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Effects of Land Use Types and Conservation Practice on Selected Soil Physico-chemical 

Properties in Anjeni Micro Watershed, Dembecha District, Ethiopia 

 

By: Asefa Berelie (BSc), Hawassa University, Ethiopia 

Advisors: Asmare Melese (PhD), Debre Berhan University, Ethiopia 

Wondwosen Tena (PhD), Debre Berhan University, Ethiopia 

 

ABSTRACT 

Land degradation in Ethiopia is a serious constraints and causes for soil fertility depletion and 

results low production of the agricultural sector. This study investigated the effects of different 

land use types and conservation practice on selected soil physico-chemical properties. The 

experiment was laid out in the randomized complete block design (RCBD) with three land uses 

(grazing land, cultivated land and plantation forest) and two conservation practices (conserved 

and unconserved) that is a total of 18 composite soil samples (0-20 depth) were taken. For data 

analysis, the GLM procedure of SAS version 9.4 was used. The results of the study revealed that 

there was relative variation in proportion of clay, sand and silt content among the land use types 

though they have the same textural class. The bulk density of the soils decreased from grazing to 

cultivated and then to forest land, while total porosity decreased from forest to cultivated and 

then to grazing lands. The soil pH value of the area varied from acidic to moderately acidic 

(5.31-6.27). The higher mean values of clay (45.38%), porosity (53.36%), OM (4.01%), 

Ca
+2

(20.88 cmolc/kg), Mg
+2

(8.20 cmolc/kg), and PBS (86.28%) were recorded in the plantation 

forest. In contrast, the mean values of sand (35.33%) were higher in grazing land. The higher 

values of silt (32.61%), BD (1.46 g/cm
3
) and Ava.P (13.91 ppm) were recorded under 

unconserved cultivated land. The higher pH (6.03.), TN (0.13%), CEC (31.05cmolc/kg) and K
+
 

(0.62 cmolc/kg), values were recorded under conserved grazing land. From this study, it can be 

concluded that the soil fertility and quality were well maintained relatively under the conserved 

forest land, while the effect was lowest on the soils of the unconserved cultivated land. 

Therefore, the use of integrated soil fertility management should be used to improve and 

maintain soil fertility status under different land uses. 

Keywords: Conservation practices, Cultivated, Grazing, Land degradation, Plantation, Soil 

fertility  
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1. INTRODUCTION 

Rapid increase in population demands more production of food, fodder, fiber and fuel from the 

land. Highlands of Ethiopia, with altitude above 1500 meters above sea level (m.a.s.l) are the 

dominant sources of water, crop and fodder production. They are densely populated and hold about 

90% human and about two-thirds of livestock population. The highlands cover about 50% of the 

land area with 95% of the cropping land accounting for over 90% of the country’s economy (Gete, 

2002). To meet these needs, vast tracts of land are being put under intensive cropping and large 

areas of grasslands are being overgrazed and degraded in Ethiopia. Additionally, new and often 

marginal lands are being brought into production. Soil resources are finite, non-renewable and 

prone to degradation through misuse and mismanagement (Lal, 2000).  

In Ethiopia, natural resources are under great pressure. Land degradation, including deforestation, 

soil erosion and biological soil degradation had been reported to be very rampant throughout the 

country. Girma (2000) reported that because of its topographic nature, the removal of land cover 

leads to soil degradation. Environmental degradation, high population growth in developing 

countries, and the need to enhance sustainable agricultural productivity are interlocked issues that 

constitute a triple global challenge currently. For combating and minimizing the rate of soil 

degradation and to improve the land productivity through sustainable use of soil resources, 

understanding the soil physicochemical characteristics of land use systems and management 

practices are required. Moreover, understanding the effect of land use types and conservation 

practices on soil properties is useful for developing land management strategies and for sustainable 

agriculture (Woldeamlak, 2003). 

Soil erosion is one of the most important environmental problems leading to losses in crop 

production and degrading the landscape (Tadesse, 2011). In most developing countries, including 

Ethiopia, human activity triggers these losses (Mohammad et al., 2001). This is associated with 

rapid population growth, inadequate attention to the basic natural resources (soils, water and 

vegetation), and the need to maximize production to meet the needs of the growing population 

(Feoli et al., 2002). 
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Land use is one of the main drivers of many processes of environmental change, as it influences 

basic resources within the landscape, including the soil resources. It is obviously constrained by 

environmental factors such as soil characteristics, climate, topography and vegetation. The 

possible major land use type in agriculture are grazing land, forest land, cultivated land and 

settlement land  each of them having subdivisions (FAO, 2006). Severe deterioration in soil quality 

may lead to a permanent degradation of land productivity and soil properties under different land 

use types (Kizilkaya and Dengiz, 2010). Some forms of land degradation are the result of normal 

natural processes of physical shaping of the landscape and high intensity of rainfall. The scale of 

the problem, however, dramatically increased due to the increase in deforestation, overgrazing, 

over-cultivation, inappropriate farming practices, and increasing human population. Removing 

vegetative cover on steep slopes for agricultural expansion, firewood and other wood requirements 

as well as for grazing space has paved the way to massive soil erosion (USAID, 2004).The 

economy of Ethiopia is mainly based on rain-fed agriculture which is the source of livelihood for 

the majority of its population (CSA, 2008). 

Soil erosion is the main threat in the study area, Anjeni micro watershed. The major soil erosion 

types are gullies and rills are still observed in most land uses, specifically in farmlands. The major 

causes for such soil erosion in general and formation of active gullies in particular are overgrazing 

above field carrying capacity, very poor attention and misuse of land for centuries, improper 

discharge of run-off from roads, absence of integrated watershed management, land use change 

and fragile nature of the soil which make it susceptible for erosion. The study area is characterized 

by varying topographic conditions, different land use systems and different farmers’ managed soil 

fertility management practices. The different land use and management systems are significantly 

contribute to the variation in soil physico-chemical properties. Many soil physical properties 

change with changes in land use system and its management such as intensity of cultivation, the 

instrument used and the nature of the land under cultivation, rendering the soil less permeable and 

more susceptible to runoff and erosion losses (Mesfin, 2007).   

 Therefore, knowledge about soil physico-chemical properties status would help us device plans 

for appropriate management of soils to improve productivity and sustainability of agricultural 

lands. However, the interaction effect of land use types, and conservation practices on soil 

physico-chemical properties is not studied in the study area (Anjeni micro watershed). Therefore, 
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this study can fulfill the information gap on the status of physico-chemical properties of soil due to 

the interaction effect of land use types and soil and water conservation (SWC) practice.  

