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Abstract 

Soil acidity, a significant form of chemical soil degradation, is one of the most pressing challenges in Ethiopia, particularly in the 

highlands. It severely impacts agricultural productivity across much of the country. Owing to its impact on crop production and 

productivity, it is a critical issue that requires immediate attention in most highlands in Ethiopia. This study was conducted at the 

Lalistu Cheri watershed, which is located in the Sibu Sire District of the western zone of the Oromia region, Ethiopia, with the 

objective of characterizing and assessing the soil acidity status under different land use types and soil depths. Replicated 

composite soil samples were collected from three representative land use types (cultivated, grazing, and eucalyptus plantation 

lands) and two soil depths (0-20 and 20-40 cm) by X-patterns along transects and analyzed via standard laboratory procedures. 

The results revealed spatial variation in the soil properties among the land use types and soil depths. The soils in both cultivated 

and eucalyptus plantation land were strongly acidic (pH<5.5), whereas those in grazing land were moderately acidic. The highest 

(54.89%) and lowest (43.73%) clay contents were recorded in the soils of cultivated and grazed lands, respectively, whereas the 

sand content was greater (36.11%) in the eucalyptus plantation land. The relatively highest bulk density (1.36 g cm-3) was 

recorded in the grazed land soils, followed by the cultivated land soils (1.32 g cm-3). Both the exchangeable acidity and aluminum 

content in all land use types decreased with increasing soil depth, which was consistent with their acid saturations. The organic 

carbon content ranged from 2.30% at the subsurface layer of the cultivated land to 3.44% at the surface layer of the grazing land 

soils, whereas the total nitrogen content ranged from 0.19% to 0.30%. Available P ranged from 7.31 mg kg-1 to 12.61 mg kg-1. 

The highest Ca, Mg, Na, and K contents (8.92, 5.76, 0.30, and 1.26 Cmol (+) kg-1, respectively) were recorded in the soils of the 

grazing land. The amount of PBS used ranged from 35.14% to 78.45%. The CEC and ECEC of the soils in the three land use 

types also increased consistently with increasing soil depth. Micronutrient concentrations decreased with soil depth. The Fe and 

Mn contents ranged from 0.54 and 4.42 mg kg-1 in the subsurface layer of the grazing land and eucalyptus plantations, 

respectively, to 10.58 and 12.14 mg kg-1 in the surface layer of the eucalyptus plantations and grazing land soils, respectively. Cu 

and Zn also ranged from 1.52 and 0.29 mg kg-1 to 3.16 and 0.85 mg kg-1, respectively. The study suggests that both CL and EPL 

soils exhibit the highest acidity and require soil management practices, such as lime application, to reduce acidity and improve 

soil fertility. On the other hand, GL soils show more favorable conditions for nutrient retention and pH. 
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1. Introduction 

1.1. Background and Justification 

Soil degradation is the main obstacle influencing the agri-

cultural systems of many developing countries. This is a 

major concern for Ethiopia, a growing country in the Horn of 

Africa. Soil acidity, a consequence of chemical soil degrada-

tion, is an issue that impacts soil productivity in Ethiopia [1, 

2]. Owing to its impact on crop production and productivity, it 

is a critical issue that requires immediate attention in most of 

Ethiopia's highlands [3] and is one of the primary issues that 

significantly hinder agricultural productivity [4]. These 

problems have complicated sustained agricultural output in 

nearly all of Ethiopia's producing areas. 

According to Ethio SIS [5], soil acidity affects approxi-

mately 43% of Ethiopian arable land, whereas strongly acidic 

soils (pH 4.1-5.5) account for approximately 28.1% of Ethi-

opian soils. Numerous studies have reported that lacks of 

certain nutrients, such as phosphorus, calcium, and magne-

sium, and the presence of compounds that cause Phytotoxicity, 

such as soluble aluminum and manganese, are the two main 

variables that restrict the fertility of acidic soils. Because of 

the possible toxicity of manganese and aluminum, as well as 

deficiencies in phosphorus, calcium, magnesium, and mo-

lybdenum, strongly acidic soils are usually unfavorable for 

cultivation [6, 4, 7]. 

Furthermore, soil acidity is one of the key factors impeding 

and limiting profitable and sustainable agricultural output in 

many parts of the world, including African nations such as 

Ethiopia. According to [8], it has a detrimental effect on nu-

tritional availability and results in Mn and Al toxicity. In 

addition to these factors, soil acidity can cause rapid deterio-

ration in the physicochemical characteristics of the soil, in-

cluding the soil organic carbon, cation exchange capacity, soil 

structure, porosity, and texture. A lower soil pH can lead to a 

greater net charge (lower CEC), which can cause soil fertility 

to decline and ultimately reduce land production. According 

to Agegnehu [4], this illustrates the degree to which soil 

acidity threatens agricultural productivity and hence reduces 

food security, particularly in the Ethiopian highlands, where 

the environment is conducive to acidification processes. 

Furthermore, agriculture is one of the most significant envi-

ronmental dangers to Ethiopian highlands, where agriculture 

is the primary source of income for most people [9]. Acidity in 

soil results from the replacement of basic elements by hy-

drogen ions in soil colloids, which include Ca, Mg, Na, and K. 

These bases can be removed by anthropogenically driven 

methods such as excessive usage of fertilizers based on am-

monium and continuous cropping without organic inputs or 

by natural processes such as leaching caused by rainfall [10, 

11]. 

The issue of soil acidity in Ethiopia is aggravated by ex-

cessive grazing, total clearance of crop leftovers from agri-

cultural fields, and heavy rainfall that washes organic matter 

and basic cations away through soil erosion and leaching. The 

studies have shown that heavy rainfall regions in Ethiopia's 

west, northwest, southwest, and south are particularly affected 

by acidity in the soil. This poses a serious risk to the nation's 

capacity to produce agricultural products in the future because 

it increases the toxicity of aluminum (Al3+) in soil solutions, 

which reduces crop performance and the availability of vital 

plant nutrients [12]. 

1.2. Statement of the Problems 

The degree of soil acidity and rates of acidification are of 

concern in the East Wollega Zone. Despite the fact that soil 

acidity has been highlighted as an issue that requires im-

mediate attention in the western portion of Ethiopia, infor-

mation on the influence of land use type and management 

techniques on soil fertility parameters throughout the nation, 

particularly the East Wollega Zone, is scarce. The state and 

scope of the problem at that specific location have not been 

recognized or quantified. As a result of this information gap, 

farmers must rely on one or two relatively acid-tolerant 

crops to survive, and the problem persists. Most grain 

productivity is low, and yield decline is common. The low 

production of crops in that area exposes farmers to food 

scarcity and indebtedness with credit as well as seasonal 

work. The causes of yield decreases due to soil acidity, as 

well as management approaches that help to overcome 

and/or worsen acidity problems are not precisely character-

ized and explained. Farmers and development agents were 

unaware of the presence of acidic soil in the area until re-

cently because there are no evident symptoms on the crop 

other than a decrease in yield. Furthermore, no one knows 

which types of land use are most acidic. Similarly, the cor-

relations between soil acidity and other variables, including 

texture, exchangeable acidity, acid saturation, pH, ex-

changeable bases, CEC, available P, available K, total N, 

and organic matter, have not been studied or measured. 

Changes in land use and soil management can significantly 

affect soil fertility. For instance, the conversion of natural 
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ecosystems to agricultural land typically leads to physical, 

chemical, and biological degradation of soils [13]. Research 

conducted in various regions of Ethiopia has shown that 

prolonged intensive agriculture without proper fertilization 

has resulted in a decline in soil nutrient levels [14]. 

Additionally, Achalu [15] reported that deforestation and 

cultivation of virgin tropical soils frequently result in the loss 

of N, P, S, and other plant nutrients, which increases the 

acidity of the soil by causing toxicity from (Al), (Fe), and 

(Mn). The consequences of land use changes and associated 

soil management methods on soil quality have recently at-

tracted increasing attention because of their ecological and 

socioeconomic implications. As a result, prompt identifica-

tion of land use change and its possible impact on soil quality 

metrics is a necessary precursor for any restorative action, 

effective land use planning, and resource management [16]. 

In this context, a detailed understanding of soil acidity is 

needed to adopt sustainable land management approaches to 

protect soil fertility and increase acidic soil production. A 

greater understanding of soil acidity may assist farmers by 

increasing output, as well as rural land use planners and pol-

icymakers, by developing more effective land management 

plans that may be implemented by neighboring farmers and 

other agro ecological zones across the country. This study 

seeks to fill a knowledge gap concerning soil acidity problems 

in the study area by characterizing and assessing the acidity 

status of soils under different land use types and soil depths. 

Although various studies have been carried out on the influ-

ence of land use type on soil physical and chemical properties, 

these studies are still incomplete in western Ethiopia, espe-

cially in the Sibu Sire district. Therefore, this study aimed to 

characterize and assess soil acidity status under different land 

use types and soil depths in the Lalistu Cheri watershed, 

eastern Wollega, Ethiopia. 

1.3. Significance of the Study 

This project provided firsthand information on the impacts 

of land use and soil depth on soil acidification, as soil acidity 

concerns in the East Wollega Zone have received little atten-

tion thus far. These findings will be critical in assisting the 

government in developing appropriate rules for soil acidity 

amendments in the area, as the study addresses the charac-

terization and status of acidity in soils under different land use 

types and soil depths. 

