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Abstract

Soil physicochemical properties can be affected by different land use type in Ethiopia. The nutrient content of soil in the three
sites was varied based on; soil management systems, organic inputs and other factors. Cognizant of this fact, research was
conducted in Bubisa Watershed to evaluate the effect of different land use types and slope on selected physicochemical
properties of soil. Accordingly, lands such as; crop, grazing and forest land were nominated and twenty seven (27) core and
composite soil samples were collected from 0-20 cm layers. Soil analysis was done and the highest (1.29 g cm™) bulk density
was recorded on the upper slope of crop land and lower (0.99 g cm™) on the lower slope of forest land. Total porosity and
Available water holding capacity were high (60.02%; 172 mm/m) in forest land and lower (49.56%); 152 mm/m) in crop land
respectively. Soil pH was high in forest land and low in crop land soils. The result of soil organic carbon and total nitrogen
were also high (4.51%; 0.22%) in forest land and low (1.4; 0.15) crop land soils, respectively. Moreover, CEC and basic
cations varied across the three sites and high in forest land and low in crop land in the study watershed. Based on the results, it
was concluded that forest has high concentration of soil nutrients except bulk density than crop land. As recommendation,
studies should be expanded to provide more conclusive recommendation to have qualified; productive soils and estimate the
effect of land use types and slope on soil properties for sustainable agricultural productivity.
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1. Introduction

Land degradation leads to improper soil management
practices and low soil fertility in large parts of Ethiopia [1].
The major causes are; deforestation, overgrazing, erosive
rainfall patterns, no fallowing, removal of crop residues and
low input of inorganic fertilizers and cultivation of crops on
steep and fragile soils due to scarcity of land. The traditional

farming practice that have been used during long term culti-
vations, limited awareness on soil and water conservation
practice, inappropriate land use systems for crop production
have aggravated the conditions [2].

The need of farming communities, environmental condi-
tions, socioeconomic status, politics and cultural behaviors
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of the given area determine the land use types [3]. These
influences the holder to choose the type of land uses to be
used for different purposes. In the long run, soil degradation
can be resulted in the decreasing of agricultural productivity,
increasing of poverty and problem of attaining food security;
which are key problems of the country in general and rural
highlands as compared to the lowlands in particular [4].

Moreover, topography also plays a vigorous part in biogeo-
chemical processes which achieves key environmental, eco-
nomic and social purposes [5]. It modifies the soil-water con-
tent, amount of rainfall, drainage system, erosion, soil compo-
sition, and other soil properties that affect plant growth within
a field and brought soil variability [6]. Topographic variability
resulted in variable crop production systems through affecting
land productivity by influencing soil properties [7]. In addition,
exhaustive and incessant crop production without proper soil
management resulted in decline soil fertility which exacerbates
low production and food insecurity [8]. Furthermore, defor-
estation and cultivation of virgin soils often lead to exhaustion
of essential plant nutrients such as N, P and S [9]. It also caus-
es loss of soil OM and accelerated the rate of soil degradation.
In such agriculture-based countries, reversing the declining of
land productivity resulting from environmental dreadful condi-
tions and ensuring adequate food supplies to the fast-growing
population is a painful challenge.

Increasing crop production can be succeeded through im-
proved soil fertility by addition of organic and inorganic inputs
and optimal use of plant nutrients. Assessment of adequacy
and requirement of plant nutrient is an imperative component
of research for balanced use of nutrients from external sources
[10]. Because of strong reliance of the country on agriculture
as an economic driving force, soil resources should be man-
aged in a maintainable way [11]. Hence, full consideration
should be given to evaluate soil properties of the sites under
different land use management systems.

The livelihood of communities at Bubisa watershed is
based on agricultural activities. The watershed has low soil
fertility status and less productive due to continuous crop
production and deforestation associated with soil erosion and
leaching which will make the efforts to increase crop produc-
tion difficult. This problem may be improved through the
inhibition of land degradation, restoration of the degraded
areas and preparation of a rational land use planning for agri-
culture [12]. This indicate the importance of monitoring land
use variations and estimate ecological replies of soils to land
use fluctuations in Adea Berga district particularly at Bubisa
watershed. In this esteem, little or no scientific information
related to the size of land use type and its effect on soil prop-
erties in the study site. Therefore, the study was conducted
with the objective of determining the effect of land use types
and slope on selected soil physicochemical properties at
Bubisa watershed.