 

 Therefore, this study was conducted to assess the effects of land use types and conservation 

practice on selected soil physico-chemical properties in Anjeni micro watershed.        
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2. LITERATURE REVIEW 

2.1. Concept of Land Use Types 

The term land cover and land use are very common and can be confused. Land cover refers to the 

physical and biological cover over the surface of land including water, vegetation, bare soil, and 

artificial structures (Ellis and Robert, 2007). Land cover is usually examined by means of field 

mapping or remote sensing; the expression is traditionally used in the natural sciences-landscape 

ecology or physical geography. The approach towards land cover research much depends on the 

purpose of study, which influences classification, legend, scale and minimal size of the grid 

(Lorencova et al., 2013). Land use is a more complicated term and has different definition from a 

different view. Natural scientists define land use in terms of syndromes of human activities such as 

agriculture, forestry and building construction that alter land surface processes including 

biogeochemistry, hydrology and biodiversity. Social scientists and land managers define land use 

more broadly to include the social and economic purposes and contexts for and within which lands 

are managed or unmanaged, such as subsistence versus commercial agriculture, rented vs owned, 

or private vs communal land (Aspinall and Hill, 2008). 

2.2. Effects of Land Use on Soil Physical Properties 

Land use is one of the main drivers of many processes of environmental change, as it influences 

basic resources within the landscape, including the soil resources. Land use practice affects the 

distribution and supply of soil nutrients by directly altering soil properties and by influencing 

transformations in the root zone. It can either help or hinder soil erosion, and thus land use is the 

main factor that impact physical, chemical and biological processes of the soils (Careava et al., 

2002).The physical properties of soils determine their adaptability to cultivation and the level of 

biological activity that can be supported by the soil. Soil physical properties also largely determine 

the soil’s water and air supplying capacity to plants. Physical properties of the soil are influenced 

by the size, proportion, arrangement and mineral composition of the soil particles.  
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2.2.1. Soil texture 

Soil texture forms the inherent property of soils and textural classes are not subject to easy 

modification in the field (Wakene, 2001). Whereas, this property is subject to change under 

conditions of land use change which lead to varied soil management practices that may contribute 

indirectly for changes in particle size distribution (Ahukaemere et al., 2012). 

Soil texture determines a number of physical and chemical properties of soils. It affects the 

infiltration and retention of water, soil aeration, absorption of nutrients, microbial activities, tillage 

and irrigation practices (Gupta, 2004). It is also indicative for some other related soil features such 

as type of parent materials, homogeneity and heterogeneity within the profile, migration of clay 

and intensity of weathering of soil material or age of soil (Miler and Gradiner, 2001). The fine and 

medium textured (clay loam, silt clay loam and silt loam) soils are favorable from an agricultural 

view point because of their higher tension of available water, soil OM and exchangeable nutrient 

contents (Jaiswal, 2003). The same authors reported that soil relatively higher in clay content tend 

to be stabilized and retain more soil OM than those low in clay content.  

Under land use changes, which usually involve conversion from forest to cultivated lands, the soil 

protective cover loosens and erosion prevails. Whilst soil erosion takes place, fine particles are 

preferentially moved, resulting in a greater concentration of clay and silt in the sediments than in 

the original soil (Woldeamlak and Stroosnijder, 2005; Erkossa et al., 2005). This ultimately caused 

to change the particle size fraction composition of the original soil. This phenomenon is observed 

in Ethiopian highlands where sever erosion prevails. Over a very long period of time, pedogenic 

processes such as erosion, deposition, eluviation and weathering can alter the textures of various 

soil horizons (Ahmed, 2002). 

2.2.2. Bulk density 

Bulk density is the weight of dry soil solids per unit volume of total soil including the pore space. 

Bulk density is a soil property required for calculating soil pore space, as an indicator of aeration 

status and water content. Bulk density normally decreases as mineral soils become finer in texture. 

Soils having low and high bulk densities exhibit favorable and poor physical conditions, 

respectively Mulugeta et al. (2019). Low bulk density values, generally below 1.3 gm/cm
3
 indicate 
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a porous soil condition (FAO, 2006). Increase in OM lowers bulk density while compaction 

increases bulk density. In swelling soils, bulk density decreases with increase in moisture content 

and vice versa. Bulk densities  of soil horizons are inversely related to the amount of pore space 

and soil OM which is highly influenced by land use and management practices (Brady and Well, 

2002; Gupta, 2004). Any factor that influences soil pore space will also affect the bulk density.  

For instance, intensive cultivation increases bulk density resulting in reduction of total porosity. 

Islam and Weil (2000) and Evrendilk et al. (2004) also reported that soils under cultivated lands 

had higher bulk densities than natural forest land and grassland soils with an associate decrease in 

porosity. The study results of Mulugeta (2004) and Woldeamlak and Stroosnijder (2005) revealed 

that the bulk density of cultivated soils was higher than the bulk density of forest soils.  Hazelton 

and Murphy (2007) mention that the range of bulk density rating as, <1, 1-1.3, 1.3-1.6, 1.6-1.9 and 

>1.9 for very low, low, medium, high and very high, respectively. 

2.2.3. Total porosity 

Porosity defined as the ratio of total volume of pore space to the total volume of soil, is an index of 

the relative pore space in the soil. Its value generally ranges from 30% (in compacted sub soil) to 

more than 60% in well aggregated and high OM surface soils (Brady and Weil, 2002). Coarse 

textured soils tend to be less porous than fine-textured soils, though the mean size of individual 

pores is greater in coarse-textured soils. Furthermore, in clayey soils, the porosity is highly 

variable as the soil alternately swells, shrinks, aggregates, disperses, compacts and cracks (Brady 

and Weil, 2000; Hillel, 2004).  

In soils with the same particle density, the lower the bulk density, the higher is the percent total 

porosity. As soil particles vary in size and shape, pore spaces also vary in size, shape and direction 

Mulugeta et al. (2019). Tillage reduces the macro pore spaces and produces a discontinuity in pore 

space between the cultivated surface and the subsurface soils. Generally, intensive cultivation 

brings about greater compaction and degradation of the soil properties. Wakene and Heluf (2004) 

revealed that the lowest and the highest total porosities were observed in the land cultivated for 

many years and the non-cultivated lands, respectively. These results showed that land use systems 

significantly affect soil porosity because intensively cultivated land without appropriate soil 

management results in soil OM degradation and soil compaction. Wakene (2001) stated that the 
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lowest total porosity (36.2%) was observed on the abandoned research field, followed by (41.6%) 

under the land left fallow for twelve years and the highest (56.7%) was recorded on the farmer’s 

field. The lowest total porosity was the reflections of the low OM content. 

2.3. Effects of Land Use on Soil Chemical Properties 

Soil chemical properties are the most important among the factors that determine the nutrient 

supplying power of the soil to the plants and microbes. The chemical reactions that occur in the 

soil affect processes leading to soil development and soil fertility build up. Minerals inherited from 

the soil parent materials overtime release chemical elements that undergo various changes and 

transformations within the soil (Zajícová et al., 2019). 