The findings are beneficial to agricultural research insti-

tutes, extension agents, and interested parties such as devel-

opment agencies and lime industry agencies working to initi-

ate soil acidity amendments for sustainable land use and soil 

productivity in the area. They also found value in the out-

comes. Overall, the research benefited soil productivity and 

sustainable land use in the area. In general, research has raised 

public awareness of the area’s diverse land use types related to 

soil acidity and quick response. 

1.4. Objectives 

1.4.1. General Objective 

To characterize and assess status of the acidity of soils 

under different land use types and soil depths in the study 

area. 

1.4.2. Specific Objectives: The Specific Objectives of 

the Study Were to 

1) assess the acidity status of soil under different land use 

types and soil depths in the study area. 

2) characterizes the selected physicochemical properties 

of acidic soil under different land use types and soil 

depths 

2. Materials and Methods 

2.1. Description of the Study Area 

2.1.1. Location 

The study was conducted in the Lalistu Cheri watershed in 

the Sibu Sire district, east-Wollega zone of the Oromia re-

gional state, western Ethiopia. It is approximately 281 kilo-

meters from the country's capital, Addis Ababa. Nekemte, the 

administrative town in the East Wollega Zone, is 50 kilome-

ters long. Geographically, the watershed is situated between 

9°1'8.28" and 9°3'2.84 latitude and 36°48'37.82 and 

36°49'28.86 E longitude, at an altitude of 1510--1810 m above 

sea level (Figure 1). 

 

Figure 1. Location map of the study area. 

2.1.2. Climate 

The study district covers 1,048.56 square kilometers in total 

(104,845.6 hectares), approximately 74.2% of its surface area 

has a midaltitude agro climate, 18.27% has a lowland agro 

climate, and the remaining 7.53% of the land has a highland 
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agro climate [17]. The Ethiopian Meteorological Institute's 

ten-year meteorological statistics (2011-2022) reveal an av-

erage annual rainfall of 1420.7 mm, with a unimodal rainfall 

pattern, and annual mean minimum and maximum monthly 

temperatures ranging from 14.4 to 28.21 °C. The coldest 

month is December, while the warmest months are February 

and March (Figure 2). The rainy season runs from May to 

September. July had the greatest average annual rainfall. 

According to the climatic categorization defined in the agro 

ecological zones of Ethiopia (MoA, 2000), the Lalistu Cheri 

watershed is part of the Weyna Dega agro ecological Zone 

[18]. 

 
Figure 2. Mean monthly rainfall (mm) and mean monthly temperature (0°C) of the study area from 2011--2022. Source: Ethiopian Meteor-

ological Institute (2024). 

2.1.3. Farming System and Land Use Types 

Agriculture is the primary source of income for district 

residents. A mixed agricultural method dominates agriculture 

in the district. Crop production was the most important, fol-

lowed by livestock production. Maize (Zea mays L.) accounts 

for 25.6% of cultivated land, followed by tef (Eragrostis tef) 

(20.5% of cultivated land), sorghum (Sorghum bicolor L.) 

(16.5% of cultivated land), 'Nuog' (13% of cultivated land), 

and finger millet (12.3% of cultivated land). Minor crops, 

such as vegetables; roots, such as hot pepper (Capsicum fru-

tescence L.), sweet potato (Ipomoea batatas L.), and tubers; 

and perennial crops, such as coffee (Coffee arabica L.) and 

sugarcane (Saccharum officinarum L.), cover the remaining 

percentage of cultivable land [19]. The dominant land use and 

land cover in the study district area include cultivated land, 

which accounts for approximately 70%; dense woodland, 

which also includes dominant tree species such as Eucalyptus 

and Juniper trees (20.8%); savannah grassland (3.5%); natural 

forest cover (0.7%); and settlements (5.18%). Farmsteads are 

spread across the agricultural region and are connected by 

trails or a few mud routes that are inaccessible during the 

rainy season [20]. 

2.1.4. Soil Types and Topography 

The parent materials of the research area are dominated by 

granite, with minor indications of basaltic rocks. Dystric 

Nitisol and Orthic Acrisol are the most common soil types in 

the research region, according to the FAO (2006). The eleva-

tion of the research area ranged from 1,240 to 3,140 m above 

sea level [21]. 

2.1.5. Demographic Characteristics 

This district has a total population of 102,228 according to 

the 2007 national census, with 50,717 men and 51,511 women. 

Of these, 10,243, or 10.02%, were urban inhabitants, while 

the bulk of people lived in rural regions where they were 

directly supported by agriculture and related activities [18]. 

2.2. Methodology 

Research Design and Soil Sampling 

First, a basic visual field survey was conducted during the 

off-season in January 2024 to acquire a comprehensive grasp 

of the variances in the study area; a physical observation was 

made to identify the major land use types. After the major land 

use types were identified, professional judgment and consul-

tation with experts were employed to choose representative 

sampling points of interest. Accordingly, three representative 

sampling sites for each land use type—cultivated land (CL), 

grazing land (GL), and eucalyptus plantation land 

(EPL)—were selected via a simple random sampling method. 
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The soil sampling points were geo-referenced via the GPS 

Garmin 60 (GPS) to obtain spatial information (latitude and 

longitude) as well as the altitudes of the sampling locations for 

each step. The watershed was chosen on the basis of the fol-

lowing criteria: (1) a high incidence of soil acidity issues, as 

determined by data from local farmers and the district's ag-

ricultural office, combined with field experts who have suf-

ficient understanding of the area's agricultural activities and 

productivity constraints; (2) similar climatic conditions were 

used to minimize agro ecological influence. On the basis of 

the traditional agro ecology categorization system, the wa-

tershed was located in the Woina-Dega climate zone. Con-

sequently, the Lalistu Cheri watershed in the Sibu Sire district 

was deliberately selected for this study since it is one of the 

districts where soil acidity issues have mostly arisen and have 

been documented by SSAO (2024) [18]. The land-use history 

of this specific area was explored through physical field ob-

servations and conversations with people and agricultural 

professionals. 

Composite soil samples were collected from two soil 

depths (0-20 cm and 20-40 cm) from each land use type in the 

replications. Plots 20 m × 20 m (400 m²) in size were built. 

Subsamples of soil were collected via X-pattern from the four 

corners and center of the square plots per the EthioSIS sam-

pling instructions (EthioSIS, 2013) [22]. Accordingly, repli-

cate composite samples from three land use types and two soil 

depths were prepared for analysis. Additionally, a core ring 

sampler with a specified volume was used to collect undis-

turbed soil samples from the pits at the two depths near the 

sampling plot center, and a core sampler was used to deter-

mine the bulk density (Db). No soil samples were taken from 

prohibited locations, which include regions where animal 

dung has accumulated, areas where animal dung has recently 

fertilized and poorly drained, or any other location where 

representative soil samples cannot be obtained. 

The site description sheet for every plot contained the fol-

lowing information during soil sampling: topography, crop 

type, land use type, sample depth, soil color, and fertilizer 

application history. The soil samples were thoroughly com-

bined, divided into quarters, and weighed down to one kilo-

gram. They were then sealed in plastic bags with tags that 

appropriately identified the land use type, soil depth, elevation, 

location, site number, field history, sampling date, and sample 

code. Dead plants, ditches, aged manures, damp patches, tree 

neighborhoods, and compost pits were not included in the 

sample collection process. This was done in an effort to re-

duce any variations that could result from other causes, such 

as the dilution of soil organic matter caused by farming. Fi-

nally, the composite soil samples were delivered to the la-

boratory of the Nekemte Soil Research Centre for examina-

tion of their physicochemical property characteristics. The 

collected soil samples from each land use type were air-dried, 

ground, and passed through a 0.5 mm sieve for OM and total 

nitrogen and a 2 mm sieve for other physical and chemical 

properties of the soil for physicochemical analysis. The 

Nekemte Soil Research Center conducted the majority of the 

soil studies. Potassium (K) and sodium (Na) analyses were 

conducted at the Batu Soil Research Center. All laboratory 

tests were carried out following the general standard labora-

tory soil analysis protocols outlined in the Ethiopian Agri-

cultural Research Institute laboratory handbook issued by 

Sahlemedhin and Taye (2000) for the National Soil Research 

Center [23]. 

2.3. Laboratory Analysis 

2.3.1. Analysis of Soil Physical Properties 

Soil texture was analyzed using the Bouyoucos hydrometer 

method (ASTM No. 152, 1962) [24]. After measuring the 

relative percentages of sand, silt, and clay, the USDA soil 

textural triangle was used to classify the soil into specific 

textural classes. Using undisturbed soil samples collected 

with a core sampler and dried in an oven at 105 °C per Gupta's 

(2000) instructions, the bulk density of the soil was deter-

mined [25]. Using bulk density (BD) and particle density (PD) 

measurements, the total porosity of the soil samples was 

calculated (assuming that the average particle density of the 

mineral soil was 2.65 g cm-3). The total porosity (TP) was 

subsequently computed as the overall porosity (%), as shown 

in equation (1). 

Total porosity (%) = (1 −
BD

PD
) ∗ 100     (1) 

2.3.2. Analysis of Soil Chemical Properties 

The soil pH (soil: H2O ratio) in the 1:2.5 supernatant sus-

pensions was determined potentiometrically via a digital pH 

meter (Rowell, 1994) [26]. The method outlined by McLean 

(1965) [27] was followed to measure the exchangeable acidity 

(Al and H) of a neutral 1 M KCl-extracted solution by titrating 

with a standard and a 0.02 N NaOH solution as a titrant. A 

standard solution of 0.02 M HCl was used to titrate and 

evaluate exchangeable Al in the soil from the same extract. 