2. Material and Methods

2.1. Description of the Study Area

2.1.1. Location and Area Coverage

The study was conducted at Bubisa watershed in Adea
Berga district of West Shewa Zone, Oromia. The distance of
the district is 67 km from Addis Ababa and bounded by Mulo
and Sululta district on the East, Degem and Kuyu district on
the North, Yaya Gulele district on the North East, Meta Robi
district on the West and Ejere and Welmera district on the
South. The geographical location of the study site is 912” to
937” North and 38177 to 3836 East and the total area
coverage of Adea Berga district and Bubisa watershed are
94,995.5 and 206.3 ha, respectively.
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Figure 1. Location of Adea Berga district in Ethiopia.
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2.1.2. Climate and Physical Features

Adea Berga district has three agro-ecological zones (High-
land, Midland and Lowland). Midland dominates large areas
of the study sites. The rainfall of the district is unimodal and
its highest rainy season (80%) happens in summer starting
from mid-June and ending in Mid-September whereas; the
mean annual rainfall is 1180.5 mm. The minimum and max-
imum temperatures of the study area are 6.12 and 24.99<C,
respectively. Bubisa Watershed is dominated by undulating
land forms with diversified slope categories [13]. Its altitude
ranges from 1160 to 3238 meters above sea level (masl).
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Figure 2. Mean monthly rainfall and temperatures of Adea Berga
district.

2.1.3. Soil Types and Parent Materials

Vertisol is the major soil type covering large areas of
Bubisa watershed and the parent material is basaltic [14].
These are heavy clay soils with high quantities of escalating
clays (smectites). The smectite clays swell and shrink upon
wetting and drying. During the dry season, the clay shrinks,
becomes very hard and forms wide and deep cracks [15].

2.2. Study Approach and Source of Data

Spatial analogue method was designated to study the simi-
larity and variability of different land uses types operating
within a similar location and similar soil types for this study.
Important data regarding to the study sites were collected.
Primary data were collected through personal interviews
with respondents and using questionnaire. Besides, second-
ary data were collected from various published and un-
published materials.

2.3. Site Selection and Soil Sampling

Three representative land use types (forest, grazing and
crop lands) were identified in order to conduct the study in
Bubisa watershed and each land use type was partitioned into
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three segments with their consecutive slopes [lower, middle
and upper] for soil sample collection. A field area of 120 m
x120 m size was assigned as sampling field for each slope
positions of land use types based on a method applied by a
study [16].

Hence, nine sampling sites for each land use types were
randomly allocated and location of sampling sites were iden-
tified by using GPS. Core samplers and auger were used to
collect core and composite soil samples from 0-20 cm re-
spectively and a total of 27 composite and core soil samples
were collected. One composite soil sample was made from
the seventeen subsamples as shown in Figure 3 using ring or
circle sampling method at 15 m radius from the center point.
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Figure 3. Sub sampling positions.

2.4. Soil Sample Preparation and Laboratory
Analysis

Composite soil sample collected (500 g) were air dried;
ground and laboratory analysis was done for both physical
and chemical properties of soils at Oromia Engineering Cor-
poration and Batu Soil Research Center. A 2 mm sieve and
0.5 mm sieve was used for total N and soil organic carbon
content respectively, following standard laboratory soil anal-
ysis procedures.

2.4.1. Soil Physical Analysis

Soil particle size distribution was determined by the hy-
drometer method [17]. The soil was allocated to a textural
class using the USDA soil textural triangle [18]. Bulk density
was determined from core sample using core method [19].
Total porosity was computed from the values of bulk density
and particle density [20]. To determine the AWHC of the soil,
water content at FC and PWP were measured at -1/3 and -15
bars soil water potential, respectively, using the pressure
plate apparatus [21]. The AWHC was obtained by subtracting
water content at PWP from FC.
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2.4.2. Soil Chemical Analysis

