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Information about effects of different land use systems on soil physico-chemical properties is crucial 
for best land management practices. This study was, therefore, conducted to assess the impact of land 
use/land cover on the physicochemical properties of soils of wudma area, southern Ethiopia. The land 
use systems studied included grazing land, cultivated land, eucalyptus plantation and natural forest. 
The research was superimposed on land use systems that were located nearby on similar soil. 
Undisturbed core and disturbed composite soil samples were collected randomly with four replications 
for each land use system. The influence of land use systems on soil properties were analysed using the 
analysis of variance general linear model procedure of SAS software. Mean differences due to land use, 
were identified using The Least Significant Difference (LSD) test after differences were found 
statistically significant. The results showed that most of the soil physicochemical properties varied with 
land use systems. For instance soil texture, bulk density, pH (H2O), OM, Total N, available p, CEC, 
exchangeable K, studied were significantly affected (P ≤ 0.05 and/or P ≤ 0.01) by land use. In contrast, 
silt, total porosity, exchangeable Na, carbon to nitrogen ratios, was not significantly (P > 0.05) different 
due to land use. Generally, comparisons between cultivated on one hand and the forest, eucalyptus and 
grazing lands on the other revealed a highly significant difference on soil fertility parameters. For 
instance the highest mean values of pH, OM and CEC, TN, Ca and Na were observed in the surface of 
forest land soil with (6.4, 8.1, 75 cmol (+) kg-1, 0.4, 60, 0.84 cmol(+) kg-1 )were observed under the forest 
land as compared to the lowest values (5.6, 3.8, 35 cmol(+)kg-1, 0.19,14 and 0.48 cmol(+) kg -1) in the 
cultivated land respectively. The results of study showed that forest clearing and subsequently 
cultivation and tillage practices resulted in the decline of the soil quality and these changes effects on 
soil sensitivity to degradation and erosion. Therefore, reducing the intensity of cultivation and adopting 
integrated soil fertility management could maintain the existing soil condition and replenish the 
degraded soil properties of the area. 
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INTRODUCTION 
 
Land use is defined as the arrangements, activities and 
inputs people undertake in a certain land cover type to 
produce, change or maintain it (28). Successful agriculture 
requires the sustainable use of soil resource because soils 
can easily loose its quality and quantity within a short 
period for many reasons. For this reason, agricultural 
practice requires basic knowledge of sustainable use of the 
land. A success in soil management to maintain the soil 
quality depends on an understanding of how the soil 
responds to agricultural practices over time. Recent 
interest in evaluation the quality of our soil resource has 
been therefore simulated by increasing awareness that soil 
is critically important component of the earth’s biosphere, 
functioning not only in the production of food and fiber but 
also in the maintenance of local, regional, and worldwide 
environmental quality (35).  

Land use/land cover (LULC) changes influence the 
biogeochemistry, hydrology, and climate of the earth. 
Elucidating the impact of LULC at the local to regional 
scales on soil quality status is not direct but rather complex 
to guarantee any generalizations.  The conversion of 
Forest Reserve to other land uses in recent times has 
caused many complex changes in the forest ecosystem 
whose impact raises diverse ecological problems (17). 
Transformation of one land use system into another 
system and different management practices can affect soil 
structure, soil organic carbon and other nutrients reserve 
(36).  Yimer et al. (2007) also compared croplands, 
forestlands and grazing lands and found that soil organic C 
and total N decreased in croplands as compared to 
forestlands. Deforestation increases soil erosion because 
of the reduction of the soil stability, which leads to floods, 
drought and natural ecosystem degradation (2). 

Moreover successful crop production requires the 
sustainable use of the soil resource, because of the decline 
in soil quantity within short period. Hence, it is apparent 
that restoration of marginal land has high priority. However, 
it is possible only through a good understanding of the 
physical, chemical and biological properties and the 
resilience characteristics of the soils (4). Currently the 
study area is facing the problem of deforestation, over 
grazing, poor soil management and severe erosion. For 
combating and minimizing the ongoing soil degradation 
and enhance land productivity through sustainable use of 
soil resources, it requires understanding the soil 
physicochemical properties of different land use 
systems.However, there is no scientifically studied 
information in the study area. 