The soil organic carbon content was determined using the 

Walkley and Black (1934) wet digestion methods, in which 

the carbon was oxidized under standard conditions with po-

tassium dichromate (K2Cr2O7) in a sulfuric acid solution [28]. 

The total nitrogen content was determined using the Kjeldahl 

method (Jackson, 1973) [29]. The Av. P was determined after 

the soil had been treated with stannous chloride, ammonium 

molybdate, and sulfuric acid (Olsen et al., 1954) [30]. In 

accordance with Baruah and Barthakur (1997) [31], the am-

monium acetate extraction method (1 N NH4OAc at pH 7) 

was used to determine the cation exchange capacity (CEC). 

The same ammonium acetate extract was used to determine 

exchangeable cations, such as Na, Ca, K, and Mg, using flame 

photometry and atomic absorption spectrophotometer 

(AAS).The diethylenetriamine penta-acetic acid (DTPA) 

method was used to extract the extractable micronutrients (Fe, 

Mn, Cu, and Zn). The readings obtained from this approach 
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were quantified via AAS by comparing them to standards at 

wavelengths of 248.3, 279.5, 324.7, and 213.9 nm for Fe, Mn, 

Cu, and Zn, respectively [32]. The sum of base-forming cat-

ions (Ca2+, Mg2+, Na+, and K+) divided by the soil CEC and 

multiplied by 100 is the formula for percent base saturation 

(PBS) [33]. The exchangeable bases and exchangeable acidity 

used together provided the effective CEC. Al+3 and H+, the 

charge equivalents of the acid-forming cations, are added 

together, and the ECEC of the soil is divided and multiplied 

by 100 to determine the percent acid saturation (PAS). 

2.3.3. Sources and Types of Data 

The primary data sources were soil data taken in the la-

boratory, and the secondary data sources were collected from 

published and unpublished documents, books and govern-

mental reports. 

2.3.4. Data Analysis and Statistical Procedures 

Descriptive statistics were employed to analyze the soil 

properties across all land uses and soil depths. Simple corre-

lation analysis was performed via the Statistical Analysis 

System (SAS) version 9.4 (SAS, 2004) [34] to determine the 

magnitudes and directions of relationships between various 

physicochemical parameters within and among land use sys-

tems. 

3. Results and Discussions 

3.1. Characterization of Acidic Soil Under 

Different Land Use Types and Soil Depths 

in the Study Area 

3.1.1. Soil Particle Size Distribution 

Changes in land use and management practices signifi-

cantly influence the morphological, physical, and chemical 

characteristics of soil, directly affecting agricultural produc-

tivity. Soil quality indicators, such as texture fractions—sand, 

silt, and clay—vary notably across land use types and soil 

depths (Table 1). Laboratory analyses revealed that sand and 

silt contents consistently decreased with increasing depth, 

while clay content increased. 

Cultivated land soils exhibited the highest mean clay con-

tent (54.89%), followed by eucalyptus plantation soils 

(51.78%). The highest mean silt content (21.78%) was ob-

served in the surface layers of cultivated land soils, while 

grazing land soils had the lowest clay (43.78%) and sand 

(24.33%) contents in the surface layer (0-20 cm). Conversely, 

cultivated land soils had the lowest sand content in the sub-

surface layer (20-40 cm). Eucalyptus plantation soils showed 

the highest mean sand content (36.11%) and the lowest silt 

content (16.56%) in both surface and subsurface layers. 

The subsurface layer (20-40 cm) generally contained more 

clay, while the surface layer (0-20 cm) had higher sand and 

silt levels, indicating the downward migration of clay parti-

cles. The relatively higher sand content in surface soils may 

be attributed to selective erosion or particle movement. Larger 

sand and silt particles tend to remain on the surface due to 

their resistance to transport by wind or water. These processes, 

including weathering and eluviations, play a significant role 

in shaping soil texture over time. 

Table 1 highlights that cultivated land soils had the highest 

clay and silt contents, while eucalyptus plantations exhibited 

the lowest silt content. The increased clay content in culti-

vated land's subsurface layers suggests long-term farming 

practices, including soil mixing and weathering has caused 

clay translocation from the surface to lower depths. These 

findings align with studies by Gebrelibanos and Assen; 

Chemada et al. [35, 36], which noted higher clay concentra-

tions in the subsurface layers of cultivated land compared to 

surface layers. Similarly, Kebebew et al. [37] associated these 

patterns with prolonged agricultural activities. 

Soil texture differences across land uses reflect the impacts 

of specific management practices, such as erosion and tillage, 

which influence particle size distribution, especially in sur-

face soils. Human activities have accelerated these changes, 

emphasizing the significant role of land management in soil 

texture variation. 

According to Hazelton and Murphy’s (2007) classification 

[38], the soils in this study were characterized by high clay 

content, moderate sand, and low silt levels. Both surface (0-20 

cm) and subsurface (20-40 cm) soils were classified as clay 

using the USDA (1999) textural triangle [39], with no sub-

stantial differences observed across land use types or depths 

(Table 1). 

Table 1. Mean of selected soil physical properties of the study area under different land use types and soil depths. 

LandUse CultivatedLand EucalyptusPlantationland GrazingLand 

Parameters 
SD 

(cm) 
Range 

Mean 

(±SEM) 
SDV Range 

Mean 

(±SEM) 
SDV. Range 

Mean 

(±SEM) 
SDV. 

Sand% 
0-20 27-41 31.56±1.64 4.93 27-43 36.11±1.96 5.93 31-43 35.67±1.49 4.47 

20-40 17-29 24.33±1.25 3.74 25-37 31.67±1.25 3.74 29-37 32.33±1.00 3.00 
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LandUse CultivatedLand EucalyptusPlantationland GrazingLand 

Parameters 
SD 

(cm) 
Range 

Mean 

(±SEM) 
SDV Range 

Mean 

(±SEM) 
SDV. Range 

Mean 

(±SEM) 
SDV. 

Silt% 
0-20 19-23 21.77±0.46 1.39 15-25 20.11±1.06 3.18 15-23 20.55±0.87 2.60 

20-40 19-23 20.78±0.52 1.56 15-21 16.56±0.80 2.40 15-21 18.11±0.59 1.76 

Clay% 0-20 38-52 46.67±1.70 5.10 34-54 43.78±2.61 7.84 38-54 43.78±2.01 6.04 

 20-40 52-60 54.89±0.89 2.67 48-58 51.77±1.18 3.53 44-54 49.56±1.19 3.57 

STC 
0-20  Clay   Clay   Clay  

20-40  Clay   Clay   Clay  

BDgml-3 
0-20 1.19-1.29 1.26±0.01 0.03 1.09-1.19 1.15±0.01 0.03 1.26-1.32 1.29±0.01 0.02 

20-40 1.25-1.39 1.32±0.01 0.04 1.15-1.29 1.24±0.02 0.06 1.25-1.40 1.36±0.01 0.03 

Tp% 
0-20 51.32-55.09 52.58±0.42 1.25 55.09-58.87 56.65±0.37 1.11 50.09-52.45 51.15±0.30 0.89 

20-40 47.55-52.83 50.10±0.56 1.68 51.32-56.6 53.25±0.73 2.19 47.17-50.57 48.68±0.32 0.96 

BD = Bulk Density; TP = Total porosity; STC; Soil Textural Class, SDV; Standard Deviation, SEM; Standard Error Mean, S.D: soil Depths 

3.1.2. Soil Bulk Density and Total Porosity 

Bulk density (BD) is an essential physical property for as-

sessing soil fertility, varying across land use types and soil 

depths (Table 1). BD increased consistently with depth in all 

land uses, with the highest values observed in grazing land 

(GL) due to livestock trampling. Cultivated land (CL) showed 

intermediate BD values, influenced by soil compaction from 

tillage and continuous cultivation, while eucalyptus plantation 

land (EPL) had the lowest BD, attributed to plant litter ac-

cumulation and minimal trampling. These findings align with 

studies by Muche et al. [40] and Jemal and Tesfaye [41], who 

reported similar trends in GL and EPL soils, respectively. 

The increase in BD with depth (Table 1) can be explained 

by soil compaction from overlying layers [42], changes in soil 

texture and structure [43], and reduced organic matter and 

vegetation in deeper layers [44]. Wakene [45] and Price et al. 

[46] also found lower BD in surface layers compared to 

subsurface layers, reflecting the influence of organic matter 

and root activity near the surface. Lower BD in EPL soils 

likely results from higher organic content and root activity, 

which promote soil porosity and aggregation. In contrast, 

higher BD in CL’s subsurface may be linked to prolong tillage 

and limited crop rotation, which compact the soil over time. 

Hazelton and Murphy [38] classified BD in the study area 

as low to moderate, suggesting minimal risk of compaction 

hindering root growth or water flow (Table 1). Similarly, 

Gupta [47] identified BD values between 1.1 and 1.4 g/cm³ as 

ideal for mineral soils, supporting effective aeration, water 

movement, and microbial activity—favorable conditions for 

plant growth. 