Soil pH was measured using pH meter at suspension of 1:2.5
(soil: liquid ratio) [22, 23] Soil organic carbon content was de-
termined using wet digestion method. Total N was analyzed
using the Kjeldahl digestion, distillation and titration method as
described by [24]. Available soil P was extracted according to
the standard procedure of Bray and Kurtz extraction method
[25]. The P extracted with this method was measured by spec-
trophotometer following the procedures described by [26]. CEC
and basic cations (Ca, Mg, K and Na) were determined after
extracting the soil samples by ammonium acetate (1IN NH4OAc)
at pH 7. Exchangeable Ca and Mg in the extracts was analyzed
using atomic absorption spectrophotometer, while Na and K
were analyzed by flame photometer [27, 28]. Percent base satu-
ration was calculated by dividing the sum of the charge equiva-
lents of the base forming cations (Ca, Mg, K and Na) by CEC of
the soil and multiplying by 100 [29].

2.5. Data Analysis

Descriptive statistics was used to analyze the data and
comparisons of some soil physicochemical properties with
their critical values were also done. Simple correlation anal-
ysis was also conducted by R statistical software version
3.5.3 [30] to identify useful relations between selected soil
physicochemical properties.

3. Result and Discussions

3.1. Effects of Land Use Types and Slope on Soil
Physical Properties

3.1.1. Particle Size Distributions
Soil texture is an intrinsic soil property less affected by

management practices [31]. In this study, the highest
(39.24%) and lowest (23.86%) values of sand content were
obtained on the upper slope of crop land and forest land,
respectively (Table 1). These high sand content of crop land
might be related with no sand removal by erosion on the up-
per slope of cultivated land, where silt and clay contents
were susceptible to erosion due to continuous cultivation
down to the river and ponds. In agreement with this, [32]
reported the highest sand percentage for crop land.

Silt content of the soil in the study area was high (41.64%)
in forest soil and low (34.43%) in crop land soils (Table 1).
This value might be recorded in forest land soils due to the
shielding effect of forest to minimize soil erosion problems,
the lowest mean of silt content in crop land might be due to
soil loss as a result of erosion and high levels of soil weather-
ing processes during tillage practices and subsequent conver-
sion of silt fractions to clay through chipping (breaking) of
silt by the effect erosion that could most possibly cause low-
er silt content in crop land. Agreement with the present result,
[33, 34] also described the highest silt content in forest land
than in cultivated land.

Moreover, the maximum (34.5%) and minimum (23.02%)
value of clay was detected on the upper slope of the forest
and crop land respectively (Table 1). This value recorded in
crop land might be due to high leakage of clay down to the
profile in cultivated site. This finding is similar with, [35, 36]
who stated the highest clay content in forest land and the
lowest in the cultivated land.

In terms of suitability for crop production (in cultivated
land), loam soils are the most preferable soil for all farming
communities due to its relatively proper composition of the
three soil types sand (40%), silt (40%) and clay (20%) which
is workable, moderately moisten and well aerated soil textur-
al class [37, 38]. The dominant textural class of soils in the
study area is clay loam based on the result of total surveyed
sites (Table 1).

Table 1. Mean of particle size distribution for the study area.

Particle size distribution (%)

Land use Slope (%) Depth (cm) textural class
Sand Silt Clay
Upper 0-20 39.24 37.74 23.02 L
Cultivated land Middle 0-20 36.4 35.77 27.83 L
Lower 0-20 33.22 34.43 31.83 CL
Upper 0-20 35.3 35.28 29.42 CL
Grazing land Middle 0-20 32.53 35.92 31.54 CL
Lower 0-20 31.92 37.22 30.86 CL
Upper 0-20 23.86 41.64 34.5 CL
Forest land
Middle 0-20 29.06 40.3 30.64 CL
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Particle size distribution (%)

Land use Slope (%) Depth (cm)

Sand

Lower 0-20

L= loam, CL = Clay loam

3.1.2. Bulk Density and Total Porosity of Soil

Soil bulk density is an indicator for compaction and soil
health. It was considerably varied among the land uses in
Bubisa watershed and the value ranges from 0.99-1.15 g cm™
in forest land, 1.01-1.14 g cm™ in grazing land and 1.21-1.29
g cm™ in crop land (Table 2). Relatively, high (1.29 g cm™)
and low (0.99 g cm™) mean value was obtained from the
upper slope of crop and lower slope of forest sites respective-
ly. This variation might be attributed to variation in their soil
organic matter content, slope position and microbial activi-
ties. In general, forest soils with their comparatively highest
soil OM content has lower bulk density.