2.3.1. Soil pH 

Soil reaction (usually expressed as pH value) is the degree of soil acidity or alkalinity, which is 

caused by particular chemical, mineralogical and/or biological environment. The fact that the high 

rainfall coupled with steeper slopes might have increased leaching, soil erosion and a reduction in 

soluble base cations leading to higher H
+
 activity (Fantaw et al., 2006).  Soil reaction affects 

nutrient availability and toxicity, microbial activity, and root growth. Thus, it is one of the most 

important chemical characteristics of the soil solution because both higher plants and 

microorganisms respond so markedly to their chemical environment. A number of soil fertility 

characters can be interpreted from soil pH. The higher pH could have contributed to increase 

negative charge surfaces (of mineral or humic substances), consequently leading to a higher CEC 

and increased availability of phosphate ions (Tesfay et al., 2006). Both the clay and OM in soils 

act as a buffer against acidification making it possible for crops to grow in soils that would 

otherwise be too acidic or basic (Materechera and Mkhabela, 2001). In peat and muck soils and in 

mineral soils containing large amounts of OM, organic acids contribute significantly to soil acidity. 

Within the normal range of soil pH, the two principal controlling factors are OM and the type and 

amount of cations and also soil conservation practices influence soil pH and bring about changes in 

the soil microbial community structure and function. The advantages of conservation practices 

which include reducing cultivation cost, allowing crop residues to act as an insulator,  reducing soil 

temperature fluctuation, building up soil OM and  conserving soil moisture (Reji et al., 2012). 
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In strongly acid soils, Al
3+

 becomes soluble and increase soil acidity, while in alkaline soils 

exchangeable basic cations tend to occupy the exchange site by replacing H
+
 ions resulting in 

strongly alkaline soils. In moderately acid soils, H
+
 contributes more to soil acidity than Al

3+
  ions 

and hence soil acidity resulted in such soils is due to excessive release of exchangeable H
+
  ions 

from the soil exchange sites (Miller and Grardiner, 2001). Soil pH decreases with increasing 

number of years in cultivation while almost all groups of soils tend to be slightly leached and 

become acidic in relation which results in declining soil chemical fertility (Jaiswal 2003).  Jones 

Benton (2003) mention that the range of soil pH rating as, < 4.5, 4.5-5.0,  5.1-5.5,  5.6-6.0,   6.1-

6.5,  6.6-7.3, 7.4-7.8, 7.9-8.4, 8.5-9.0 and > 9.1 for extremely acidic, very strongly acidic strongly 

acidic, moderately medium acidic, slightly acidic, neutral, slightly alkaline, moderately alkaline, 

strongly alkaline and very strongly alkaline.  

2.3.2. Soil organic matter 

Soil OM consists of dead plants, animal, microbes and fungi or their parts, as well as animal and 

microbial waste products in various stages of decomposition. Eventually, all of these break down 

into humus, which is relatively stable in the soil (Getahun and Bobe, 2015). Soil OM is considered 

to be a key attribute of soil quality and is usually considered as one of the most important 

properties of soils because of its impact on ecosystem sustainability and its effects on other soil 

physical, chemical, and biological characteristics (Abebe and Endalkachew, 2012). Organic matter 

improves soil structural stability in addition to providing mineral nutrients for plants and 

microorganisms through the mineralization process or biochemical oxidation of organic substrates 

(Tilahun and Asefa, 2009). For this reason, soil OM content is the result of equilibrium between 

the processes supplying new organic inputs and the rate of mineralization of the existing OM 

(Nega and Heluf, 2013). Mineralization and immobilization are thus soil microbial processes 

governed by carbon availability, closely linked to soil OM content.  

The changes in land use impact soil OM pools and fluxes. The impact due to land use change on 

OM content depends on a number of factors such as the old and new land use types, the soil type, 

management and climate (Lantz et al., 2001; Lettens et al., 2004). These changes typically result 

in differing rates of soil erosion, aggregate formation, biological activity, and drainage all of which 

have a profound impact on OM accumulation and CO2 evolution. However, forest and pasture 
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lands make up the potential to build up large amounts of OM, whereas conversion of natural 

ecosystem to croplands which results in high rate of its turnover led to declined level of OM (Lantz 

et al., 2001; Batjes, 2004).  

 Most cultivated soils of Ethiopia are poor in OM contents due to low amount of organic materials 

applied to the soil and complete removal of the biomass from the field (Yihenew, 2002), and due 

to severe deforestation, steep relief condition, intensive cultivation and excessive erosion hazards 

(Eylachew, 2009).  Uncultivated soils are higher in soil OM (both on surface and sub-surface soil) 

than those soils cultivated for years (Miller and Gardiner, 2001). In the forest, there is a continuous 

growth of plants and addition to three pools of OM; standing crop, forest floor and soil. In the 

grassland ecosystem, much more of the OM is in the soil and much less occurs in the standing 

plants and grassland floor.  

Materechera and Mkhabela (2001) showed that most conspicuous soil property, which is 

influenced by land use and was strongly correlated with a wide range of other soil propertie, is 

OM. It was significant to note especially the high correlation between OM and physical properties 

that define soil structural characteristics such as aggregate stability, bulk density and water 

retention. This implies that OM may have been involved directly or indirectly in the process, 

which generate or modify soil structure. This contribution reflects the importance of OM on soil 

productivity. The soil, which had higher OM, also had higher nutrient element concentrations. 

Furthermore, humus from OM decomposition combined with clay minerals to form organo-

mineral complex that increase the soils CEC from where plant roots can take up nutrients 

Mulugeta et al. (2019).  Tekalign (1991) mention that the range of organic matter rating as, < 0.86, 

0.86-2.59, 2.59-5.17and >5.17 for very low, low, medium and high respectively. 

2.3.3. Total nitrogen 

Nitrogen (N) is one of the most essential elements that is taken up by plants in greatest quantity 

after carbon, oxygen and hydrogen, and considered to be one of the key crop growth limiting 

factors (Solomon et al., 2006). Soil total N composed of inorganic (NH4
+
 and NO3

-
) and organic 

forms, is subject to change due to various factors. Management (cropping, fertilization, erosion and 

leaching) and climatic conditions (temperature and moisture) determine the level and dynamics of 

N found in soils (Ashenafi et al., 2010). Previous investigations on soil properties along landscapes 
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affected by long-term tillage indicate that soil total N and OC contents are lower in areas of soil 

removal than in areas of soil accumulation (Shimeles, 2006). Wakene (2001) reported that there 

was a 30% and 76% depletion of total N from agricultural fields cultivated for 40 years and 

abandoned land, respectively, compared to the virgin land in Bako area, Ethiopia.  