Agriculture is the foundation of the economy of the study 
area as elsewhere in Ethiopia. The study area is endowed 
with potentially rich natural resources, of which land is the 
principal one. However, its productivity is continuously 
declining, due to continuous cultivation without adequate 
management methods. Rapid increase in demands the 

production of ever-increasing quantity of food, fibre and 
fuel from the land. To meet these needs, vast tract of land 
are being farmed more intensively, and large areas of 
grasslands are being overgrazed and degraded. 
Additionally, new and often marginal land is being brought 
into production. Therefore, land must be carefully 
managed, if its productivity is to be maintained or 
increased. If it is not well managed, or used in a way that is 
beyond its potential, soil degradation will inevitably occur.  

It is important to establish land use system that allow for 
the demands of increasing population while conserving the 
soil fertility in the long term. Soil resources are finite and 
non-renewable over human periods and are prone to 
degradation by misuse and mismanagement. However, the 
general recognition of the threat from land degradation on 
land productivity and ecosystem sustainability, there is no 
studies have been conducted in the study area to quantify 
the proper indicators for evaluating and monitoring soil 
quality. Therefore, this study will be undertaken to 
demonstrate the effect of four land use systems on 
physicochemical properties of the soil and to assess land 
degradation in the study area. This will help decision maker 
and different stakeholders to have proper land use. 
 
General objective 
 
The general objective of this study is to evaluate the effect 
of selected land use types on soil properties of wudma 
area, southern Ethiopia. 
 
Specific Objectives 
 

• To determine the status of selected soil physical 
and chemical properties of the study area. 

• To examine the effect of different land use systems 
on selected soil physical and chemical properties of the 
study area 
 
 
MATERIALS AND METHODS 
 
Description of the Study Area 
 
The study was conducted at the wudma Watershed that is 
located in Gurage Zone,Districtof the South Nation and 
Nationalities and people’s regional state of 
Ethiopia.Geographically, the study site lies at 11

0
 43.8' to 

11
0
 45ˈ N latitude and 38

0
 08' to 38

0
 10' E longitude and at 

an altitude ranging from 1800 to 3662 meters above sea 
level (masl).It covers an area of about 54,500 (ha). The 
topography of the wore dais generally characterized by flat 
plain 45%, steep 10%, rugged mountains, 30% and gentle 
slope 15%. The relief of the study region varies from 1800 
m found in the western part and high up  to  3,662m  above  



 
 
 
 
sea level in the eastern part.  The agro ecology is Weina 
Dega (10%), Dega (80%) and wurch (10%).The duration 
and pattern of rainfall influences the farmers’ cropping 
cycles and practices at the wudma area and the highlands 
in the District as a whole. The area is characterized by Uni-
modal rainfall pattern, which extends from June to 
September and increases gradually in Frequency to reach 
the maximum in August and then decline rapidly after the 
peak starting in September.The mean annual rainfall 
distribution ranges between 900mm up to 1200mm and 
mean annual temperature ranges between 6 and16

0C
. 

 
Site Selection and Soil Sampling 
 
Four land use systems (natural forest, grazing land 
cultivated land and Eucalyptus plantation) were considered 
for the study.  Under each land use, soil samples were 
obtainedat constant depth 0-30 cm, following a w layout 
design. During the collection of the samples, the dead 
plants, furrow, wet spots, area near the trees and compost 
pits were avoided. for reducing errors that will occur during 
analysis as well as minimizing differences in result that 
may come from the addition of organic matter in to the soil.  
Approximately 1 kg of composite sample were collected 
from each land use and placed in to plastic bags. 
 From each adjacent land uses, composite soil samples 
were made by collecting 15-20  random soil sub samples 
within 30 cm depth, using hand auger in four replication. 
There were a total of sixteen composite soil samples (four 
land use types x four replication x one soil depth, 0-30 cm). 
Moist soil samples were air dried as soon as possible 
before being bagged and sent to soil testing laboratory.  
Drying was best accomplished by spreading each sample 
on paper to air at room temperature. Then it was crushed, 
homogenized, and passed through a 2mm sieve to remove 
stones, roots, and large particles.  For the determination of 
bulk density, sixteen undisturbed soil samples were 
collected using core sampler. 
 