The highest value observed on crop land might be due to low
soil organic matter content as result of continuous cultivation
(Table 2) and this can be confirmed by negative correlated (r= -
0.77**) between soil BD and soil OC content in the study wa-
tershed (Table 5). In consistent with this finding, [39] reported
the highest BD in plowing layer of crop land. The lowest soil
BD obtained from forest land might be due to the fact that high
addition of soil organic matter in forest land without fast de-
composition processes as it was also reported by [40].

The ideal soil BD for plant growth was 1.1-1.2 g cm™for clay
loam soils and 1.4 g cm™ for loam soils as suggested by [41].
Thus, the highest BD value of cultivated site than these critical
values indicates existence of soil compaction and strong bottle-
neck for most crop production in the watershed (Table 2).

In this study, the highest (60.02%) and lowest (49.56%)
mean of TP was observed lower slope of the forest land and
upper slope of crop soils, respectively (Table 2). The highest
TP in forest land could be accredited by high OM, better
aggregation and low BD of this land use. Agreement with
this, [42, 43] also reported the highest TP of forest land due
to its improved organic matter content than other land uses.

As suggested by [44], the ideal values of TP for crop pro-
duction ranges from 50 to 60%. The TP of the soil was posi-
tively correlated (r = 0.78**) with soil OC and negatively
correlated (r = -0.99*%*) with BD in the study watershed (Ta-

35.28

textural class
Silt Clay

34.95 30.29 CL

ble 5). Similarly, [45] also reported the positive and negative
correlation of TP with organic matter and BD, respectively.

3.1.3. Available Water Holding Capacity

The soil volumetric water content at field capacity and
permanent wilting point as well as AWHC was found to be
variable among the land uses considered for this study.
Across the study sites, the soil volumetric water content at
field capacity was ranged from 36.3-40.8% for crop site,
40.4-44.7% for grazing site and 44.8-46.8% for forest site.
Similarly, the values of soil volumetric water content at per-
manent wilting point was ranged from 21.1-24.7% for crop
site, 24.5-28% for grazing site and 28.5-29.6% for forest site.
The computed values of available water holding capacity of
soil under land uses were averaged between 152-161 mm/m,
159-167 mm/m, and 163 to 172 mm/m, respectively, for crop
site, grazing site and forest site (Table 2).

The highest (46.8%, 29.6%) and lowest (36.3%, 21.1%)
soil water content of this study were recorded at FC and PWP,
respectively, from the lower slope of forest and upper slope
of crop land uses (Table 2). Similarly, the highest (172
mm/m) and lowest (152 mm/m) AWHC was observed from
the soils under forest and crop lands, respectively (Table 2).
The highest AWHC for forest land might be due to high or-
ganic matter and clay content of forest land and the reverse
for cultivated land. In agreement with this finding, [46] also
observed the highest AWHC for forest land due to better ac-
cumulation of crop residues than other land uses. The lowest
AWHC for crop land could be due to removal of plant resi-
dues from crop lands. Similarly, [47] reported that low avail-
able water holding capacity of crop land use due to removal
of organic matter in different form from this land use.

As per rating by [48] the values of available water holding
capacity of the watershed was categorized under medium
class. Moreover, as suggested by [49] the optimal water
holding capacity of soil for most crop production is greater
or equal to 150 mm per meter depth.

Table 2. Mean of BD, TP, FC and PWP of study area.

Land use SP Depth (cm) BD (gcm™

Cultivated land Upper 0-20 129

19

TP(%)  FC(%)  PWP (%) AWHC (mm/m)

49.56 36.3 21.1 152
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Land use SP Depth (cm) BD (gcm™
Middle 0-20 1.23
Lower 0-20 1.21
Upper 0-20 1.14
Grazing land Middle 0-20 1.04
Lower 0-20 1.01
Upper 0-20 1.15
Forest land Middle 0-20 1.05
Lower 0-20 0.99

TP(%)  FC(%)  PWP (%) AWHC (mm/m)
53.59 39.5 23.7 158
54.34 40.8 24.70 161
56.98 40.4 245 159
57.63 425 26.1 164
5.76 44.7 28.0 167
56.73 44.8 28.5 163
58.38 455 28.7 168
60.02 46.8 29.6 172