Average total N increased from cultivated to grazing and forest land soils, which gain declined 

with increasing depth from surface to sub surface soils (Nega, 2006). The considerable reduction 

of TN in the continuously cultivated fields could be attributed to the rapid turnover 

(mineralization) of organic substrates derived from crop residue (root biomass) whenever added 

following intensive cultivation (McDonagh et al., 2001). Moreover, the decline in soil OC and  

total N, although commonly expected following deforestation and conversion to farm fields, might 

have been exacerbated by the insufficient inputs of organic  substrates from the farming system 

(Mulugeta, 2004). The same author also stated the levels of soil OC and TN in the surface soil 

were significantly lower, and declined increasingly with cultivation time in the farm fields, 

compared to the soil under the natural forest.
 
Tekalign (1991) mention that the range of total 

nitrogen rating as, < 0.05, 0.05-0.12, 0.12-0.25 and > 0.25 for low, medium and high respectively.   

2.3.4. Available phosphorus 

Phosphorus (P) is the most critical essential element next to nitrogen, in influencing plant growth 

and production across the world (Nega and Heluf, 2013). Unlike N, it is not supplied through 

biochemical fixation, but must come from other sources to meet plant requirements. Hence, its 

deficiency is directly related to food security issues, especially in the tropics, where severe soil 

degradation is responsible for serious deterioration in soil quality (Solomon et al., 2006). Ethiopian 

soils particularly Nitosol and other acidic soils, are reported to have low P contents. This is due to 

not only the inherent low available content, but also due to the high P fixation capacity of the soils 

(Yihenew, 2002). The highest concentration of available P were recorded in the surface soil of the 

intensively cultivated soil compared to the soil of the farmer`s field and the virgin land in Bako 

area (Wakene and Heluf, 2003).  

Several research results in Ethiopia indicated that most of the soils are known to have low P 

contents not only due to the inherently low available P content, but also due to the high P fixation 

capacity of the soils (Mishra et al., 2004; Wondwosen and Sheleme, 2011; Asmare et al., 2015). 
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According to Mishra et al. (2004) studies in most of Ethiopian soils, Oxisols, Ultisols, Vertisols 

and Alfisols are generally low in total P content. The solubility and availability of P are largely 

determined by soil chemical characteristics such as, soil reaction (pH), cation contents (Fe, Al, and 

Ca) and the total phosphate reserves of the soil. According to Asmare et al., (2015) in acidic soils 

(pH <5.5), inorganic P, precipitates as Fe/Al-P secondary minerals and/or is adsorbed to the 

surfaces of Fe/Al oxides and clay minerals, finally P became less available. Olsen et al. (1954) 

mention that the range of Available phosphorus rating as, < 5,  5 - 9,  10-17, 18-25 and > 25 for 

very low, low, medium, high and very high respectively.   

2.3.5. Cation exchange capacity 

Cation exchange capacity (CEC) is a measure of the soil’s ability to retain and supply cation 

nutrients and expressed in centimoles of charge per kilogram (cmolc/kg). Probably the most 

important and distinctive property of soils is that they can retain ions and release them slowly to 

the soil solution and to plants. The cation exchange capacity (CEC) implies the capacity of a soil 

for ion exchange of cations between the soil solid and the soil solution (Ross et al., 2008).  CEC 

strongly influences nutrient availability, thus widely used in the soil fertility evaluation and soil 

classification projects (Ufot et al., 2016). The CEC of a soil is strongly affected by the amount and 

type of clay, and amount of OM present in the soil because both clay and colloidal OM are 

negatively charged and hence can act as anions to adsorb and hold positively charged ions 

(Teshome et al., 2013).   

Higher CEC values are usually associated with humus compared to those exhibited by the 

inorganic clays (Lechisa et al., 2014). According to Hazelton and Murphy (2007) classification, 

soils consisting of CEC values greater than 40 cmolc/kg are rated as very high, while the CEC 

values between 25 to 40, 12 to 25 and 6 to 12 cmolc/kg are rated as high, moderate and low, 

respectively. Cation exchange capacity increases with increasing soil OM, clay content and soil pH 

(Aweke, 2005). He reported that the highest CEC value (56.70 cmolc/kg was recorded in the 

surface layer on the major soils of some dry land areas of north-east Ethiopia. Experimental results 

from organic amendments to coffee nursery media revealed that different organic sources and 

proportions significantly affected CEC. Hence, the highest and lowest CEC values of 36.00-27.88 

cmolc/kg were obtained from undecomposed coffee husk plus farmyard manure and 



12 
 

undecomposed coffee husk, respectively. In general, CEC was much higher for the media 

composed of the decomposed materials than the undecomposed treatments singly or in 

combinations (Taye et al., 2003). Hazelton and Murphy (2007) set the rating of cation exchange 

capacity as, < 6,  6–12,  12–25, 25–40, and>40 for very low, low, medium, high and very high, 

respectively.  

2.3.6. Exchangeable cations 

The amounts of exchangeable bases (Na, K, Mg and Ca) are important properties of soils as these 

are not only indicate the existing nutrient status, but can also be used to assess balances amongst 

cations (Abiyot and Alemayehu, 2016). The distribution of exchangeable basic cations in most 

agricultural soil is generally Ca
+2

>Mg
+2

>K
+
>Na

+
 with a pH of 5.5 or more (Teshome et al., 2013). 

Research works conducted on Ethiopian soils indicated that exchangeable Ca
+2

 and Mg
+2

 cations 

dominate the exchange sites of most soils and contributed higher to the total percent base 

saturation particularly (Achalu et al., 2012). Similarly, FAO (2006) indicated that in fertile soils of 

neutral soil reaction, about 75% of the adsorbed cations are Ca and Mg and only 3–5% is K. The 

largest portion (90 - 98%) of the total K present in the soil is found in a relatively unavailable form 

to plants, whereas only 1 to 2% of the soil K is readily available to plants. In general, K content of 

a given soil depends on climatic condition, degree of weathering, intensity of cultivation and the 

parent material from which the soil is formed. The response to K fertilizer is expected from most 

crops when the exchangeable K contents of the soil are below the critical (0.38 cmolc/kg) range, 

although different crops have different ranges of nutrient requirements. It is commonly believed 

that Ethiopian soils contain sufficient K and no deficiency problem for crop production. However, 

several research works of Shimeles (2006), Sintayehu et al. (2006) and Wondwosen and Sheleme 

(2011) revealed that K was deficient in various soil types (Umbrisols, Nitsols and Plinthsols), 

which were subjected to intensive cultivation.   