Total porosity showed an inverse relationship with BD, 

decreasing as BD increased with soil depth (Table 1). Surface 

soils in EPL had the highest porosity (56.65%), while GL’s 

subsurface soils exhibited the lowest porosity (48.68%). The 

greater porosity in EPL soils may be attributed to plant litter 

accumulation and the absence of trampling, which maintain 

space between soil particles, as also observed by Jemal and 

Tesfaye [41]. Subsurface soils, being more compacted and 

containing less organic matter, exhibited reduced pore spaces. 

The interplay between BD and porosity across land uses 

highlights favorable conditions for root growth and water 

movement in surface soils, where lower BD and higher po-

rosity create looser, more aerated layers. According to Landon 

[48], ideal porosity levels are 40% for sandy soils and 50% for 

clay soils to support soil life. The study area meets these 

benchmarks, minimizing risks of water logging and surface 

runoff while maintaining conditions conducive to agricultural 

productivity. 

3.2. Soil Chemical Properties 

The following sections offer an overview of soil acidity 

under various land use types and soil depths. They cover key 

aspects such as soil pH, exchangeable acidity, acid saturation, 

and the levels of exchangeable base cations. Additionally, the 

status of major soil fertility parameters and micronutrients is 

discussed, along with their relationships to soil acidity. 

3.2.1. Soil Reaction (pH) 

Soil pH is a crucial indicator of acidity and plays a signif-

icant role in nutrient availability for plants and soil organisms. 

While natural factors such as plant type, rainfall, and parent 

material influence soil pH, human activities, including culti-

vation, can lead to soil acidification. Topsoil pH tends to 

decrease due to the accumulation of organic acids from plant 
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roots, the use of acid-forming fertilizers, crop removal, and 

the replacement of cations by hydrogen ions. 

Soil pH generally increases with depth across various land 

uses. Grazing land (GL) soils exhibit the highest pH, followed 

by eucalyptus plantation land (EPL) and cultivated land (CL) 

soils. This pattern suggests the downward movement of basic 

cations, which is supported by data in Tables 2 and 4. Erosion 

could also contribute by washing away basic cations from 

upper layers. Among the land uses, GL soils have the highest 

average pH in the subsurface (5.74), while CL soils exhibit the 

lowest surface pH (5.14), followed by EPL soils with a sur-

face pH of 5.27. 

The lower pH in CL soils is likely due to the loss of basic 

cations from crop removal and intensive tillage, which ac-

celerates nutrient leaching. The use of ammonium fertilizers 

and reduced organic matter from erosion further lowers pH in 

cultivated soils. These findings are consistent with studies by 

Gebrekidan and Negassa [49] and Yimer et al. [50], which 

reported that cultivated lands tend to have more acidic soils 

compared to uncultivated ones. Ongoing crop removal, ero-

sion, and acidifying fertilizers all contribute to this trend, 

alongside microbial oxidation and the release of organic acids 

from decomposing plant material. 

Low soil pH also impacts the charge of soil colloids, lim-

iting the soil’s cation exchange capacity (CEC) and its ability 

to retain nutrients. In EPL soils, acidity may be influenced by 

the uptake of basic cations by eucalyptus trees, combined with 

slow nutrient return and canopy effects that promote leaching. 

Eucalyptus species release acidic compounds, such as benzoic 

and cinnamic acids, which further lower soil pH and can 

inhibit some crop growth [51]. 

In areas with deeper-rooted vegetation or high rainfall, in-

creased soil acidity is often observed due to the leaching of 

basic cations, especially from surface soils [52]. This trend is 

evident in the Lalistu Cheri watershed, where soil pH in-

creases with depth. Studies by Wakene [45] and Habtamu et 

al. [53] also report higher pH in subsurface layers, linking this 

pattern to the accumulation of base cations from leaching and 

slower weathering rates at greater depths [54]. 

Alkalinity increases with base cation concentration, 

while acidity, associated with aluminum and hydrogen ions, 

lowers pH. This explains the lower pH in CL and EPL soils, 

where higher exchangeable acidity is present. According to 

Tekalign [55], Lalistu Cheri soils range from strongly 

acidic (4.5-5.2) in the surface layers of CL and EPL soils to 

moderately acidic (5.3-5.9) in the subsurface layers and 

both layers of GL soils (Table 3). The region’s high rainfall 

likely exacerbates this effect by leaching basic cations and 

concentrating H+ and Al³⁺ ions, as noted by Tegenu et al. 

[56]. 

3.2.2. Exchangeable Acidity and Aluminum and 

Percent Acid Saturation 

High rainfall can accelerate erosion, leading to the leaching 

of basic cations and resulting in soil acidity. This acidity 

disrupts nutrient conversion and reduces the availability of 

essential nutrients for plants. Differences in exchangeable 

acidity across land uses suggest that land management sig-

nificantly affects levels of exchangeable aluminum (Al) and 

hydrogen (H) ions, which comprise soil exchangeable acidity. 

In the surface layer (0-20 cm), eucalyptus plantation lands 

(EPL) showed the highest exchangeable acidity (4.14 cmol (+) 

kg-1), followed by cultivated land (CL) (3.04 cmol (+) kg-1), 

while the subsurface layer (20-40 cm) of grazing land (GL) 

had the lowest (0.70 cmol (+) kg-1). Acid saturation percent-

ages mirrored these trends, with the highest observed in EPL 

and the lowest in GL, indicating that soil pH and exchangea-

ble acidity vary across land uses. The relatively low pH in 

EPL and CL (under 5.5) promotes exchangeable Al³⁺, which 

becomes dominant at these sites. 

EPL soils had notably high exchangeable Al values, with 

the highest measured in the surface layer. This aligns with 

findings by Temesgen et al. (2014), Kebebew et al. (2022), 

and Aliyu et al. (2023) [57, 37, 58], who observed that euca-

lyptus plantations exhibit elevated exchangeable acidity. 

Despite higher acidity, eucalyptus trees remain unaffected due 

to their deep-root systems, which allow them to access 

leached nutrients in the subsoil, making them resilient in 

acidic conditions.GL has lower exchangeable acidity than CL, 

likely due to its higher organic matter and absence of fertilizer 

application. By contrast, CL surface soils exhibit higher ex-

changeable acidity because of continuous cultivation and 

fertilizer use, particularly with diammonium phosphate and 

urea. Other studies [59, 60] corroborate these findings, linking 

high exchangeable acidity in cultivated soils to intensive 

farming and chemical inputs. The elevated acidity in CL 

highlights the impact of intensive farming and crop uptake of 

basic cations, while GL benefits from more stable soil quality. 

High exchangeable Al³⁺ and acid saturation in CL soils are 

partly due to tillage and crop uptake of Ca²⁺, which leads to 

further leaching and mixing of soil to lower depths. Similar 

outcomes are documented by Gebreyesus (2016) [61], attrib-

uting these conditions to chemical fertilizers and intensive 

agricultural practices that increase soil acidity and acid satu-

ration. 

The relatively low exchangeable acidity and acid saturation 

in GL can be attributed to its higher pH and organic matter, 

which may complex with Al. In weathered soils, organic 

carbon and nitrogen contents are generally lower, while ex-

changeable Al and acidity levels are higher [62]. However, 

GL retains some acidity due to basic cation uptake by pasture 

species like grasses and legumes, which may contribute to soil 

acidity. Limited biomass return from these species further 

reduces nutrient recycling, and erosion exacerbates this effect. 

Across all land uses, the subsurface soils (20-40 cm) had 

lower exchangeable acidity and acid saturation percentages 

than the surface soils (0-20 cm).The observed decrease in 

exchangeable acidity from surface to subsurface layers is 

likely due to solute movement, which leads to base cation 

accumulation at greater depths. This aligns with studies by 
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Mohammed et al. (2005), Getachew and Tilahun (2017), and 

Tolesa et al. (2022) [63, 64, 65], which also report a decline in 

exchangeable acidity with depth due to increasing basic cat-

ions along the soil profile. Exchangeable acidity, comprising 

weak organic acid ions and compounds like Al(OH)²⁺ and 

Al(OH)2
+, remains at the soil’s colloidal surfaces and is 

closely related to soil pH [66, 67]. Accordingly, EPL and CL 

soils show strong acidity. According to soil acidity manage-

ment guidelines by the Ministry of Agriculture and Rural 

Development (2007) [68], acid saturation in cultivated soils 

often exceeds the tolerance limits for local crops, such as 

cabbage, carrots, tomatoes (1%), onions, field beans (5%), 

wheat, barley (10%), and maize, potatoes, and teff (20-40%), 

underscoring the challenges of soil acidity for crop produc-

tivity in the area. 