BD= Bulk density, TP= Total porosity, FC= Field capacity, PWP= Permanent wilting point, AWHC= Available water holding capacity

3.2. Effect of Land Use Types and Slopes on
Chemical Properties of Soils

3.2.1. Soil pH

Soil reaction (pH) characterizes the chemical properties of
the soil and identifies the soil suitability for crop production.
The soil pH varied with land use types and slope position.
The pH values for this study were ranged between 5.65 and
6.51 on pH scale. The value under lower slope in forest site
was highest (6.51 pH) and lowest (5.65 pH) value was noted
on the upper slope of crop land surface soil, respectively
(Table 3). The difference in soil pH could be due to variation
in slope positions, organic residues, difference in vulnerabil-
ity to surface erosion and difference in basic cations content.

The highest soil pH recorded for forest land attributed to
the increase in soil organic matter and high accumulation of
exchangeable bases and lowest value of soil pH under the
crop land might be due to the diminution of basic cations in
crop land and high microbial activities. This finding was
similar to research finding by [50] who reported the highest
soil pH in forest land. In line with this, [51] also reported
highest rate of microbial activities in cultivated land that
lower the organic matter content and pH of crop land.

As stated by [52] forest and grazing land uses were cate-
gorized under slightly acidic soil pH. According to [53] the
ideal soil pH for crop production ranges from 5.6-7.5 and
crop land is within the optimum pH for crop production.

3.2.2. Organic Carbon Content

Across the land uses, soil organic matter content was
ranged from 1.4-2.43% in crop site, 2.23-3.02% in grazing
site and 4.04-4.51% in forest site (Table 3). High (4.51%)
and low (1.4%) content of soil OC was obtained from lower
slope of forest field and upper slope of cultivated field re-
spectively (Table 3).

As stated by [54], the soil OC of Bubisa watershed was
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categorized under low to medium class in crop site, medium
class in grazing site and high class in forest site. Agreement
with results [55] confirmed exhaustive cultivation results in
fast oxidation of soil OM. Moreover, [56] informed the com-
plete elimination of crop residues for animal feed caused low
OM content in soils of Ethiopia. [57] Stated that most culti-
vated soils of Ethiopia are poor in OM content.

3.2.3. Total Nitrogen and Carbon to Nitrogen Ratio

In study area, the concentration of total N was differed
among different fields (Table 3). Comparatively, high (0.22%)
and low (0.15%) average of total N was observed on the
lower slope of forest soils and upper slope of crop soils (Ta-
ble 3). The ultimate source of variation among the land use
type is soil OM content. The highest total nitrogen from for-
est soil could be attributed to relatively high OM and has
positive correlation (r = 0.81**) soil OC (Table 5). Covenant
with this [58] reported that, high mean of total N under forest
site due to good microclimate, with moderate soil tempera-
ture and decreased loss of total N. Similarly, [59] also report-
ed that soil OM is the source of total N content of soil which
substitutes for about 95% of the total N.

Based on the ratings by [60], the total N under crop land
was in medium class and [61] reported that the low OC input
gained from the existence of crop production could not com-
pensate N losses through OM mineralization, volatilization,
de-nitrification and erosion in cultivated soils.

The soil TN varies not only with the land uses but also
varied with the slope positions (Table 3). The TN of the soil
increases from upper to lower slope in all the three land uses
due to high removal of organic residues from upper slope
and decrease in soil OM content. [62] Described that the
highest mean of TN on lower slope positions.

C: N ratio is an important guide which shows either great-
er rate of nutrient mineralization (low C: N ratio) or immobi-
lization (higher C: N ratio) [63]. It ranges from 9.33-11.57,
13.12-14.38 and 20.21-20.53, respectively, for crop field,
grazing field and forest field (Table 3). Relatively, high
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(20.53%) and low (9.16%) mean of C: N ratio was perceived
in the soils of forest and crop land, respectively (Table 3).
The highest and lowest C: N ratio might be due to high OC
and rapid decomposition and improved aeration during till-
age operation.

Moreover, narrow carbon to nitrogen ratio of crop land in-
dicates high microbial activity. In agreement with this find-
ing, [64] testified the lowest C: N ratio of crop field due to
severe depletion of OM and continuous mining of soil N.
Similarly, [65] also stated the highest value of C: N ratio for
the forest land in the soils of Ethiopia. [54] Suggested the C:
N ratio of crop site in the watershed was classified under low
class.

