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Abstract: The availability of macro- and micro-nutrients in acidic soil areas are one of the important factors
controlling the productivity of soil. Assessing land use induced changes on soil properties and nutrients
availability are essential for addressing the issues of agro ecosystem transformation and sustainable agricultural
productivity.The study was conducted during 2016 on the availability of boron (B), sulfur(S) and zinc(Zn)) and
status of other selected soil properties in acidic soils of WayuTuka District. Representative composite top soil
samples (0-30) cm depth were collected and analyzed using standard laboratory procedures at Nekemte Soil
Research Center Laboratory and Addis Ababa University Chemistry laboratory for selected soil properties and
availability of B, S and Zn. One way ANOVA was employed to compare the components of soil parameters
collected from different land uses and localities. The concentrations of B, S and Zn in soil samples were
determined using Flame Atomic Absorption Spectrophotometer for Zn andhot water for extractable B and S in
relation to some chemical properties of the representative soils. The result of soil pH indicated that forest,
farming and grazing lands were strongly acidic (pH<5.5) soils. The highest average mean values of 0.89±0.13,
1.53±0.23 to 0.99±0.14 and 9.31±0.95 to 10.08±0.2 of Zn, B and S, respectively observed under forest land and
lowest values 0.12 ± 0.001 to 0.13 ± 0.001 and3.92±0.04 to 4.27± 0.04 of B and S, respectively observed in the
farming land. The soil pH (H O) of all land use types were ranged from 4.63 to 5.54 and rated as very strongly2

acidic. The availability of Zn, B, S and other selected soil properties (OM, N, OC, Bulk density, C: N ratio, soil
structure, texture of soils under different land use types were non uniformly varied with the soil pH. Therefore,
due attention shall be given to enhance the availability of basic macro- and micro-nutrients so that to minimize
the soil acidity for high productivity of the soil of present study site in particular and other similar agro-
ecological zones in general.
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INTRODUCTION potassium (K) from the surface of soil. Its severity is

Soil acidity is one of the chemical soil degradation land form, vegetation and climate pattern. The negative
problems affects productivity of the soil in high land of effects of soil acidity on crop growth are those related to
Ethiopia. Soil acidity can either be accelerated by certain the deficiency of major nutrients and the toxicity of
plants and human activities or slowed down by careful aluminum (Al), manganese (Mn) and hydrogen (H) ions in
management practices. Soil acidity is often developed in the soil to plant physiological processes. Due to this
regions where excessive rainfall coupled with unfavorable acidic nature, most of the soils of the highlands of
temperature and precipitation is high enough to leach Ethiopia are deficient in inherent available P content and
appreciable amounts of exchangeable basic ions like also shortage of macronutrient (Sulfur) and micronutrients
calcium (Ca), magnesium (Mg), sodium (Na) and (B and Zn) [1-5].

extremely variable due to the effects of parent materials,
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Assessing land use induced changes in soil According to the local and the Ethiopian agro-
properties are essential for addressing the issues of agro climatic zonation [11] the study area belongs to the humid
ecosystem transformation and sustainable land (Baddaa) and sub-humid (Badda darree) climatic zones.
productivity. Differences in land use patterns also play a The topography of the study areas are mountainous and
vital role in governing the spatial variation in soil sloping landscape. According to the FAO classification
physicochemical and biological properties under different legend, the main soil group of most of the East Wollega
land  use types, land productivity and farming practices areas is Nitisols. Similar to most  parts  of  the  country,
[5, 6]. Land use changes from forest cover to cultivated the economic activities of the local community of the
land can reduce the soil organic residues and hence lead study area are primarily mixed farming system that
to a decline in soil fertility and increased rates of erosion involves crop production and animal husbandry. The
[7]. The loss of soil organic matter and nutrients can also major crops grown in the area are coffee (Coffee arabica
accelerated rate of soil degradation [8]. Several studies L.), tef  (Eragrostis  tef),  maize (Zea  mays  L.)  and
have been made on soil properties, P-dynamics and its potato (Solanum tubersoum L.) hotpepper (Capsicum
availability in some Western high lands [5, 9, 10]. frutescence) and are usually produced once in a year
However, the availability of (B, S and Zn) and status of under rainfed conditions. Rapid human growth at the
selected soil properties of acidic soils of the present study study area has resulted in a substantial change in
area are not yet studied in sufficient details. Therefore, the declining soil fertility and most natural forest has been
present study was initiated with the objectives of cleared for crop production and local fuel.
investigating the availability of B, S and Zn and status of
other selected soil properties under acidic soils of Site Selection and Soil Sampling: A preliminary survey
different land use types WayuTuka District. and field observation were carried out using topographic