Table 2. The mean values of pH, Ex. Acidity, Ex. Al+3 and PAS% soil as influenced by land use type and soil depth in the study area 

Landuse CultivatedLand EucalyptusPlantationLand Grazingland  

Parameters 
S.D 

(cm) 
Range Mean±SEM SDV Range Mean±SEM SDV Range Mean±SEM SDV 

pH(H2O) 
0-20 4.96-5.36 5.14±0.05 0.14 4.98-5.43 5.27±0.04 0.13 5.39-5.74 5.58±0.04 0.12 

20-40 5.14-5.61 5.47±0.05 0.14 5.19-5.59 5.48±0.04 0.13 5.54-5.91 5.74±0.05 0.14 

Ex.Acidity 
0-20 2.43-3.47 3.04±0.12 0.36 3.51-5.39 4.14±0.19 0.58 0.43-1.52 0.95±0.14 0.42 

20-40 1.09-3.18 2.25±0.23 0.68 1.83-3.58 2.73±0.20 0.60 0.32-1.21 0.70±0.12 0.35 

Ex.Al 
0-20 0.69-3.24 1.93±0.28 0.83 2.63-5.22 3.64±0.28 0.83 0.14-1.16 0.69±0.13 0.38 

20-40 0.81-2.78 1.76±0.25 0.74 1.62-3.41 2.23±0.20 0.61 0.08-0.96 0.49±0.11 0.34 

PAS% 
0-20 19.27-48.46 32.39±2.97 8.94 24.31-49.89 41.46±2.62 7.87 2.98-11.64 6.26±0.97 2.92 

20-40 10.28-27.18 18.98±1.98 5.93 13.64-26.08 20.49±1.54 4.61 2.13-7.33 4.10±0.66 1.97 

Ex. Al; Exchangeable Alumunium, PAS; Percent Acid Saturation, SDV; Standard Deviation, SEM; Standard Error of Mean, S.D: soil Depts. 

3.2.3. Soil Organic Carbon 

Organic carbon (OC) levels, a key indicator of soil health, 

vary across land use types and decrease with soil depth, as 

shown in Table 3. Among the land uses, grazing land (GL) 

had the highest mean OC content in the surface layer (3.44%), 

followed by eucalyptus plantation lands (EPL) with 3.00%. 

Cultivated land (CL) had the lowest mean OC content in the 

subsurface layer (20-40 cm) at 2.30%. Across all land uses, 

OC content was consistently higher in the surface layer, with 

GL > EPL > CL. The relatively low soil organic carbon (SOC) 

in CL (2.30%) likely results from continuous cultivation, crop 

residue removal, limited organic inputs, and increased oxida-

tion due to tillage [69]. This highlights the impact of intensive 

agriculture on reducing soil organic carbon. 

In CL, crop residue removal and insufficient organic inputs 

fail to offset SOC losses. Frequent tillage, limited organic 

inputs, and full removal of residues further reduce organic 

matter. In contrast, the minimal soil disturbance in GL and 

EPL contributes to higher OC content. GL’s surface soils 

contain more OC than EPL, possibly due to the grass roots 

that enrich GL soils with organic matter. Studies by Urioste et 

al. [70] support this, linking grass roots and fungal hyphae in 

grasslands to higher organic content. These findings are con-

sistent with studies in the Kabe watershed, Ethiopia, by 

Assefa et al. [71] and in the Shihatig watershed, Northwest 

Ethiopia, by Asmare et al. [72], which also found higher SOC 

in GL compared to EPL and CL. Similarly, Malo et al. [54] 

reported lower organic carbon in CL soils than in EPL and GL. 

In Ethiopia, cultivated soils typically have low organic matter 

due to inadequate organic material application, complete 

biomass removal, deforestation, and intensive cultivation [73, 

74], all of which accelerate organic carbon loss. 

The downward decline of SOC within the soil profile can 

be explained by the higher rate of surface decomposition of 

plant litter, leaving less organic matter at greater depths. 

Studies by Chibsa and Ta’a [76], Takele et al. [75], Bufebo 

and Elias [77], Assefa et al. [71], Tolesa et al. [65], and As-

mare et al. [72] show that the accumulation of plant and an-

imal residues at the surface contributes to higher SOC levels 

in surface layers, supporting a diverse range of soil organisms. 

Soil organic matter, primarily composed of carbon, hydrogen, 

oxygen, nitrogen, and minor sulfur, serves as an indicator of 

soil health and responds sensitively to land-use changes [78, 

79]. Therefore, the higher OC in GL indicates a substantial 

reservoir of essential nutrients, including nitrogen, phospho-

rus, and sulfur, compared to CL and EPL. 

According to Tekalign’s [55] rating, surface layer OC 
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content in CL and EPL ranged from medium (2.30-3.00%), 

while GL ranged from medium to high (2.85-3.44%) in its 

subsurface and surface layers, respectively (Table 3). This 

suggests that GL soils, particularly in the surface layer, con-

tain sufficient organic carbon to support soil health and nu-

trient availability. 

Table 3. Mean values of soil organic carbon, total N, the C:N ratio and available P as influenced by land use type and soil depth in the study 

area 

Landuse CultivatedLand EucalyptusPlantationLand Grazingland 

Parameters 

(cmol(+)kg-1) 

S.D 

(cm) 
Range 

Mean±SE

M 
SDV Range 

Mean±SE

M 

SD

V 
Range 

Mean±SE

M 
SDV 

SOC (%) 
0-20 2.24-3.06 2.66±0.10 0.29 2.50-3.53 3.00±0.12 0.37 3.05-3.9 3.44±0.08 0.25 

20-40 2.02-2.68 2.30±0.07 0.22 2.20-2.85 2.45±0.08 0.23 2.59-3.32 2.85±0.08 0.23 

TN (%) 
0-20 0.21-0.28 0.25±0.009 0.03 0.24-0.32 0.28±0.010 0.03 0.26-0.34 0.30±0.008 0.02 

20-40 0.16-0.22 0.19±0.007 0.02 0.18-0.24 0.20±0.007 0.02 0.22-0.29 0.25±0.007 0.02 

C:Nratio 
0-20 10.39-10.93 10.67±0.05 0.14 10.42-11.03 10.77±0.07 0.21 11.47-11.79 11.63±0.03 0.10 

20-40 11.9-13.31 12.42±0.14 0.42 11.88-12.28 12.14±0.05 0.15 11.38-11.77 11.55±0.05 0.14 

AP(ppm) 

0-20 7.48-13.43 8.69±0.62 1.87 7.42-10.7 8.51±0.33 0.99 7.78-23.4 12.61±1.61 4.82 

20-40 6.69-8.87 7.45±0.23 0.69 6.02-8.33 7.31±0.22 0.67 7.05-16.23 9.12±0.96 2.87 

SDV; Standard Deviation, SEM; Standard Error Mean, pH, soil organic carbon; total N; C:N ratio; and available P; S.D: Soil Depths 

3.2.4. Total Nitrogen and C:N Ratio 

The total nitrogen (TN) content displayed a consistent 

pattern of decrease with increasing soil depth across all land 

use types, following the trend of cultivated land (CL) < eu-

calyptus plantation lands (EPL) < grazing land (GL). The 

highest mean TN content was recorded in the surface soil of 

GL (0.30%), followed by EPL soils (0.28%), and with the 

lowest value observed in the subsurface soil of CL (0.19%). 

This distribution closely followed the trend of organic carbon 

(OC), as evidenced by their strong positive correlation (Table 

6). Higher TN in GL and EPL compared to CL reflects the 

greater organic matter content in these areas, since organic 

matter is the primary source of TN in soil, with up to 90% 

derived from organic sources [80]. 

The lower TN content in CL soils is linked to intensive 

cultivation, frequent tillage, and reduced organic matter input, 

which accelerate organic substrate mineralization and nitro-

gen loss. Additionally, nitrate leaching, exacerbated by high 

rainfall, contributes to nitrogen depletion in CL soils. This 

aligns with findings by Teshome et al. (2013) and Jemal and 

Tesfaye (2020) [81, 41], who reported lower TN in cultivated 

soils than in adjacent grazing areas. On the other hand, the 

relatively higher TN in GL and EPL is attributed to greater 

organic matter accumulation from plant residues and animal 

dung, which undergo slow mineralization and provide a 

steady nitrogen supply [82, 83]. The slightly lower TN in EPL 

compared to GL could result from the nutrient-poor, recalci-

trant litter of eucalyptus trees and soil disturbance during 

plantation establishment [84, 85]. 

The decline in TN with soil depth mirrors the reduction in 

organic carbon, as both parameters are interdependent. This 

observation is consistent with studies by Malo et al. (2005), 

IAEA (2008), and Tolesa [54, 86, 65]. The decrease in TN at 

greater depths may be attributed to lower organic matter input 

from plant biomass and reduced humus levels. In cultivated 

soils, the reduced input of plant residues in cereal-based sys-

tems exacerbates TN depletion. Fertilizer applications, though 

intended to address this loss, often fail to compensate for 

nitrogen removed through harvest, leaching, and microbial 

decomposition [87]. 

The carbon-to-nitrogen (C: N) ratio, an indicator of nitro-

gen mineralization and accumulation, varied across land uses 

and soil depths in the study area (Table 3). The highest C: N 

ratio (12.42) was recorded in the subsurface (20-40 cm) of CL 

soils, while the lowest (10.67) was observed in the surface 

layer (0-20 cm). A narrow C: N ratio suggests a higher rate of 

organic matter mineralization, with microbes efficiently uti-

lizing nitrogen to decompose carbon-rich residues. The in-

crease in the C: N ratio with depth in CL and EPL soils re-

flects a more rapid decline in TN compared to OC. Con-

versely, GL soils exhibited a decreasing C: N ratio with depth, 

indicative of a relatively balanced decrease in both OC and 

TN [88, 89, 90]. 

The observed C: N ratios, classified as medium [48], were 

below 20:1, indicating favorable conditions for nitrogen 
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mineralization and nutrient release into the soil environment. 