The variation of C: N ratio with the slope position was ob-
served among the study sites and high value of C: N ratio
was verified under lower slope of forest soil, while, the low-
est value was noted under the upper slope of crop land soil
(Table 3). This might be due to high accumulation of soil
OM content in forest land and accelerated rates of decompo-
sition of organic residues in the cultivated land. [66, 67] also
informed the highest and lowest C: N ratio under lower and
upper slope of forest and crop land respectively (Table 3).

3.2.4. Available Phosphorus

Soil available P was fluctuated from 8.78-12.94 ppm (crop
land), 5.08-6.95 ppm (grazing land) and 6.68-10.28 ppm
(forest land). Accordingly, the highest (12.94 ppm) and low-
est (5.08 ppm) available P was obtained from the crop land
and grazing land, respectively (Table 3). High soil available
P was noted for crop site might be the result of organic and
inorganic fertilizers used in crop site. According to [68, 69]
high available P for crop land might be because of fast min-
eralization from organic residues. As rating by [70] the
available P of soil in the crop land and forest were varied
from low to medium and low for grazing land (Table 3).

Consequently, the available P of the soil increases from
upper to lower slope in all the three fields due to high accu-
mulation in soil OC on lower slope (Table 3) and the rela-
tively high clay content which might increase P fixation. In
line with this, [71] reported that, the highest available P of
crop land due to P containing fertilizer application, fast de-
composition and mineralization of soil OM in crop land.
Likewise, [72] testified the highest available P of cultivated
soils due to p containing fertilizer applied to crop land.

Table 3. Mean values of pH, TN, OC, C: N and Av. P in the study area.

Land use Slope positions Depth (cm) pH (H,0)

Upper 0-20 5.65
Cultivated land  Middle 0-20 5.75

Lower 0-20 5.86

Upper 0-20 6.27
Grazing .

Middle 0-20 6.39
land

Lower 0-20 6.37

Upper 0-20 6.22
Forest .

Middle 0-20 6.38
land

Lower 0-20 6.51

TN (%) OC (%) C:N Av. P (ppm)
0.15 1.4 9.33 8.78

0.17 1.76 10.35 11.01

0.21 243 11.57 12.94

0.17 2.23 13.12 5.08

0.17 2.26 13.29 6.16

0.21 3.02 14.38 6.95

0.20 4.04 20.21 6.68

0.21 4.34 20.34 8.01

0.22 4.51 20.53 10.28

pH= Power of hydrogen, TN= Total Nitrogen, OC= Organic Carbon, C: N= Carbon to nitrogen ratio, Av. P= Available phosphorus.

3.2.5. Cation Exchange Capacity

The study revealed that, soil CEC of the analyzed result
shown dissimilarity among all land uses considered. The soil
CEC of land uses were ranged from 19.47 to 22.39 Cmol (.)
kg™ (crop land), 21.49 to 21.66 Cmol (,) kg™ (grazing land)
and 22.85 to 23.22 Cmol (,) kg™ (forest land) (Table 4). Rel-
atively high (23.22 Cmol (+) kg™) and low (19.47 Cmol (+)
kg™) value of CEC was observed for soils forest and crop
land, respectively.

The highest soil CEC for forest land could be due to high
clay percentage and OC confirmed by positive correlation

21

(r=0.67**) with OM (Table 5). The research conducted by
[73, 74] were in with this result and the highest CEC of for-
est land might be associated high OM content. Moreover, [75]
stated that, CEC is high in forest land due to high soil OM,
clay, pH and low in cultivated land.

The CEC of Bubisa watershed shown variation with slope
and the highest and lowest mean values of soil CEC were
recorded in lower slope of forest land and upper slope of
crop land, respectively (Table 4). This might be due to high
soil pH and OM content in forest land on lower slope and
high removal of soil OM content by erosion as well as con-
tinuous leaching of basic cations and clay on upper slope in
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crop land as stated by [76].

