope position except for Bulk density, Air 

filled porosity and pH at both sampling depths. This might be 

due to the washing away of the fertile soil from the upper part 

of the land settling at bottom part of the land. 

Based on the improved soil conditions of area closure land, 

it is possible to conclude that the establishment of area closures 
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in the degraded lands is a viable option for soil quality 

improvement and biodiversity conservation. Therefore from 

technical point of view, open grazing areas in hilly lands 

should be changed to area closure before soil physical 

properties and soil nutrient contents are depleted more and also 

the management activity carried out in area closure should be 

strengthened in the future to increase soil fertility improvement. 
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