Exchangeable calcium (Ca) and magnesium (Mg) are the dominant exchangeable cation in many 

soils, except alkaline soil that contain excess Na and acidic soils that contain higher amounts of 

hydrogen and aluminum. Exchangeable Ca and Mg usually account for more than 60% of the 

exchangeable cations of soil at pH 5.5 or higher. The concentration of Ca in the soil varies from 

1% or less (in non-calcareous soils) to 10% or more (in calcareous soils), whereas the content of 
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Mg is about 2.2% in lithospheres (Getahun et al., 2014). However, the contents of Ca and Mg of a 

given soil depend on its parent material, degree of weathering and land use/management practices. 

Similarly, continuous cultivation and inorganic fertilizers application result in declining of soil pH 

and caused loss of basic cations especially soils inherently poor in Ca and Mg sources (Papiernik 

et al., 2007). According to FAO (2006) rating, Exchangeable  Ca
+2

 < 2, 2 – 5, 5 – 10, 10 – 20 and 

> 20, Exchangeable  Mg
+2

 < 0.3,0.3-1.0, 1.0-3.0, 3.0-8.0 and > 8, Exchangeable  K
+
 < 0.2, 0.2 - 

0.3, 0.3 - 0.6, 0.6 - 1.2, and >1.2, Exchangeable  Na
+
 < 0.10, 0.1-0.3, 0.3 - 0.7, 0.7 - 2.0 and > 2.0 

for very low, low, medium, high and very high, respectively.  

2.3.7. Percent base saturation (PBS) 

The percent base saturation (PBS) as much as a measure of the actual percentage of cation 

exchange sites occupied by exchangeable bases. It is influenced by the pH of the CEC 

determination denominator includes oxide mineral complex between the initial soil pH and the 

reference pH (7.0 or 8.2) (Bohn et al., 2001). According to the author, since neither the content of 

exchangeable Al nor exchangeable H
+
 is appreciable above pH 5.5, the effective CEC of the soil 

above this pH should be essentially 100% base saturated. However, soils in the pH range of 5.5 to 

7.0 or 8.2 generally still have measured base saturations well below 100%. Such base saturation 

values are particularly low for minerals that have a high proportion of pH dependent charge, such 

as kaolinite clays.   

 In tropical regions under rainforest, the base saturation in humus-rich top-soils is usually in the 

order of 50-80%, while below the humus-rich layer, it drops very sharply to the levels of less than 

20%. Getachew and Helluf (2007) reported that the PBS values throughout the two soil profiles 

and composite surface soil samples near these profiles described at the Anjeni research substation 

in northwestern Ethiopia were less than 50% than could be due to the intensive cultivation and 

continuous use of in organic fertilizer in the study site that enhanced loss of basic cation through 

leaching, erosion and crop harvest. Hazelton and B. Murphy (2007) set the rating PBS as, 0-20, 20-

40, 40-60, 60-80 and >80 for very low, low, medium, high and very high, respectively.  
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  2.4. Conservation Practices in Ethiopia 

Soil and water conservation (SWC) measures adapted well to the local conditions and protected 

the soil from being eroded. Eleni (2008) also indicated that introduced soil and water conservation 

measures were widely acknowledged as being effective measures in reducing soil erosion and as 

having the potential to improve land productivity. Physical and biological soil conservation 

measures and soil fertility improvement activities implemented in Ethiopia conserved the soil and 

improved soil fertility (Safene et al., 2006). Stone bunds are generally quite common in Ethiopia 

and stone bunds contribute to agricultural productivity due to its moisture conserving role (Kassie 

et al., 2008). 

2.4.1. Effect of conservation practices on soil properties 

Soil erosion is a severe problem in Ethiopia; especially in the highlands where much of the soil 

loss is due to water erosion, and estimated to be 58 % of the total soil loss in the country (Tesfahun 

and Osman, 2003). A soil and water conservation measure is fundamental to minimize soil and 

nutrient loss through application of system compatible soil conservation measures. To mitigate 

land degradation problems in Ethiopia, the government has taken different soil and water 

conservation measures. Soil conservation in Ethiopia is therefore not only closely related to the 

improvement and conservation of ecological environment, but also to the sustainable of its 

agricultural sector and its economy at large. Soil and water conservation technologies were 

implemented since the mid 1970’s in Ethiopia.  Chemical properties of soils change within 

management. Good management enhances soil fertility while improper management may damage 

the soil environment irreversibility. Soil management practices influence the soil nutrients and 

related soil processes, such as erosion, oxidation, mineralization and leaching etc (Liu et al., 2010, 

Celik, 2005); as a result, it can modify the processes of transport and re-distribution of nutrients.  

Conservation practices have played an important role in the highlands.  Overgrazing due to very 

high livestock population density in the Amhara region is expected to contribute most to land 

degradation. Another very important factor that agravated land degradation in the Ethiopian 

highlands is deforestation.  

Deforestation accelerated land degradation. Overexploitation of land resources without returning 

the basic nutrients to the soil is also important factor that contributed most for soil fertility decline 
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in the region. Mulugeta and Karl (2010) and Yihenew et al. (2009) reported that soil under non-

conserved treatment was found to exhibit higher soil bulk density than treatments by SWC 

structures. The conservation practices mitigate the adverse effects of earlier land resource misuse 

which exposes the soil for maximum degradation. It maintains the fertility status of a soil; where 

pressure from the high populations is severe and where the destructive consequences of upland soil 

degradation are being felt in far more densely populated areas found in the downstream (Legese, 

2008).  Soil conservation activities can change the physical conditions of soil like Soil OM 

content, soil structure, water holding capacity, soil bulk density, soil porosity, soil pH and its 

workability (Gete, 2000).   

Mulugeta and Karl (2010) reported that the land with physical SWC measures have high total N as 

compared to the non-conserved land. Million and Kassa (2004) found that the TN content of the 

terraced site was higher than the TN contents in the corresponding non-terraced sites. The lower C 

inputs because of less biomass return on free grazing lands caused the reduction of Soil OM and 

TN. The most evident impacts of grazing are the removal of a major part of above ground 

biomasses by livestock that decrease the input of above ground litter to the soil.   Soil OM and TC 

contents under closed area with SWC were higher than the contents under closed area with and 

without SWC were higher than in adjacent grazing land which may be due to the higher 

accumulation of organic materials as a result of increased biomass. Dereje et al. (2004) reported 

that inputs from the vegetation can have a positive impact on the organic carbon concentration in 

to the soil system. Soil OM and soil nutrient under area closure are different compared to the 

adjacent free grazing lands. Yihenew et al. (2009) and Kebede et al. (2011) reported that the non-

conserved fields had lower Soil OC as compared to the conserved fields with different 

conservation measures.  