3.2.6. Exchangeable Bases

Exchangeable bases are the most dominant cations present
in many soils and surrounding the exchange sites of most
soils. The basic cations of soil in study area exposed to varia-
tion for the land uses considered for this study. Relatively,
the highest values of Ca (9.97 Cmol (+) kg?), Mg (2.98
Cmol (+) kg), K (0.79 Cmol (+) kg™) and Na (0.25 Cmol (+)
kg™) were recorded from forest land use soil, whereas the
lowest values of Ca (7.51 Cmol (+) kg™), Mg (1.60 Cmol (+)
kg™) and Na (0.13 Cmol (+) kg™*) were registered from crop
land use (Table 4).

The difference in OM, clay percentage, parent materials
from which the soil is formed, slope and soil management
practices used might be the reason for the variations in ex-
changeable basic cation content among the land uses under
consideration (Table 4). Likewise, the highest soil basic cati-
ons (Ca, Mg, K and Na) verified at forest land might be due
to relatively higher clay percentage and organic matter con-
tent of this land use. Similarly, [77] reported that high con-
tent of organic residues of forest land could protect loss of
basic cations through leaching. In contrary, the lower bases
recorded at crop land use might be attributed to lower organ-
ic matter contents and highest percentage of sand particle
which contribute to rapid transport process of basic cations
through leaching. Similarly, [78] reported lower concentra-
tions of basic cations for soils under crop land due to low
organic matter and high sand contents.

The exchangeable Na for soils under all land uses consid-
ered was categorized in low class. As suggested by [79], the
ideal values of exchangeable Ca and Mg most preferable for
crop production are ranged from 5 to 10 Cmol (+) kg™ and 1
to 3 Cmol (+) kg™, respectively. With respect to this opti-
mum value the values of Ca and Mg recorded for all land
uses including crop land are found in this optimum value.
Moreover, the optimum value of exchangeable K in the most
for crop is 0.38 Cmol (+) kg™. In terms of this critical value,

the content of exchangeable K under soil of crop land use is
above this optimum for crop production.

From the fertility point of view, these three basic cations
are not restricting nutrients to crop production. However, the
results of this study indicating the existence of sufficient
basic cations soil under crop land are for crop production.
Similarly, [80] reported that crop responses to K fertiliza-
tions are rare in Ethiopia due to high exchangeable K content
in many parts of the country. In contrary to this, [81] report-
ed the low levels of exchangeable K in most acid soils of
Ethiopia and the difference in these two findings might be
due to difference in soil parent materials.

In all land uses the content of soil exchangeable basic cat-
ions increased with slope positions. Accordingly, high mean
9.97, 2.98, and 0.25 Cmol (+) kg™ of bases (Ca, Mg and Na),
are observed under the surface of lower slope of forest land.
However, the lowest mean values 7.51, 1.6, 0.13 Cmol (+)
kg™ of bases (Ca, Mg, and Na), are recorded, respectively,
from the upper slope of crop land. Similarly, [82] reported
that the exchangeable bases were increased from upper to
lower slope due to high accumulation of soil OM, clay con-
tent as eluviation of nutrients and organic material from up-
per slope to lower slope.

3.2.7. Percent Base Saturation

The soils under the three land uses at Bubisa watershed
showed differences in percentage base saturation among the
land uses. It was ranged between 51.52 to 54.62% in crop
land, 55.79 to 57.25% in grazing land and 57.90 to 59.35%
in forest land. The highest (59.35%) and the lowest (51.52%)
mean of percentage base saturation were obtained from for-
est land and crop land, respectively (Table 4). The highest
mean of percentage base saturation might be attributed to
relatively high organic matter content and clay fraction
which adsorbs basic cations against leaching. Similarly, [83]
reported that high percentage base saturation due to high
organic matter content.

Table 4. Mean of CEC, Ca, Mg, K and Na of soil for study watershed.

cm Cmol (,) kg™ %
Units
Means

Land use Slope positions  Depth CEC Ca Mg K Na PBS

Upper 0-20 19.47 7.51 1.6 0.79 0.13 51.52
Cultivated land Middle 0-20 20.69 8.3 21 0.70 0.15 54.37