MATERIALS AND METHODS the land forms, land uses, topography and vegetation

Description of the Study Site: The location, major soil representative land use types (natural forest, grazing and
types, topography, natural vegetation and crop grown in farming lands) were identified from  the  WayuTuka
the site  of  the present study are presented below in district of East Wollega Zone. Then 2kg of composite
Figure 1. surface  (0-30 cm) soil samples (after being well mixed in a

map (1:50,000) in order to have general information about

cover of the study site. Accordingly, three major

Fig. 1: Location Map of study area
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bucket  were  mixed sub-samples (composite samples) by Black [14]. The available Zn and B extracted with
from the study sites were properly bagged, labeled and DTPA [15] were determined using Flame Atomic
transported  to  theNekemte soil research center and Absorption Spectrophotometer. Available B and S were
Addis Ababa University Chemistry Laboratory for analyzed by using hot water extraction colorimetric
analysis of the parameters of selected soil properties method in ppm and its concentration was measured using
(Particle size distribution, bulk density, soil moisture flame AAS at a wave length of 520 nm. Soil moisture
contents, soil pH and availability of (B, S and Zn) based content was done by gravimetric method and calculated
up on their standard laboratory procedures. using equation (1):

Laboratory Analysis of Soil Samples: The soil pH was Analysis of  Statistical  Data:  Data  generated
measured potentiometrically with a digital pH meter in the recordedfor soil pH, available B, S and Zn as well as
supernatant suspension of 1:2.5 soils to water ratio [8]. selected soil properties were subjected to correlation and
Soil organic carbon content was determined by the acid analysis of variance using SAS software version 9.1 [16].
dichromate oxidation method and organic matter content
was estimated from the organic carbon content by RESULTS AND DISCUSSION
multiplying the latter by 1.724. Total N was determined
using the micro-Kjeldahl digestion, distillation and The results of the availability of (B, S and Zn) and
titration procedure as described by [12]. Soil particle size status of selected  soil   physical  and  chemical
distribution was analyzed by the Bouyoucoshy drometer properties  of the study area are presented and discussed
methodas described by [13]. Soilbulkdensity (BD) was as below (Table 1 and Table 2). There were relatively
measured fromundisturbed soil samples collected  using lower (4.63) andhigher (5.54) values of soil pH-H Oat the
a coresampler whichwas weighedatfield moisture after Warababomignawere recorded under the forest and the
drying the pre-weighed soil core sample stoconstant farming lands, respectively (Table 1). In addition, higher
weight  in  anovenat 105°Cas perthe procedures described soil  acidity   in    farming    land    showed    that  intensive

2

Table 1: Mean (mean± SD) value of selected physical and chemical properties different land uses of experimental soils.
Warababomigna DaloKomto

Study areas --------------------------------------------------------------- ----------------------------------------------------------------
Land use FL GL FaL FL GL FaL
Chemical properties pH 5.54±0.23 5.10±0.04 4.63±0.04 5.48±0.06 4.9±0.20 4.74±0.08

%OC 5±0.85 3.7±0.28 3.4±0.21 4.25±0.35 3.4±0.28 3±0.0.14
%OM 8.6**1.41 6.4±0.19 6±0.22 7±0.99 6±0.28 5.1±0.04
%TN 0.43±0.07 0.32±0.03 0.3±0.01 0.37±0.03 0.3±0.02 0.26±0.01
C:N 11.63±0.06 11.56± 0.14 11.5± 0.16 11.49±0.08 11.53±0.12 11.54±0.08
Zn (mg kg 0.74±0.09 0.78±0.03 089±0.13 0.61±0.11 0.68± 0.12 0.70±0.021