This finding suggests that organic residues in the study area 

are minimal and highlights the need for increased organic 

input to enhance soil fertility. The narrow C: N ratios, com-

bined with low carbon inputs from monocropping systems, 

underscore the importance of applying organic amendments 

to maintain a balanced nutrient supply and improve soil 

health. 

3.2.5. Available Phosphorus 

Available phosphorus (P) levels varied significantly among 

the three land use types and soil depths in the study area. 

Grazing land (GL) exhibited the highest mean available P 

(12.61 ppm), followed by cultivated land (CL) (8.69 ppm) and 

eucalyptus plantation lands (EPL) (8.51 ppm) (Table 3). This 

pattern is consistent with studies by Tesema and Nesru et al. 

[90, 89], who reported lower available P in EPL soils com-

pared to GL and CL, largely due to the high phosphorus fix-

ation capacity of acidic soils. However, contrasting findings 

by Jemal and Tesfaye [41], highlighted higher available P in 

eucalyptus plantations, indicating variability depending on 

local management practices and soil characteristics. 

Available P consistently decreased with increasing soil depth 

across all land uses. In subsurface soils, GL retained the 

highest P levels, followed by CL and EPL (Table 3). This 

decline with depth is linked to reduced organic matter and the 

application of fertilizers and farmyard manure (FYM), which 

are concentrated in surface layers. Organic matter plays a 

crucial role in phosphorus availability by directly contributing 

to soil P content and reducing P fixation [91, 92]. The strong 

positive correlation between available P and organic matter 

(Table 6) supports findings by Dawit et al.and Yadav et al. 

[93, 94], who observed enhanced P availability in soils with 

higher organic matter inputs. 

The higher P levels in GL soils can be attributed to inputs 

from cow dung and organic matter accumulation. In contrast, 

CL, despite receiving annual P fertilizer applications, exhib-

ited moderate available P levels, likely due to the strong fix-

ation of P by iron (Fe) and aluminum (Al) in acidic soils. 

Similarly, EPL soils demonstrated lower P levels, possibly 

due to the slow decomposition of nutrient-poor eucalyptus 

litter, which limits the contribution of organic matter to P 

availability. 

In the Lalistu Cheri watershed, available P levels in subsur-

face soils followed the same trend: GL > CL > EPL, with 

mean values of 9.12 ppm, 7.45 ppm, and 7.31 ppm, respec-

tively. This reduction in available P with depth may also be 

linked to higher clay content in subsurface layers, which 

enhances P fixation and reduces its bioavailability [95]. The 

overall low P availability in acidic soils is consistent with 

findings by Tekalign and Haque and Dawit et al. [96, 93], who 

emphasized that high P fixation by Fe and Al oxides is a major 

limiting factor for phosphorus availability in Ethiopian soils. 

Despite the relatively higher organic carbon (OC) content in 

EPL soils, the lower P availability suggests that inorganic 

sources of P are more critical for CL soils, as also noted by 

Heluf and Wakene [97]. Continuous application of P fertiliz-

ers in CL has improved P availability compared to unculti-

vated lands, but fixation by clay and oxides remains a signif-

icant challenge [111]. The critical P value of 8.5 ppm for 

Ethiopian soils, as reported by Tekalign and Haque [98], 

highlights the need for better P management strategies, espe-

cially in acidic soils with low pH and high fixation capacity. 

According to the rating by Cottenie [99], available P levels 

ranged from low to medium across the study area. GL soils 

exhibited a medium fertility status (9-17 ppm), whereas CL 

and EPL soils remained in the low range (5-9 ppm). The low P 

availability in CL and EPL soils reflects their acidic nature, 

high fixation by Fe and Al, and limited organic inputs. These 

findings underscore the importance of targeted soil manage-

ment practices, including organic amendments and lime ap-

plication, to improve phosphorus availability and enhance soil 

fertility. 

3.2.6. Exchangeable Bases and Cation Exchange 

Capacity 

The depletion of base cations (Na, K, Ca, and Mg) through 

leaching significantly accelerates soil acidification. These 

exchangeable cations varied notably across land use systems 

and soil depths (Table 4). In general, exchangeable Na+ levels 

in Eucalyptus Plantation Lands (EPL) remained consistent 

across soil depths, while all other cations increased with depth 

in other land uses. The exchangeable Ca2+ and Na+ concen-

trations were highest in Grazing Land (GL), followed by 

Cultivated Land (CL) and EPL. However, exchangeable Mg2+ 

and K+ followed the order of GL > EPL > CL. This indicates 

that GL maintained higher nutrient levels due to effective 

nutrient recycling compared to the other land uses, where 

nutrient depletion was more pronounced. 

The mean values by depth showed that GL had the highest 

exchangeable Ca2+ (8.92 cmol (+)/kg) and Mg2+ (5.76 

cmol(+)/kg) concentrations in subsurface layers, while the 

lowest levels of these cations (2.14 and 2.29 cmol(+)/kg) were 

found in the surface soils of EPL and CL, respectively (Table 

4). Similarly, GL recorded the highest exchangeable K+ (1.26 

cmol (+)/kg) and Na+ (0.30 cmol (+)/kg) concentrations in the 

subsurface layers, while CL showed the lowest values for both 

cations in surface soils. Notably, exchangeable K+ levels in 

EPL did not vary with soil depth and were similar to those in 

CL's surface layer. 

The higher levels of exchangeable bases in subsurface soils 

indicate downward translocation of soluble bases due to run-

off and water percolation, driven by the area's high rainfall. 

This aligns with studies by [100, 101, 65], which reported 

increased exchangeable base concentrations with depth due to 

leaching. Conversely, the lower exchangeable base levels in 

CL suggest significant nutrient removal through crop har-

vesting and soil erosion, processes exacerbated by continuous 

cultivation. Heluf and Wakene [102] observed that prolonged 

cultivation, especially in acidic tropical soils, depletes Ca2+ 
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and Mg2+. Other studies, including those by [103, 37], confirm 

that nutrient depletion in CL is aggravated by limited crop 

residue recycling and the use of acid-forming fertilizers, 

which reduce soil pH and accelerate the loss of base cations. 

Saikh et al. [104] also noted that intensive cultivation and 

weathering reduce soil K levels, while Wakene and Heluf, 

[105] highlighted the role of acid-forming fertilizers in de-

pleting exchangeable bases, particularly in tropical soils. In 

this study, the soils in GL showed relatively high exchange-

able Ca2+ and Mg2+ levels, classified as medium to high ac-

cording to FAO, [105], while EPL and CL soils were catego-

rized as low to medium. The depletion in CL is likely due to 

crop biomass removal, base cation leaching, and acidic cation 

replacement (H+, Al3+, and Fe2+). 

The distribution of exchangeable Na+ followed a similar 

trend, with GL exhibiting the highest mean concentrations 

(0.30 cmol (+)/kg) and CL and EPL showing the lowest (0.11 

cmol (+)/kg). Low pH in CL likely contributes to reduced 

base saturation and immobilization of exchangeable bases, as 

reported by [41]. Additionally, higher clay content in sub-

surface soils may partly explain the increasing exchangeable 

base concentrations with depth, as clay retains cations through 

electrostatic adsorption, as noted by [106]. 

The soil cation exchange capacity (CEC) also varied across 

land uses and depths (Table 4). GL had the highest CEC 

values (20.70 cmol (+)/kg in subsurface layers), followed by 

EPL (19.27 cmol (+)/kg), while CL recorded the lowest 

(15.78 cmol (+)/kg in surface layers). This variation is at-

tributed to differences in organic matter (OM) and clay con-

tent, which provide negatively charged surfaces for cation 

exchange. [107] emphasized the importance of OM in de-

termining soil CEC. The high CEC in GL reflects its higher 

OM levels, which bind cations effectively, while intensive 

cultivation in CL depletes OM, reducing its CEC. Consistent 

with studies by Tolesa [65] and Eyayu [108], the subsurface 

soils across all land uses had higher CEC due to clay accu-

mulation and OM translocation. Hazelton and Murphy [38] 

classified the CEC of the study area's soils as moderate (15-25 

cmol (+)/kg), suggesting adequate cation retention capacity. 

Nevertheless, CL's reduced CEC highlights the detrimental 

effects of intensive cultivation, erosion, and nutrient loss on 

soil fertility. The findings also underscore the dominant role 

of exchangeable Ca2+ and Mg2+ in occupying soil exchange 

sites, with K+ and Na+ present in smaller proportions. Grazing 

Land's higher exchangeable base levels can be attributed to 

better OM content, reduced soil disturbance, and lower ero-

sion rates compared to CL and EPL. Conversely, EPL's acid-

ification results from the uptake of basic cations into euca-

lyptus biomass, as also reported by Takele et al. and Kebebew 

et al. [75, 37]. Variations in exchangeable bases among land 

uses highlight the influence of soil management practices, 

weathering, and land use intensity on nutrient distribution and 

soil fertility. 

Percent Base Saturation and Effective Cation Exchange 

Capacity Variations in percent base saturation (PBS) 

among land use types and soil depths were also evident, 

with PBS consistently increasing with depth across all 

three land uses (Table 4). The soils in grazing land (GL) 

showed the highest PBS values, followed by those in 

cultivated land (CL) and eucalyptus plantation land (EPL). 