Lower 0-20 22.39 8.8 2.6 0.65 0.18 54.62

Upper 0-20 21.49 8.4 2.61 0.84 0.14 55.79
Grazing land

Middle 0-20 21.59 8.61 2.62 0.66 0.16 55.81
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cm Cmol (,) kg %
Units
Means
Lower 0-20 21.66 8.89 2.81 0.51 0.19 57.25
Upper 0-20 22.85 9.29 2.86 0.87 0.21 57.90
Forest land Middle 0-20 23.12 9.68 2.93 0.64 0.23 58.31
Lower 0-20 23.22 9.97 2.98 0.58 0.25 59.35

CEC= Cation Exchangeable Capacity, Ca= Calcium, Mg= Magnesium, Na= Sodium, K= Potassium, PBS= Percent Base Saturation

In general, soils in crop land of study area are fertile be-
cause many of the bases that contribute to higher percentage
base saturation are essential macro plant nutrients as sug-
gested by [84]. Based on the result obtained, the highest
mean value of percentage base saturation was recorded in
forest land and the lowest was recorded in cultivated land.
This might be due to high OM and clay content of the forest
field than grazing and crop field. [85] Reported the highest
percentage base saturation in the forest land than crop land
due to its higher basic cations. The percentage base satura-
tion (PBS) followed the trend of exchangeable bases which
varies with the slope positions. Percentage base saturation of
the soil increased with increasing from upper to lower slope
due to high accumulation of soil OM, clay content, basic

cations and soil pH as eluviation of nutrients and organic
material from upper slope to lower slope.

3.3. Pearson Correlation Matrix

Considering the Pearson correlation presented in Table 5,
sand was highly and negatively correlated with organic car-
bon as well as, moderately and positively correlated with
bulk density. Likewise, clay was moderately and positively
correlated with available phosphorus and potassium whereas,
BD was highly and negatively associated with TP, soil pH,
total nitrogen, organic carbon, cation exchange capacity and
calcium. Similarly, TP was highly and positively associated
with OC and CEC.

Table 5. Pearson’s correlation matrix for soil properties.

Sa Si Cl BD TP pH TN
Sa 1
Si 0.71** 1
Cl -0.81** -0.15 1
BD 0.26 019 -021 1
TP -0.31 021 0.26 -0.99** 1
pH -0.44 0.07 0.56* -0.76** 0.79** 1
TN -0.38 0.33 0.26 -0.74*%* 0.77** 0.65** 1
oC -0.61** 0.51* 0.43 -0.77** 0.78** 0.70*** 0.81**
Av.P -031 023 024 -0.04 0.12 0.42 0.33
CEC -043 003 0.58* -0.54* 0.58* 0.73** 0.67**
Ca -041 0.04 054 -057 0.59* 0.72** 0.67**
Mg -0.36 0.51* 042 -0.31 033 0.53* 0.16
K 0.13 041 0.38 -0.87** 0.11 0.34 0.07
Na -042 0.09 051 -04 0.45*  0.56* 0.69**
PBS -0.44 0.02 0.60** -0.37 0.40 0.60**  0.60**

ocC Av.P CEC Ca Mg K Na PBS
1

0.01 1

0.67** 0.02 1

0.78** 0.05 0.93** 1

0.07 0.11 0.49* 042 1

0.02 0.15 0.59* 045 081** 1

0.63** 0.11 0.95** 0.89** 0.32 047* 1

0.67** 0.07 0.87** 0.95** 0.40 0.45* 0.89** 1

**Significant at P = 0.01 level; * significant at P = 0.05 level; Sa = sand; Si = silt; Cl = Clay

23


http://www.sciencepg.com/journal/ijema

International Journal of Environmental Monitoring and Analysis

http://www.sciencepg.com/journal/ijema

4. Conclusions and Recommendations

4.1. Conclusions

The result of this study has shown that, there was a varia-
tion in soil properties among the three land use types due to
slope variations, management systems and tillage practices in
the study area. In crop land, soil pH have shown lower mean
value due to high leaching of basic cations down the profile
and surface erosion as a result of continuous cultivation. Ac-
cordingly, forest land has higher soil nutrient content than
other land use types due to high soil organic matter, high clay,
low leaching and low soil erosion.

4.2. Recommendations

Based on the findings and conclusions of this study it can
be recommended that, integrated soil fertility management,
forest conservation and the use of conservation tillage in-
crease soil productivity to feed the fast-growing population
in the study area. Moreover, further studies are expected to
have productive soils for sustainable agricultural productivity
and feeding the fast-growing population.
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