Soil Lapratory Analysis 
 
Soil texture was analysed by the Bouyoucous hydrometer 
method (Bouyoucous, 1962), after OM was destroyed or 
burned by using hydrogen peroxide (H2O2), soil particles 
dispersed and disintegrated by sodium carbonate 
(Na2CO3) and sodium hexametaphosphate (NaPO3) in 
distilled water and finally using amyl alcohol to destroy the 
soil solution foam. After the particle size distributions were 
determined in percent, the textural class of the soil could 
obtain by using USDA soil textural triangle classification 
system (40). The bulk density (BD) of the soil was 
measured from undisturbed soil samples collected using a 
core sampler after drying the core samples in an oven at 
105 °C (Black, 1965). The total porosity of soil samples 
was estimated from the values of bulk density (BD) and 
particle density (PD) (assuming an average particle density  
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of mineral soil is 2.65 g cm-3). Then the total porosity (TP) 
was calculated as, TP (%) = (1-Bulk density/Particle 
density) * (100). 

The pH of the soils was measured in water (H2O) 
suspension in a 1:2.5 (soil: liquid) by pH meter, whereas 
electrical conductivity was measured by a conductivity 
meter (Van Reeuwijk, 199). To determine organic carbon, 
the Walkley and Black (1934) method was used in which 
the carbon was oxidized under standard conditions with 
potassium dichromate (K2Cr2O7) in sulphuric acid solution. 
Finally, the organic matter content of the soil was 
calculated by multiplying the organic carbon percentage by 
1.724 following the assumptions that OM is composed of 
58% carbon. The total nitrogen content in soils was 
determined using the Kjeldahl digestion, distillation and 
titration method by oxidizing the OM in concentrated 
sulphuric acid solution (0.1N H2SO4) as described by Black 
(1965). Then after, C: N was calculated by dividing organic 
carbon to total nitrogen.  

Exchangeable bases (Na, K, Mg and Ca) were 
determined after extracting the soil samples by ammonium 
acetate (1N NH4OAc) at pH 7.0. The available P was 
calculated by the Olsen method using sodium bicarbonate 
(0.5MNaHCO3) as an extraction solution (Olsen et al., 
1954).Exchangeable Na and K were analysed by flame 
photometer while Ca and Mg in the extracts was analysed 
using atomic absorption spectrophotometer (AAS) as 
described by Rowell (1994). Cation exchange capacity was 
estimated titrimetric ally by distillation of ammonium that 
could be displaced by sodium from NaCl solution 
(Chapman, 1965). Percent base saturation was calculated 
by dividing the sum of the charge equivalents of the base 
forming cations (Na, K, Mg and Ca) by the CEC of the soil 
and multiplying by 100 
 
Statistical Analysis 
 
One-way analyses of variance (ANOVA) procedures was 
used to compare the effects of different land use/land 
cover on chemical and physical properties of soil using 
General Linear Model (GLM) of  using SAS software 
version 9.3 (SAS, 2013). Separation of the means of the 
soil properties was performed using LSD test (p<0.05).  
 
 
RESULTS AND DISCUSSION 
 
Impact of Land Use on Selected Physical Properties of 
the Soils 
 
Texture 
 
According to the results of analysis of variance (ANOVA) 
revealed thatTextural differences were observed among 
the land use types particularly due to the changes in the 
clay and sand fractions which varied significantly (Table 2).  
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                      Table 1: Mean values of particle size distribution and bulk density as influenced by the different land uses 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Means within column followed by the same letter are not statistically different from each other at P > 0.05; LSD = least significant difference; NS = non-
significant; CV = coefficient of variation. Ρb = bulk density 

 
 

                    Table 2: Mean values of pH, soil organic matter (OM), total N (TN), C: N ratio as influenced by the different land use 
 

Land use          PH (H2O)        OM (%)              TN (%)     C:N ratio   Available P (ppm ) 

Forest 

Grazing 

Eucalyptus 

Crop land 

6.4a                   8.1a                      0.4 a           11.8a        13.2a 

6.3a                   4.7b                      0.23b           11.6a        19.2a 

5.8b                   4.6b                       0.2b           11.7a         20.8a 

5.6b                   3.8b                       0.19b         11.7a         10.8a 

LSD (0.05) 

CV(%) 

0.25                   2.3                        0.11             0.31            11 

2.7                     23                          27               1.7             43.2 
 

Means within column followed by the same letter are not statistically significant from each other at P > 0.05. LSD = Least significant difference; NS = Non 
significant; CV = Coefficient of variation. 