The maximum mean PBS (78.84%) was recorded in the 

subsurface layer of GL, while the minimum (35.12%) was 

found in the surface layer (0-20 cm) of EPL. This trend 

mirrors the distribution patterns of cation exchange ca-

pacity (CEC) and exchangeable bases, as these attributes 

are influenced by similar factors affecting PBS. In sub-

surface soils, GL showed the highest PBS values 

(78.84%), followed by EPL (56.04%) and CL (55.09%) 

(Table 4). Generally, PBS increased from the surface to 

subsurface layers across all land uses, which may be due 

to the downward movement of basic cations and an in-

crease in soil pH. This trend is supported by studies from 

[109, 41]. 

The relatively high PBS in GL soils can be attributed to 

their higher pH and organic matter content, which provides 

sites for cation storage, along with the addition of cow dung. 

Conversely, the lower PBS in EPL and CL soils may be due to 

low pH levels, which reduce base saturation, compounded by 

nutrient removal from continuous harvesting and cultivation. 

Eucalyptus plantations further contribute to soil acidification 

and increased weathering, leading to podosol formation and 

lower base saturation [110]. As observed, factors influencing 

base cation availability often impact PBS similarly. Accord-

ing to Hazelton and Murphy [38] base saturation ratings, PBS 

values in CL and EPL are within the low to medium fertility 

range, while GL soils are in the high fertility range (Table 4). 

Table 4. Mean values of soil exchangeable cations, CEC, ECEC and PBS as affected by land use type and soil depth in the study area. 

Landuse CultivatedLand EucalyptusPlantationLand Grazingland 

Parameters 

(cmol(+)kg-1) 
S.D(cm) Range Mean±SEM SDV Range Mean±SEM SDV Range Mean±SEM SDV 

Ca 
0-20 1.34-6.53 3.57±0.55 1.64 1.31-3.52 2.14±0.23 0.68 6.52-8.76 7.85±0.23 0.70 

20-40 4.04-7.26 5.49±0.36 1.07 2.52-6.14 5.01±0.33 1.00 8.19-9.71 8.92±0.14 0.42 

Mg 0-20 1.46-3.93 2.29±0.29 0.86 1.62-8.01 2.97±0.67 2.01 3.71-6.55 5.05±0.31 0.92 
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Landuse CultivatedLand EucalyptusPlantationLand Grazingland 

Parameters 

(cmol(+)kg-1) 
S.D(cm) Range Mean±SEM SDV Range Mean±SEM SDV Range Mean±SEM SDV 

20-40 2.68-4.00 3.08±0.16 0.49 3.01-10.45 4.64±0.83 2.48 4.66-7.21 5.76±0.29 0.88 

Na 
0-20 0.04-0.16 0.11±0.01 0.04 0.04-0.16 0.11±0.01 0.04 0.06-0.81 0.26±0.07 0.22 

20-40 0.11-0.17 0.14±0.01 0.02 0.11-0.17 0.11±0.01 0.03 0.08-0.97 0.30±0.09 0.27 

K 
0-20 0.7-1.01 0.85±0.03 0.09 0.82-1.08 0.93±0.03 0.10 0.06-1.21 1.17±0.01 0.04 

20-40 0.88-1.13 0.96±0.03 0.08 1.88-1.17 0.99±0.04 0.12 1.19-1.36 1.26±0.02 0.05 

CEC 
0-20 14.76-18.78 15.78±0.42 1.25 16.11-18.72 17.50±0.30 0.89 17.74-20.04 18.87±0.34 1.03 

20-40 16.26-19.12 17.61±0.37 1.12 18.08-21.51 19.27±0.36 1.07 18.92-22.76 20.70±0.48 1.44 

ECEC 
0-20 7.16-14.17 9.87±0.76 2.29 8.04-15.18 10.29±0.74 2.22 13.06-16.93 15.30±0.46 1.38 

20-40 10-14.69 11.92±0.46 1.38 11.57-19.58 13.47±0.79 2.36 14.98-18.67 16.95±0.44 1.33 

PBS% 
0-20 22.78-76.88 43.76±5.62 16.87 25.52-64.62 35.12±4.13 12.40 62.65-85.45 76.15±2.60 7.80 

20-40 44.48-73.11 55.09±2.99 8.98 47.33-90.62 56.04±4.41 13.24 69.9-91.22 78.84±2.76 8.28 

SDV; Standard Deviation, SEM; Standard Error, CEC; Cation Exchange Capacity, PBS; Percent Base Saturations’: soil Depths 

The effective cation exchange capacity (ECEC) also dif-

fered by land use type and soil depth, with the highest mean 

ECEC (16.95 cmol (+) kg-1) found in the GL subsurface 

(20-40 cm) layer, while the lowest mean values (9.87 and 

10.29 cmol (+) kg-1) were observed in the surface layers of CL 

and EPL, respectively. The low basic cation levels in CL may 

result from nutrient losses through cultivation, leaching, and 

erosion, accelerated by practices like nitrogen fertilizer ap-

plication, which enhances natural soil acidification. As noted 

by Slattery and Hollier [111], the specific impact of nitrogen 

fertilizers on acidity also depends on the type of fertilizer 

used. 

3.2.7. Extractable Soil Micronutrients (Cu, Fe, Mn 

and Zn) 

Micronutrients are elements required by plants in small 

quantities, yet their availability is essential for healthy growth. 

Similar to other soil parameters, the levels of extractable 

micronutrients in this study varied with land use and soil 

depth (Table 5), showing a general decrease with depth across 

all land uses. The relatively higher micronutrient concentra-

tions in the surface layers of all land use types suggest a 

beneficial role of soil organic matter, which helps retain these 

nutrients, protecting them from erosion and leaching and 

enhancing their availability. 

The content of extractable iron (Fe) and manganese (Mn) 

ranged from 0.54 to 10.58 mg kg⁻¹ and 4.42 to 12.14 mg kg⁻¹, 

respectively. The highest levels of Fe (10.58 mg kg⁻¹) and Mn 

(12.14 mg kg⁻¹) were observed in the surface layer of euca-

lyptus plantation land (EPL) and grazing land (GL), respec-

tively, while the lowest values were recorded in the subsur-

face layers of GL and EPL. Similarly, copper (Cu) and zinc 

(Zn) concentrations ranged from 1.52 to 3.16 mg kg⁻¹ and 

0.29 to 0.85 mg kg⁻¹, respectively, with GL surface soils 

showing the highest levels and subsurface layers of cultivated 

land (CL) and EPL having the lowest values (Table 5). This 

indicates that micronutrient concentrations were generally 

higher in the surface (0-20 cm) layer compared to the sub-

surface (20-40 cm) layer. The higher micronutrient concen-

trations in the surface soils may be attributed to enhanced 

organic matter decomposition, residue accumulation, and 

lower pH in the top layer, which collectively improve nutrient 

availability. This finding aligns with research by Marco et al. 

[112] and Tolesa et al. [65], which suggests that organic 

matter in topsoil is more effective in retaining micronutrients 

than in subsoil. Except for Fe, which peaked in the surface 

layer of EPL soils, Cu, Mn, and Zn levels were notably higher 

in GL soils, likely due to the abundance of organic matter and 

animal dung. Additionally, root distribution and depth affect 

micronutrient profiles, as deep-rooted plants transport nutri-

ents to the surface through stem flow, as reported by Jiang et 

al. [115] and Yitbarek et al. [114]. 

The comparatively lower availability of micronutrients in 

CL soils may result from nutrient losses due to continuous 

crop harvesting, organic matter depletion, and erosion exac-

erbated by ongoing cultivation with minimal nutrient replen-

ishment. In contrast, the higher Mn, Cu, and Zn levels in GL 

may be due to higher organic matter content, soil pH, and 

basic cation accumulation. These findings are consistent with 

reports by Wakene [45], Mengistu and Dereje [115], and 

Kebebew al. [37], who found lower micronutrient availability 

in CL compared to GL and other land uses. The relatively high 

Fe concentrations in EPL soils could be due to increased 
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exchangeable acidity, supporting findings by 136 that acidic 

soils enhance the solubility and availability of Fe³⁺ and Mn²⁺ 

ions. 

According to Jones [116] micronutrient status ratings, the 

surface layer soils were classified as follows: Cu ranged from 

high (1.3-2.5 mg kg⁻¹) to very high (>2.5 mg kg⁻¹); Fe ranged 

from medium (2.1-5.0 mg kg⁻¹) to high (5.1-25.0 mg kg⁻¹) in 

most cases, except in GL's subsurface layer, where Fe was 

very low (0.1-0.6 mg kg⁻¹); Mn fell within the medium 

(1.0-20 mg kg⁻¹) range; and Zn was classified from low 

(0.3-0.4 mg kg⁻¹) to medium (0.5-1.0 mg kg⁻¹). 

Table 5. Mean values of selected DTPA-extractable micronutrients as influenced by land use type and soil depth in the study area. 