Indigenous stone bunds (Kab) have increased soil fertility and productivity compared to other non-

conserved land in the high lands of Ethiopia (Alemayehu et al., 2006). Kato et al., (2011) indicated 

that stone bunds, soil bunds and grass strips have a robust and positive output on crops in the low 

rainfall areas of the Blue Nile basin in Ethiopia and high risk reducing effects in high rain fall 

areas.   



16 
 

3. MATERIALS AND METHODS 

   3.1. Description of the Study Area 

3.1.1. Location 

Anjeni is located at geographical coordinate of latitude 10
0
 40’N and longitude 37

0
 31’E. It is 

bordered by the Debre Markos- Bahir Dar road, 15 km north of Dembecha town on the rural road 

to Feres Bet and 65 km NW of Debre Markos (Ludi, 2004). In administrative terms, Anjeni lies 

within Dembecha district of West Gojjam Administrative Zone, Amhara National Regional State 

(Figure 1). Anjeni Peasant Association covers an area of 575 ha and comprises of SWC Research 

Unit with the exception of a small area that belongs to the Jenhala Peasant Association. The 

research site in Minchet catchment, which was established in March 1984 by soil conservation 

research program, covers an area of 108.2 ha but the size of the hydrological catchment is about 

113.4 ha (SCRP, 2000) 
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3.1.2. Topography 

The mean altitude of Anjeni area varies between 2,100 and 2,500 m.a.s.l. Anjeni is located at the 

foot of an isolated mountain massif, the Choke Mountains. Besides, the topography of Anjeni is 

typical of Tertiary volcanic landscapes; it has also been deeply incised by streams, resulting in the 

current diversity of land forms (SCRP, 2000; Ludi, 2004).               

   3.1.3. Climate 

Agroclimatically, Anjeni area is grouped under Wet Weyna Dega. It is characterized by a unimodal 

rainfall. Two main seasons characterize the study area. The first one is the long rainy season in 

summer, which lasts from May to September and locally known as kiremt. The kiremt season is 

primarily controlled by the seasonal migration of the Inter Tropical Convergence Zone (ITCZ), 

which lies to the north of Ethiopia at that time. The second is the dry period, which extends 

between October to April and locally known as Bega. In Bega the ITCZ lies to the south of 

Ethiopia when the north easterly trade winds traverse Arabia dominates the region. The Bega 

season is known as the main harvest season in the area, Agro-climatically, Anjeni micro-watershed 

is grouped under Wet Weyna Dega. It is characterized by a unimodal rainfall. It receives rainfall 

only from May to mid-September (SCRP, 2000).  

According to monthly rainfall distributions, Anjeni area is commonly known as having relatively 

longer growing period from June to September.  The rainfall distribution during this period varies 

between 240.18 and 398.20 mm with a peak rainfall in August (Figure 2). This period is 

contributing about 77% of the annual rainfall whereas about 12% of the annual rainfall is coming 

from May to October. The temperature data from Anjeni Soil and Water Conservation (SWC) 

research indicates that the lowest daily air temperature is 0 
0
C while the highest is 30 

0
C. February 

is the warmest month with mean monthly minimum and maximum air temperature of 7.8 
0
C and 

27.2 
0
C, respectively. The highest absolute mean monthly air temperature is in April and May. 

August as the coldest moth has a mean monthly minimum and maximum air temperature of 10.4 

0
C and 19.4 

0
C, respectively. The all year averages of mean annual minimum and maximum air 

temperatures are 9.03 
0
C and 25

 0
C (Figure 2). 
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Figure 1. Climatic condition in Anjeni area (2010-2018) from a nearby weather station at    Anjeni 

station 

3.1.4. Soils 

The upper Blue Nile basin is mainly formed from clay and clay-loam texture, but the river bed has 

loam and sandy-loam textured soil. As part of upper Blue Nile basin, the Anjeni watershed soil is 

also more of clay and clay-loam texture which is mainly belongs to the basaltic trap series of 

Tertiary volcanic eruptions. The dominant soil types in the watershed include Alisols and Nitsols 

(locally known as silehana) located at the major mid-slope positions. It is reddish-brown and 

popular especially for tef crop production. Nitosols (locally, dewel) located in the upper part of the 

watershed. This is a very deep, well-drained red clay loam soil. This is considered as the most 

productive soil type in the watershed. According to FAO (2006), the valley floor and depressions 

of the foothills in the catchment are predominantly covered with deep, well-weathered Alisols 

(41% of the area).  

Moderately deep red Nitosols (23.8%) cover transitional, gently sloping (convex to linear) zones of 

the catchment. The high, steepest elevations, with mainly convex shapes, are covered with very 

shallow Regosols and Leptosols (12.4%). They are probably derived from Nitosols in the 

truncation process of soil erosion. The hill top of the catchment and partially the medium steep 

area of the slope are covered with moderately deep young Dystric Cambisols (19%). These soils 
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are transitional soils` with a less developed B-horizon, and again probably truncated by soil 

erosion in the recent past. Small pockets of Luvisols, Lixisols and Acrisols can also be found in the 

catchment. The soils of Anjeni are generally acidic and low in organic carbon content. 

3.1.5.   Land use types 

The land use map of Anjeni area indicating that 36% of the land is cultivated for field crops, 

legumes and vegetables, 36% of the watershed is pasture land and 28% of the watershed is forest 

land. Natural vegetation has almost disappeared in Anjeni area, although some bushes and woody 

trees can still be observed. These include Hagenia abyssinica (Koso in Amharic), Bamboo 

(Kerka), Rubus aretalus (Enjor), Schefflera abyssinica (Getem), Augaria salicifolia (Koba), 

Polystacha (Anfar), Erythrina tomentosola (Homa), Embelia schimperia (Enkok), Bersama 

abyssinica (Azamer) and Rosa abyssinica (kega) (Gete, 2000). Farmers of Anjeni area are leading 

their life with subsistence farming. They make use of both traditional and introduced conservation 

measures to enhance the fertility of their farm plots. The land around the research unit which is 

part of the Blue Nile river basin is almost exclusively used for traditional agricultural purposes, 

primarily crop production and cattle raising (Gete, 2000). In Anjeni, major crops grown are barley, 

Teff, wheat and maize as grains, lupine (gibbto) and beans as pulses, plus linseed. In addition, 

minor parts of the cropped area are cover with oil seeds (Nug). 

3.2. Soil and Water Conservation Practice in the Watershed 

 Anjeni watershed is known by its soil and water conservation practices, established by Soil 

Conservation Research Program (SCRP). The Soil Conservation Research Program is funded by 

the Swiss Agency for Development and Cooperation (SADC) and the Government of Ethiopia. 

The implementing agency is the Ethiopian Ministry of Agriculture. The executing agency is the 

Centre for Development and Environment, Institute of Geography, University of Berne, 

Switzerland.  Anjeni Research Station is established in March 1984 as the fifth SCRP research site. 