 
 
The forestland soils were dominated by sand, grazing 

land, cultivated and eucalyptus were dominated by clay 
fractions. The sand fraction varied significantly across the 
land uses (P ≤ 0.05). As indicated in Table 2, the sand 
content was highest in the forestland (45.5%) while the 
lowest was observed in the grazing land (16%). Similarly, 
the clay fraction was influenced by changes in land use 
types (P ≤ 0.05) which are attributed to the varying soil 
management practices. 
 The average clay fraction was found to be highest in the 
soils of the grazing land (60%) whereas it was lowest in the 
forestlands (35%).On the other hand, silt showed non-
significant (P > 0.05) difference among the land uses 
(Table 2).These same reasons were also used by several 
authors, (34, 35, 10). Texture is an inherent soil property; 
however, management Pedogeologic processes such as 
erosion, deposition, illuviation and weathering which are 
shaped by management practices can alter the texture of 
soils (4). 
 
Bulk Density 
 
Bulk density (g/cm

3
) differed significantly (P < 0.05) 

between the soils under natural forest and all the other 
land use/land cover systems.The highest BD was found in 
the grazing land (1.103) followed by the soil under 
cropland. In contrast, the lowest BD values of (0.823) were 
observed under forestland. Bulk density was higher in 

grazing and cultivated lands as compared to forest and 
eucalyptus land. It can be suggested that deforestation and 
subsequent tillage practices resulted in soil compaction, 
low infiltration and hence increased in bulk density for 
surface .Similar finding has been reported in other areas 
around the world (Getachew et al. 2012; Javad et al. 
2014).   The findings from the study confirm those of Aweto 
and Moleele (2005), who concluded that Eucalyptus spp. 
Plantations increased soil bulk density more than the 
native forest in Botswana. 
 
Total Porosity  
 
The total porosity was not significantly affected by different 
land uses (P ≤ 0.05),(Table 2). The average total porosity 
of the forest, the grazing, eucalyptus and the cultivated 
lands were 64, 60.5, 64, 58.7%, respectively (Table 2).P 
was high in forestland use relatively to other land use due 
to the high organic matter content and earthworms that 
play an important role in the decomposition of organic 
material.  
İt has been reported that the decrease in bulk density 

with organic amendments is directly related to the 
increased porosity, which is related to the improved soil 
aggregation.In addition, pore spaces are increasing by the 
movements of the grass roots hence increase the voids 
between soil particles. The values of soil porosity of these  
 

Land Use Particle size distribution (%) Textural class     Pb(gcm3)          Total porosity     

Sand      silt         clay 

Forest land        45.5
a
    19.5       35

c
           SCL                0.823

b
                       64 

Grazing land    16 
c
       24          60

a
          Clay                 1.103

a
                       60.5 

Eucalyptus       35 
b
       21.5       43.5

c
         SC                  1.06

a
                         64 

Crop land         31
b
        22          47

b
           SC                  1.100

a
                      58.7 

LSD(0.05)       8.612      NS          10                                     0.22                      9.1 

CV (%)            17.5        13.9         14                                     14.4                     9.2 
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               Table 3: Exchangeable bases (Ca, Mg, K, and Na), CEC, EC and percent base saturation (PBS) as influenced by the land uses 
 

Land use Exchangeable bases(cmolc kg-1) CEC         PBS (%)    EC(dsm1) 

Ca         Mg                Na                    K 

Forest 

Grazing 

Eucalyptus 

Crop 

60a          11a           0.8a                   2.13a                  75a             99 a               0.023a 

38b         12a            0.67a                 1.3b                     57b             91a               0.017a 

21c          7b              0.6a                   0.9b                     49c             63b              0.014a 

14c          5c              0.5a                   0.9b                     35c             62b              0.018a 

LSD(0.05) 

CV (%) 

17            4 

31           31 

     0.58 

     55.9 

0.5 

23 

17              22                0.031 

20              17                 112 

 
 
 
land uses were ranging from bad soil porosity to very good 
soil porosity. 
 