)

B (mg kg ) 1.53± 0.23 0.19±0.03 0.12± .001 0.99±0.14 0.18± 0.02 0.13±0.0011

S (mg kg ) 10.08±0.28 6.79±0.04 4.27±0.04 9.31±0.95 7.41±0.06 3.92±0.041

Physical properties %SM 13.95±1.59 12.06±1.55 11.58±1.25 12.91±0.89 9.94±0.73 14.71±0.45
BD (g cm ) 1.12±0.02 1.14±0.02 1.15±0.01 1.06±0.06 1.15±0.05 1.21±0.0093

%Sand 41± 1.41 33±1.41 34±0.00 39±1.41 30±0.00 32±0.00
%Clay 31±0.00 40± 1.41 43± 0.00 34±0.71 48± 2.12 47±0.00
%Silt 28± 1.41 27±0.00 23±0.00 27±0.71 22± 0.07 21± 0.00

FL = Forest Land, GL = Grazing Land, FaL= Farming Land, CL= Clay loam

Table 2: Descriptive statistic of soil particle size distribution and soil moisture contents
Soil moisture content and Particle size Distribution/ analysis (soil Texture) 
------------------------------------------------------------------------------------------------------------------------------------------------------------------

Study Areas Landuses SM % (%) Sand (%) Clay (%) Silt Soil texture class
Warababomigna FL 13.95±0.26 41±0.24 31±0.06 28±0.32 CL

GL 12.06±0.14 33±0.07 40±0.02 27±0.14 CL
FaL 11.58±0.05 34±0.55 43±0.35 23±0.13 Clay

DaloKomto FL 12.91±0.41 39±0.52 34±0.12 27±0.72 CL
GL 9.94±0.06 30±0.08 48±0.62 22±0.16 Clay
FaL 14.71±0.23 32±0.02 47±0.03 21±0.09 Clay

SM = Soil Moisture, FL = Forest Land, GL = Grazing Land, FaL= Farming Land, CL= Clay loam
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cultivation, removal of crop residues and continuous use among the experimental data of the different land uses
of acid forming inorganic fertilizers on acid soils might recorded relatively higher percent organic carbon (OC)
have aggravated soil acidity (Table 1). Similarly, over content in the forest land both at Warababomigna
grazing might be responsible for leaching of basic (5±0.85) andDalo-Komto (4.25±0.35) sites and lower for
actionswhich may to acidity of the soil in grazing land. the forming land both at warababomigna (3.4±0.21) and
From the results of the present study soil pH (H O) of Dalo-Komto (3.0±0.014) site. The higher percent OC2

farming land at both sites (Warababomigna and Dalo content in the forest land and lower in the farming land,
Komto) and grazing land at Dalo Komtosites were respectively attributed to plant litter fall which abundantly
strongly acidic as per the rating suggested by [17]. returned to soil surface enhancing the fraction of percent
Factors such as climate (temperature, rainfall and soil organic matter in the forest land and presence of high
precipitation), seasonal variations of dry and rainy concentration of acid forming ions such as Fe and Alions
season, topography and morphological factors may also as well as domination of clay fraction lowers the OC in the
be responsible for the increment of soil acidity in the farming land of both sites. Hence, continuous cultivation
present study area. Basically from soil chemistry point of of native lands reduces soil organic matter by facilitating
view two parameters are very good indicators of extent of interaction of physical, chemical and biological soil
potential or reserve acidity of the soil thereby enhancing process that increases decomposition rate of soil organic
the activity of Al  and H  and reduces soil pH in the soil matters [19]. This reduction of soil organic matterwhich3+ +

solution [18]. Additionally, excessive disturbance of the was noticed in the farming land of warababomigna
soil due to cultivation caused high rate of organic matter andDaloKomto sites of the present study have resultedin
turn over and decomposition releases both organic and the deterioration of status of soil fertility of the farming
inorganic acids (H SO , HNO ) result in reduction of soil land and the loss of OC content in soil may also resulted2 4 3