Situated in the Gojam Highlands in north-western Ethiopia, the catchment lies at a favourable 

altitude and has optimum climatic conditions. Consequently, it is intensively cultivated; there are 

practically no fallow periods, and present soil and sediment loss rates are extremely high. The 

population pressure is high in the area, and population density is already considerable (SCRP, 

2000). A new soil conservation technology and approach is  introduce in Anjeni, first in a small 
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area outside the catchment in 1985, then in the whole catchment from February to April 1986 (Soil 

Erosion and Conservation Data base, 2000). In Anjeni watershed, the mechanical based type of 

terrace is used as the SWC practices.  

There are different types of soil and water conservation technologies (terraces) employed in the 

Anjeni watershed of Gojam, Ethiopia. Some are well recognized and have formed the basis of 

much of the research on soil conservation whilst others are less well known and are adapted by 

farmers to their local environmental conditions. Each conservation technology is suitable for 

certain characteristics of land (slope, soil type, availability of stone), climate and farming system. 

Among these, graded Fanya Juu, graded bunds, and grass strips are the common ones. 

3.3. Site Selection 

For this study, Anjeni watershed is purposively selected, because, the watershed is seriously 

affected by rill and gully erosion due to poor land management. And also it contains important 

land features that makes it a representative watershed of the surrounding area especially the 

highland and midland of Gojam and has uncomplicated landscape, which is simple to understand 

as many of the surface features. The watershed contains different land use types, and SWC 

practices.  

Therefore, three land use types (cultivated land, grazing land and plantation forest) and two 

practices (conserved and unconserved areas) were selected. Conserved cultivated land is having 

different physical SWC structures and biological conservations like soil and stone faced soil bund, 

plantation of grass species and legumes like sesbania and trilucern. Plantation forest is mainly 

covered by Eucalyptus camaldulensis and the grazing land has stone bund with some plantation 

grasses species plus free from grazing. However, non-conserved land use types were not conserved 

by any physical and biological soil and water conservation (SWC) practices. Therefore, the area is 

suitable to conduct this study. 
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3.4. Experimental Design, Soil Sampling and Preparation 

The experiment was laid out in the randomized complete block design (RCBD) with two factors (3 

land uses*2 practices) *3 replication with a total of 18 observations per parameter were taken and 

considered as factors of the study (Table 1).  

Table 1 .Treatment combinations of land use types and conservation practices and number of 

samples in the study area. 

 

No 

 

Land use type 

Conservation practices  

Total composite sample Conserved Unconserved 

1 Plantation forest 3 3 6 

2 Cultivated land 3 3 6 

3 Grazing land 3 3 6 

Total  9 9 18 

To obtain each composite soil sample 10-15 sub samples were taken depending on the 

heterogeneity of specific site. The collected soil samples were taken at the center of two successive 

bunds. Both undisturbed and disturbed soil samples were taken from topsoil (0-20 cm) from each 

land use types within two practices. Then, undisturbed soil samples were taken to measure the soil 

bulk density whereas the disturbed soil samples were taken by using auger to measure the selected 

physicochemical properties. All sampling points were georeferencel with Global Positioning 

System (GPS). Clinometers were used to measure uniform slope in (%) of soil sampling sites. 

Each composite soil samples were carefully prepared by separating others unwanted gravel soil, 

plant and animal residues from the soil samples. After that composite soil samples were put into 

plastic bags, labeled and brought to soil laboratory for analysis. Then composite soil samples were 

air-dried, crushed, and passed through 2 mm sieve for all soil parameters except for organic carbon 

and total nitrogen (N) which passed through 0.5 mm sieve. Finally, the composite soil samples and 

analyzed based on standard soil analysis methods and procedures. 
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3.5. Soil Laboratory Analysis 

The soil physical and chemical property was carried out at Gonder Soil Testing Laboratory and 

Debre Berhan Agricultural Research Center. Soil texture was analyzed by determining the 

percentage of sand, silt and clay in each soil sample by following Bouyoucos hydrometer method 

(Van Reeuwijk, 1992). The bulk density of the soil was determined by the undisturbed core 

sampling method (Black, 1965).  Total porosity was estimated from the values of bulk density 

(BD) and particle density (PD) by assuming particle density is 2.65 g/cm
3)

. Hence, total porosity 

(%) = (1-BD/PD)*(100) %. 

Soil pH was measured in an aqueous soil extract in distilled water (1:2.5 soil: water) using a pH 

meter (glass–calomel combination electrode) as described in Rhoades (1982). To determine OC, 

the Walkley and Black (1934) method was used in which the carbon was oxidized under standard 

conditions with potassium dichromate in sulfuric acid solution. Finally, the organic matter content 

of the soil was calculated by multiplying the organic carbon percentage by 1.724 following the 

assumptions that OM is composed of 58% carbon i.e. 100/58.The total N content in soils was 

determined using the Kjeldahl procedure by oxidizing the organic matter with sulfuric acid and 

converting the nitrogen into NH4
+
 as ammonium sulfate (Jackson, 1958).  

Available P was determined using the standard Olsen extraction method (Olsen et al., 1954). 

Exchangeable cations (Ca
+2

, Mg
+2

, K
+
 and Na

+
) were determined after extracting the soil samples 

by ammonium acetate (1N NH4OAc) at pH 7.0. Exchangeable Ca
2+

 and Mg
2+

 in the extracts were 

analyzed by using atomic absorption spectrophotometer (AAS), while Na
+
 and K

+
 were analyzed 

by flame photometer (Rowell, 1994). Cation exchange capacity was estimated titrimetrically by 

distillation of ammonia that displaced by sodium (Chapman, 1965). Percent base saturation was 

calculated by dividing the sum of the charge equivalents of the base-forming cations (Ca
+2

, Mg
+2

, 

K
+
 and Na

+
) by the CEC of the soil and multiplying by 100. 

3.6. Data Analysis 

The collected data were grouped and summarized according to land use types and conservation 

practices. The data obtained from the soil laboratory analysis were subjected to analysis of 

variance (ANOVA). The effect of land use types and conservation practices on soil physical and 

chemical properties were tested by SAS (Statistical Analysis System) version 9.4 software 
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packages (SAS Institute, 2013). For statistically different parameters at probability 5% (p ≤ 0.05), 

mean separation for each parameter was made by using Duncan Multiple Range Test (DMRT). 

Moreover, simple correlation analysis was carried out to determine the relationship between 

selected soil physico-chemical properties. 
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4. RESULTS AND DISCUSSION 

4.1. Selected Soil Physical Properties under Different Land Use Types and Conservation    

practices 

4.1.1. Particle size distribution 

According to the results of analysis of variance (ANOVA) clay particle were significantly 

influenced (p ≤ 0.05) the main effects of land use types and conservation practices (Table 2).  