The Impact of Land Use on Selected Chemical 
Properties of the Soils 
 
Soil pH 
 
The soils pH-H2O value was significantly affected by land 
use (P ≤ 0.05) the highest (6.4) and the lowest (5.6) soil 
pH-H2O values were recorded under the forest and the 
cultivated lands, respectively (Table 3).  The low pH values 
in croplandcould be due to high tillage frequency, high 
rates of inorganic fertilizer applications (especially 
ammonium fertilizers), and low amount of organic matter 
becauseof erosion or due to aluminium toxicity.  

Low soil pH impedes the CEC of the soil by altering the 
surface charge of colloids (finest clay particles and soil 
organic matter) (McCauley et al. 2005). Low CEC implies 
that soil will have less exchangeable cations required as 
crop nutrients; nutrients are weekly adsorbed and hence 
may be leached out.According to Murphy (1968), soil pH 
level < 5.0 is rated as very strong acid, 5.1- 5.5 strong acid, 
5.6- 6.0 moderate acidic and, 6.1- 6.5 is rated as slightly 
acidic. Based on the above ratings, soils of the study area 
were forest land and grazing qualify slightly acidic while the 
eucalyptus and cultivated lands qualify for moderate acidic 
status of soil pH 
 
Organic Matter 
 
The soil organic matter OM content of forest land (8.1) was 
significantly (P < 0.005) higher than other lands uses and 
in cultivated land is the lowest (Table 3).non-significant (P 
> 0.05) difference was observed between eucalyptus 
plantation, grazing land and crop land (Table 3).Since soil 
organic matter is composed chiefly of carbon, hydrogen, 
oxygen, nitrogen and smaller quantities of sulphur and 
other elements (12), it is an important indicator of soil and 
land health as it integrates several inherent soil properties 
and responds strongly to land-use change and land 
degradation processes (33). Thus, the highest organic 
fraction of forestland is potentially with the highest reservoir 

for plant essential nutrients of nitrogen, phosphorus, and 
sulphur (41) compared to grazing and cultivated lands.  

This general truth was assured by different individuals 
(33,10) who obtained lower levels of soil OM under 
cultivated, grazing or degraded land than in the forest land 
as well as in the cultivated and degraded land use types 
than in the grazing land. Besides this, leaching that can be 
attributed to the relatively high sand content and the 
resultant light texture of soils might be the cause of OM 
reduction in the cultivated land. Accordingly, the findings of 
this study are in agreement with the results of similar 
recent studies reported by (10,35, 30). according to the 
standard rating of OM as indicated by Murphy (1968), the 
soils of the forest land of wudma area qualify for very high 
and the remaining lands qualifies for high status soil OM. 
 
Total Nitrogen and carbon to nitrogen ratio 
 
The total N content of the soils was significantly (P ≤ 0.05) 
affected by land use. The total N was highest (0.4%) on the 
forest land and lowest (0.19%) under the cultivated land 
(Table 3). Total N declined with shift of land uses from 
natural forest into agricultural fields. Large losses of total N 
( decrease by 46.77%), in the continuously cropped fields 
compared to the forest land could be attributed to rapid 
mineralization of soil OM following cultivation, which 
disrupts soil aggregates, and thereby increases aeration 
and microbial accessibility to OM (30,10). 

It is apparent that conversion of natural forest into other 
land-use results in a decline of total N in the soil as found 
in the present study. An addition of a relatively higher plant 
residue and minimal rate of decomposition might be 
responsible for higher amount of total N in natural forest 
soil as described by  (27, 28) and  (7) stated that the higher 
total N was obtained under forest land compared to the 
adjacent grazing and cultivated lands.  The low level of 
organic matter and total N in cultivated land soil suggests 
degrading effects due to long history of crop cultivation. 
Cropping had indicated reduction of total N contents. The 
reduction in the total N is entirely accounted for by the 
decline of the organic matter through the continuous 
cropping of the soils. 
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In accordance with C: N ratio, significant difference was 

not observed among land use types (Table 3). However, 
numerically the C: N ratio was higher under forestland as 
compared to cultivated land. The reason obviously could 
be the higher contents of soil OM in case of 
forestland.They also suggested that the optimum range of 
the C: N is about 10:1 to 12:1 that provides nitrogen in 
excess of microbial activities. Accordingly, the C: N of the 
soil across the land use types under the study area were 
considered to be within the optimum range in all land use 
types. This indicates that the presence of suitable 
mineralization processes of soil organisms. 
 