Landuse CultivatedLand EucalyptusPlantationLand Grazingland 

Parameters 

(mgKg-1) 
S.D(cm) Range 

Mean±SE

M 

SD

V 
Range 

Mean±SE

M 

SD

V 
Range 

Mean±SE

M 
SDV 

Fe 
0-20 2.74-10.91 7.03±2.37 4.10 7.25-13.91 10.58±3.33 4.71 0.68-7.46 4.07±3.39 4.79 

20-40 2.03-8.53 5.63±1.91 3.31 2.03-8.53 2.72±1.91 3.31 0.39-0.68 0.54±0.15 0.21 

Mn 
0-20 3.24-15.14 9.14±3.44 5.95 8.48-8.82 8.65±0.17 0.24 9.55-14.73 12.14±2.59 3.66 

20-40 1.03-13.75 8.33±3.79 6.57 2.38-6.71 4.42±1.26 2.18 4.47-14.17 9.32±4.85 6.86 

Cu 
0-20 0.51-2.47 1.63±0.58 1.01 2.14-2.89 2.52±0.38 0.53 3-3.31 3.16±0.16 0.22 

20-40 0.61-2.31 1.52±0.49 0.86 1.86-2.71 2.18±0.27 0.46 0.96-2.69 1.83±0.87 1.22 

Zn 
0-20 0.69-3.24 0.55±0.008 0.09 2.63-5.22 0.47±0.001 0.03 0.14-1.16 0.85±0.304 0.55 

20-40 0.81-2.78 0.40±0.016 0.13 1.62-3.41 0.29±0.010 0.10 0.08-0.96 0.60±0.205 0.45 

SDV; Standard Deviation, SEM; Standard Error Mean, S. D: soil Depth 

3.3. Status of Soil Acidity Across Land Use 

Types and Soil Depths 

To understand soil acidity across different depths and land 

uses, we examined key indicators like pH, exchangeable 

aluminum, percent acid saturation (PAS), and other related 

factors. Laboratory results provided insight into pH variations 

between surface and subsurface layers, highlighting acidity's 

effects across cultivated land (CL), grazing land (GL), and 

eucalyptus plantation land (EPL). 

3.3.1. Definition and Importance of Soil Acidity 

Soil acidity, measured by pH, reflects the concentration of 

hydrogen ions (H⁺) in the soil. Lower pH values indicate 

higher acidity, which can influence nutrient availability, mi-

crobial activity, and soil structure. High acidity often leads to 

aluminum (Al) toxicity, impacting plant growth and root 

health [117]. 

3.3.2. Soil pH at Different Depths 

The pH values for two soil depths (0-20 cm and 20-40 cm) 

reveal how acidity varies with depth and land use. Surface pH 

values ranged from 4.99 to 5.36, with CL having the lowest 

values, likely due to fertilizer use and tillage practices. Ferti-

lizers, especially nitrogen-based, contribute to acidification 

over time [118]. In subsurface layers, pH values were slightly 

higher, from 5.14 to 5.61, reflecting the buffering capacity at 

depth. In grazing and eucalyptus soils, organic matter inputs 

and deeper roots help maintain higher pH levels. 

3.3.3. Percent Acid Saturation (PAS) 

PAS is a critical indicator of soil acidity, showing the 

proportion of cation exchange sites occupied by acidic ions 

like H⁺ and Al³⁺. Higher PAS indicates greater acidity and 

potential toxicity. Surface PAS values varied from 2.98% to 

49.89% across land uses, with EPL soils showing the highest 

values, followed by CL. In GL, PAS values were lower, 

suggesting reduced active acidity. In subsurface soils, PAS 

ranged from 2.13% to 27.18%, with trends similar to those at 

the surface. Higher PAS values in CL indicate increased 

acidity due to agricultural activities at both depths. 

High PAS values (>20%) point to potential aluminum 

toxicity risks, particularly in acidic soils where aluminum can 

hinder root development and crop growth [119]. Moderate 

PAS in GL suggests less acidity and fewer toxicity risks, 

benefiting plant growth. 

3.3.4. Soil Acidity Across Land Use Types 

Cultivated Land: Cultivation practices, including nitro-
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gen fertilizers and base cation depletion, increase acidity, 

especially near the surface. These results in reduced pH and 

higher PAS, which can negatively impact crop yields unless 

mitigated with lime or organic amendments [120]. 

Grazing Land: Moderate acidity in GL is buffered by 

organic matter from grass and deep-rooted plants, though soil 

compaction from grazing can influence pH and PAS over time 

[121]. Eucalyptus Plantation Land: High exchangeable 

acidity (3.51-5.59 cmol (+)/kg) reflects the natural acidifica-

tion effects of eucalyptus trees, whose organic acids from 

litter decomposition contribute to acidity. 

3.3.5. Soil Properties Influencing Acidity 

Factors like organic carbon (OC), cation exchange ca-

pacity (CEC), and percent base saturation (PBS) also affect 

acidity. Organic matter decomposition can release organic 

acids, acidifying soil. CEC, higher in GL and EPL soils, 

provides buffering capacity, while low PBS in CL reflects 

higher exchangeable acidity. CL’s lower base saturation 

further emphasizes its increased soil acidity compared to 

GL and EPL. 

3.3.6. Depth and Its Effect on Soil Acidity 

Surface soils (0-20 cm) are generally more acidic due to 

organic matter decomposition, root activity, and fertilization. 

In contrast, deeper layers (20-40 cm) show slightly higher pH, 

reflecting less exposure to surface activities. Surface PAS is 

consistently higher than in subsurface layers, highlighting 

more pronounced acidity near the surface due to organic and 

management influences Jiang et al. [121]. Deeper soils may 

show acidification from leached compounds but often have 

higher CEC, supporting cation storage. 

3.3.7. Acidity Status Based on PAS, ECEC, and Fe 

and Mn Content 

PAS and ECEC, crucial in assessing acidity, correlate with 

micronutrient availability like iron (Fe) and manganese (Mn). 

High acidity increases Fe and Mn solubility, which can be-

come toxic at elevated levels Zhao and Wang [122]. EPL and 

CL soils, with lower pH and higher PAS, exhibit strong acid-

ity and aluminum toxicity risks. GL, with lower PAS, offers 

more favorable conditions for plant growth. Managing soil 

acidity, particularly in cultivated areas, is essential for im-

proving soil fertility, reducing toxicity risks, and may require 

amendments like lime or organic material to restore balance. 

4. Conclusions and Recommendations 

4.1. Conclusion 

This study demonstrates that soil acidity varies signifi-

cantly with land use and depth. Cultivated land (CL) and 

eucalyptus plantation land (EPL) exhibited strong acidity, 

while grazing land (GL) remained only moderately acidic. 

The pronounced acidity in EPL is driven by natural acidifi-

cation from eucalyptus trees, which thrive despite low pH. In 

contrast, CL’s elevated acidity results from prolonged culti-

vation, crop uptake of base cations, and insufficient nutrient 

replenishment, posing a serious threat to agricultural produc-

tivity and ecosystem health. 

Clay content increased with depth, peaking in CL soils 

(54.89%), while EPL had the highest sand content 

(36.11%).Bulk density increased with depth (max: 1.36 g/cm³ 

in GL), whereas total porosity decreased (max: 56.65% in 

EPL surface soils). pH: Ranged from 5.14 (CL) to 5.74 (GL), 

increasing with depth. GL soils maintained the highest pH, 

followed by EPL and CL. Organic Carbon (OC) & Nitrogen 

(N): Decreased with depth, with GL having the highest OC 

(3.44%) and N (0.30%).Phosphorus (P): Highest availability 

in GL soils (12.61 mg/kg).Exchangeable Bases (Ca, Mg, K, 

Na): Generally increased with depth, except Na in EPL. GL 

showed the highest base cation levels.CEC & ECEC: In-

creased with depth, peaking in GL subsurface soils (20.70 and 

16.95 cmol(+) kg⁻¹, respectively).Micronutrients (Fe, Mn, Cu, 

Zn): Concentrations declined with depth. Fe and Mn ranged 

from 0.54 mg/kg (GL subsoil) to 12.14 mg/kg (EPL topsoil), 

while Cu and Zn ranged from 1.52 mg/kg (CL subsoil) to 

3.16 mg/kg (GL topsoil). 

4.2. Recommendations 

This study demonstrates that land use conversion from 

grazing lands (GL) to either cultivated (CL) or eucalyptus 

plantation lands (EPL) significantly degrades soil physico-

chemical properties in subsistence farming systems. To ad-

dress these impacts, we recommend the following evi-

dence-based strategies: 

1) Sustainable Land Management 

Implement diversified cropping systems (crop rotation, 

agro forestry) combined with conservation tillage to reduce 

acidification and improve soil health. Restore degraded areas 

through targeted reforestation with native species and man-

aged grazing systems 

2) Soil Acidity Remediation 

Apply calibrated lime applications combined with organic 

amendments (compost, manure) to neutralize soil pH. Intro-

duce acid-tolerant crop varieties as interim solutions during 

soil rehabilitation 

3) Precision Soil Fertility Management 

Establish regular soil monitoring programs (pH, nutrients) 

to guide amendment strategies. Develop site-specific fertilizer 

recommendations based on comprehensive soil testing 

4) Institutional Support Systems 

Conduct farmer training programs focusing on practical 

soil management techniques. Foster research partnerships to 

develop context-appropriate soil technologies. Advocate for 

policy measures supporting sustainable practices (e.g., lime 

subsidies, conservation incentives) 

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


American Journal of Chemical and Biochemical Engineering http://www.sciencepg.com/journal/ajcbe 

 

33 

Abbreviations 

AAS Atomic Absorption Spectrophotometer 

BD Bulk Density 

CEC Cation Exchange Capacity 
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ECEC Effective Cation Exchange Capacity 

Ethio SIS Ethiopian Soil Information System 

PD Particle Density 

PAS Percentage Acid Saturation 

PBS Percent Base Saturation 

SOM Soil Organic Matter 
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