pH. Inthisstudy the bulk density (BD) infarming lands of in the release of carbon dioxide concentration in the
both DaloKomto and Warababomigna sites werehigher atmosphere and hence increases the global temperature.
thanadjacent  soils of the natural forest and grazing Therefore, it is possible to conclude that,the conversion
lands. The lower and higher BDofthesoilsof forest and of forest lands to other human managed land uses like
farming lands may be attributed to the high SOM and less farming lands will aggravate global warming. As per the
disturbance of the land under forest land. Compaction of rating of nutrient suggested by [20] the soil organic matter
soil surface caused by intensive field traffic and of the present study sites can be categorized medium in all
deforestational so increases the soil BD in the farming of the three land use types of both sites.Across the
land. Basically, increasein SOM lowers BD while different land uses, the  distribution  of  TN  followed
compaction increases BD. Soil shaving low and high BD same pattern to soil OC distribution.  However,  it  was
respectively exhibitfavorable and poor soil physical relatively highest in the forest lands of both
conditions. Generally the BD of the soils in both sites and Warababomigna (0.43±0.07) and Dalo Komto (0.37±0.003)
different land uses were ranged from (1.06±0.06 to 1.21 and lowest in the farming lands of both sites which
±0.009) gcm . When comparisons are made among the respectively (0.3±0.001) and (0.26±0.01) Table1. As3

land use types, the percent moisture contents of the suggested  by [20] the TN in all the three land uses types
grazing land of the soil of DaloKomto site and farming of both sites of the present study can be rated as very
land of Warababomigna were lower than the remaining high.
land uses (Table 1 and Table 2). The variation in percent
soil moisture content among the experimental sites of Availability of Boron, Sulfur and Zinc Contents:
different land uses may be due to variation in the site Basically the availability of S in the soil are dominating
formation factors, weathering process and difference in relatively high in the soil pH range of 5-6.5 and relatively
their percent sand, silt and clay fractions Table 2. its deficiency is high in extremely acidic soil as which are

Results of the present study indicated that, the in contrary with the availability of zinc content.Results of
contents of soil OM were ranged from (5.10±0.04 to the present study showed that, the mean values of
6.00±0.22) in farming land (6.00 ±0.28 to 6.40±0.19) in available S measured using hot water extractable for the
grazing and (7.00±0.99 to 8.6 ±1.41) in forest land for both different land uses and at both sites varied from 3.92±0.04
locations (Table 1). Generally OM content of the soils in to 10.08±0.28 ppm (Table 1). However, the highest and
both sites and different land uses were ranged from lowest values of hot water extractable S were recorded in
5.10±0.04 to 8.6 ±1.41%. When comparisons are made soil of FL of Warababomigna site and lowest value was
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recorded in soils of farming lands of Dalokomto site. Additionally,the soils pH was varying from very strongly
According to the rating and critical value suggested by acidic at the farming land to strongly acidic soil reactions
[21]the study area had very low available S (3-20 ppm). in the remaining land uses. Hence, conversion of natural
According to [18] the deficiency of sulfur (S) in soils is forest lands into human-managed land uses (farming and
partly exacerbated by the fact that the Ethiopian grazing land) had more deleterious effects on the  status
agriculture mainly emphasizes on the use of high analysis of the selected soil properties (moisture content, BD, soil
NP fertilizers that contain little available S contents. texture, soil pH, OC, TN, available (B and S) contents in
Theavailability of DTPA extractable Zn in soil of the the soils. Thus, due attention shall be given to minimize
present study is high in soil wherethere is domination of acidity of the soils thereby increasing soil pH values,
high Al saturation. The Mean value of available Zn in the exchangeable soil basic nutrient and to reinstate
present study area varied from 0.61±0.11 to 0.89±0.13 mg intensively cultivated agricultural field by improving the
kg  (Table1). Basically, the soil with high organic matter soil properties through crop rotation, returning crop1

further decreased the extractable Zn in its soil. Hence in residues to the fields of the present study.
the present study forest land of both sites recorded low
DTPA extractable Zn than the remaining land use types. ACKNOWLEDGEMENTS
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