Available Phosphorus 
 
The ANOVA results show no significant difference for 
different land-use/cover. Mean comparison test of available 
phosphorus amongst the land usethe soils under 
eucalyptus plantation had the highest mean soil available 
phosphorus concentrations (20.8 ppm) followed by those 
under grazing and forest land use system 19.2 ppm and 
13.2 ppm respectively, while those under cropland use had 
the lowest value 10.8 ppm(Table 3).It can be concluded 
here that residue ash may have enhanced the P 
concentrations under eucalyptus plantation and cow dung 
may have enhanced the P concentrations in grazing area. 
Our result agree with (39), The available P contents of the 
soils under all land uses were generally high, although 
cultivated land showed variation in available P content from 
the forestland which obviously could be due to crop mining, 
crop residue removal and erosion. 
 
Cation Exchange Capacity and Percentage Base 
Saturation 
 
The analysis of variance results revealed that the cation 
exchange capacity (CEC) of the soils in the study area was 
significantly (P ≤ 0.05) affected by the land use types.The 
CEC means values under forest, grazing, eucalyptus and 
croplands were 75, 57, 49 and, 35cmolc kg-1, respectively 
(Table 4). The result of this study indicated that the CEC of 
the forestland was significantly higher than the adjacent 
three land use typesThe CEC values in the cropland uses 
decreased mainly due to the reduction in OM content. CEC 
of soil is determined by the relative amounts and/or type of 
the two main colloidal substances; humus and clay. 
Organic matter particularly plays important role in the soil 
exchange processes because it provides more negatively 
charged surfaces than clay particles do.  

This result is in agreement with the findings of (39) who 
suggested that the CEC of soil was higher in forestland 
compared to that of the adjacent grazing and cultivated 
lands. Moreover, (27) reported that the CEC of soil was 
higher in the subsurface of soil layer under the adjacent 
forest, cultivated and grazing lands. As per the ratings CEC 
recommended by  (42), the CEC value   of   soil  under  the  

 
 
 
 
grazing, cultivated and eucalyptus plantation land were in 
the range of high rate while it was rated as very high under 
the forest land.  

Percentage base saturation was significantly (P > 0.05) 
affected by land use (Table 4). The highest (99%) and the 
lowest (62.64 %) values of PBS were recorded under the 
forest and the cultivated lands, respectively. In general, 
processes that affect the extent of basic cations also affect 
percent base saturation. 
 
Electrical Conductivity 
 
Effects of land use change on electrical conductivity EC 
values ranged from 0.014 ds m-1 under eucalyptus land 
use systems to 0.023 under forest vegetation. Generally, 
the results showed no significant difference in land use 
(Table 4). Therefore, the conversion of forest to cultivated 
land decreases EC in the study area. These results are in 
line with the findings of (27) who reported that changing 
forest to cultivated land increased EC values in their area 
of study due to high application rates of chemical fertilizers. 
Although EC represents soil soluble salt components, it is 
believed that the use of basic chemical fertilizer such as 
ammonium phosphate and urea under farmlands in our 
study area did not lead to higher EC values above normal 
(EC > 0.15 mS/cm will affect plant growth and 
development). Therefore, farmers must avoid complete 
reliance on chemical inputs but continue to rely more on 
organic fertigation to keep EC < 0.15 in soils. 
 
Basic Exchangeable Cations 
 
The content of exchangeable calcium (Ca) was 
significantly (P > 0.05) affected by land uses, (Table 4).The 
presence of such significant variation on exchangeable Ca 
could be triggered from different management practice, 
way of land utility, and the various imbalances proportional 
of soil texture and OM. The mean values of exchangeable 
Ca under the forest, grazing, eucalyptus and the cultivated 
lands were 60, 38, 21 and 14 cmol (+) kg-1 respectively 
(Table 4). Exchangeable magnesium (Mg) content was 
significantly (P > 0.05) affected by land use. The mean 
exchangeable Mg value was highest (11cmol (+) kg-1) 
under the forest land and lowest (5cmol (+) kg-1) on the 
cultivated land. The lowest values obtained on the 
cultivated land could be related to the influence of intensity 
of cultivation and abundant crop harvest with little or no 
use of input. 

Exchangeable K content was significantly (P ≤ 0.05) 
affected by land use types. Exchangeable K content was 
highest (2.13cmol (+) kg-1) in the forestland and lowest 
(0.9cmol (+) kg-1) in the eucalyptus land (Table 4). The 
highest content in the forestlandwas related with its high 
pH value and was in agreement with study results reported 
by (34) that high K was recorded under high pH tropical 
soils.Generally, the lower exchangeable K contents   in  the  



 
 
 
 
cultivated than other land use might be due to its 
continuous losses in the harvested parts of the plants from 
the cultivated. Previous findings have also considered 
these factors and the application of acid forming fertilizers 
as major factors affecting the distribution of K

+
 in soil 

systems mainly enhancing its depletion especially in 
tropical soils (34). 

Generally, the results show that mean soil exchangeable 
Na

+
 had no significant differences with land use types 

(P > 0.05) (Table 5). Theconcentration of exchangeable 
Na

+
 was the smallest component on the exchange 

complex. Although there was no significant differences 
(P< 0.05) between the soils under all the land use/land 
cover systems., soils under the forest land use system had 
the highest mean soil exchangeable Na

+
 concentrations 

(0.84  cmol (+)/kg soil) while those under crop had the 
lowest concentration (0.48 cmol (+)/kg soil). This may be 
due to the fact that the low soil pH under the crop land 
would lead to a decrease in soil base saturation, through 
immobilization of the exchangeable bases, and may result 
in soil exchangeable bases depletion over time (10).  
 

 
SUMMARY AND CONCLUSIONS 
 
The conversion of natural forests to crop production and 
continuous and intensive cultivation of soils without 
optimum inputs have been practiced in the study area over 
many. Population pressure has also led to cultivation of 
marginal lands and steep slopes.The results of this study 
are evidences of significant changes in the quality of the 
soils in the Study area. The influence on most parameters 
was negative on soils of the cultivated land following the 
removal or destruction. PH and OM significantly reduced 
from 6.4 to 5.6 and from 8.1 to 3.8% in the forest to 
cultivated soils, respectively. The soil of the cultivated land 
was moderate acidic Whereas EC, Total porosity, 
Exchangeable sodium and Carbon nitrogen ratio showed 
non-significant (P > 0.05) differences due to land use 
changes. Total nitrogen decreased from 0.4 to 0.19 in 
forestland to the cultivated land soils. The amount of 
exchangeable basic cations decrease and resulting in 
limitation of growth of most crop plants and ultimately to 
decline in crop yields and productivity. Land use 
successions reduced Cation exchange capacity and 
percent base saturation contents from 75 to 35 and from 
99 to 62.6% in the forest to the cultivated land soils, 
respectively. As would be expected, the largest and 
smallest figures were observed in the forest and the 
cultivated land soils, respectively. This has tremendous 
implications for agricultural production and soil 
degradation, which ultimately, to diminished soil fertility and 
land productivity. Soil CEC is crucial in soil fertility because 
the total quantity of nutrients available to plants as 
exchangeable cations depends on it, and it influences the 
degree to which H  and   Al   ions    occupy   the  exchange  
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complex, and thus affects the pH of soils. On the other 
hand, the available P content under the cultivated land was 
highest (4.40 mg kg-1) compared to the other adjacent 
land use systems, and this might be due to application of 
inorganic P fertilizer in to crop fields. These variations of 
soil physicochemical properties between land use types 
indicate the risk to the sustainable crop production in the 
area.  

Therefore, to maintain sustainable agricultural production 
problemson the watershed need to be alleviated through 
sufficient knowledge on the properties of soils is 
prerequisite for designing appropriate management 
strategies and thereby solving many challenges that the 
Ethiopians are facing in the crop and livestock production 
sectors and in their efforts of natural resource management 
for sustainable development. Generally,itis recommended 
that different integrated land management should be 
practiced to different land use systems to overcome land 
degradation and achieve sustainable agricultural 
production in cultivated lands of the study area. Moreover, 
attention should be given to afforestation schemes to 
combat land degradation and contribute towards mitigating 
climate change. 
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