Under the main effect of land use types, the mean value of clay was higher (40.72%) in 

plantation forest while lower (37.71%) under both cultivated land and grazing lands (Table 2). 

This is agreement with Teshome et al. (2013) indicated the reason for high clay in surface 

layers is due to highest plant residue. Under the main effect of conservation practice, the mean 

value of clay was higher (42.49%) in conservation land while lower (34.94%) under 

unconserved land. This could be due to the fact that soil conservation activities can change the 

physical conditions of soil like soil structure, water holding capacity, soil porosity and its 

workability and also the presence of significantly higher OM resulted from conservation 

measures and decay of plant residues. Similar result was reported by Yihenew et al. (2013).  

There was significantly influenced (p ≤ 0.05) by the interaction effects of land use types, and 

conservation practice (Table 3) The mean value of clay fraction was highest (45.38%) under 

the conserved plantation forest while lowest (34.05%) was recorded under the unconserved 

grazing land (Table 3). Under sparser vegetation covers, the clay fractions are likely to be lost 

by erosion and move down along the soil profile (Woldeamlak, 2003). In unprotected lands, 

the finer soil particles would be selectively removed by erosion, thereby increasing the 

proportion of the coarser particles in the soil which leaves more sand particles. In line with 

this, Mulugeta (2004) and Belayneh (2009) reported that deforestation, continous cultivation 

and intensive grazing change soil texture by aggravating soil erosion. 

There was significant difference (p ≤ 0.01) under the main effect of land use types and 

conservation practices (Table 2).  The mean value of silt fraction was higher (31.28%) in 

cultivated land while lower (26.61%) under plantation forest. Soil particle sizes considered as 

one of inherent physical properties of soil. However, it could vary in different land use systems 
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(Mohammed et al., 2005).  The mean value of silt fraction was higher (31.28%) under 

conserved land while lower (27.50%) under unconserved land. However, Demelash and Stahr 

(2010) and Mengistu et al. (2015) found that the silt content was high in non-conserved rather 

than conserved land.  

There was significant difference in percentage of silt content (p ≤ 0.05) as a result of 

interaction effect of land use types and conservation practices (Table 3). The mean value of silt 

fraction was higher (32.61%) in unconserved cultivated land while lower (22.61%) under 

conserved plantation forest. This is due to the effect of land use types and conservation 

practice. 

There was significant difference (p ≤ 0.05) under the main effect of land use types (Table 2). 

The mean value of sand fraction was higher (32.66%) under grazing land while lower 

(31.00%) under cultivated land. This may be due to the trampling effect of grazing animals that 

results soil compaction which in turn become the cause for the export of finer clay and silt 

particles through erosion (Fatwa et al., 2008).  

There was significant difference (p ≤ 0.001) under the main effect of conservation practices 

(Table 2). The mean value of sand fraction was higher (33.77%) under unconserved land while 

lower (30.00%) under conserved land. In unprotected lands, the finer soil particles were 

selectively removed by erosion, thereby increasing the proportion of the coarser particles in the 

soil which leaves more sand particles. In line with this, Mulugeta (2004) and Belayneh (2009) 

reported that deforestation and intensive grazing change soil texture by aggravating soil 

erosion. In general, soils in plantation forest had clay texture while the cultivated and grazing 

lands had clay loam texture. This could probably be attributed to the selective removal of clay 

particles by erosion leaving the sand particles in the crop and freely grazed land.  

According to the results of analysis of variance (ANOVA) revealed that there was significant 

different (P ≤ 0.01) on the sand particles under interaction effect of land use types and 

conservation practices (Table 3). The mean value of sand fraction was higher (35.33%) in 

unconserved grazing land while lower (28.66%) under conserved grazing land. This could 

probably be attributed to the selective removal of clay particles by erosion leaving the sand 

particles in the crop and freely grazed land (Woldeamlak, 2003).   
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 4.1.2. Bulk density 

There was significantly different (p ≤ 0.05) under the main effect of land use types (Table 2).  

Considering the main effects, the highest mean value of bulk density (1.37 g/cm
3
) was recorded on 

the cultivated land whereas the lower bulk density mean value was recorded under plantation 

forest (1.34 g/cm
3
) (Table 2). Relatively, the highest bulk densities observed on the cultivated land 

soils than that of plantation forest. This is due to continuous exposure of the soil surface to the 

direct impact of rain drop and long period of continuous cultivation cause soil compaction through 

disintegration of the soil structure which in turn contribute to the increment of bulk density. This 

effect will be further aggravated by the low OM content of the cultivated land which has a positive 

effect in improving soil structure and aggregate stability. This study was in agreement with that of 

Islam and Weil (2000) and Evrendilek et al. (2004) who reported that the higher bulk density was 

found under the cultivated land because of the intensive tillage practices which may temporarily 

loosen the tilled soil layer and in the long term leads to compaction and causes increment of bulk 

density. In addition, the smallest OM content available in the cultivated land soils also contributes 

to the highest bulk density. Besides, the density of OM is very low as compared with mineral soil 

particles and hence highest OM content results in lower bulk density in soils of plantation forest.   

There was significantly different (p ≤ 0.001) under the main effect of conservation practices (Table 

2). Under the main effect of conservation practices, the higher mean values of bulk density (1.46 

g/cm
3
) were recorded under unconserved lands (Table 2). The higher bulk densities were observed 

in unconserved areas might be the removal of OM and clay particles by soil erosion. This result is 

in agreement with that of Mulugeta and Karl (2010) and Yihenew et al. (2009) who observed that 

soil under non-conserved treatment was found to exhibit higher soil bulk density than treatments 

by SWC structures. Soil and water conservation practices increase vegetative covers, reduces 

overland velocity and improve soil physical and chemical properties (Tesfaye et al., 2011).  

The soil bulk density value was significantly different (p ≤ 0.05) due to the interaction effect of 

land use types and conservation practice (Table 3) The mean value of bulk density was highest 

under unconserved cultivated land and unconserved grazing land (1.5 g/cm
3
) while lowest under 

conserved plantation forest (1.23 g/cm
3
). High bulk density values in unconserved cultivated land 

and unconserved grazing land might be due to the result of excessive livestock trampling and 
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continuous shallow depth cultivation and low organic matter input. This result was in line with the 

works of Islam and Weil (2000), Woldeamlak (2003), Mulugeta (2004) and Yihenew and 

Getachew (2013). The reason for the lowest soil bulk density on the forest land could be due to the 

higher clay content and accumulation of organic matter. Similarly, less disturbance of the land 

unlike other land uses could be the other reason (Basaran et al., 2006). As per rating of soil BD by 

Hazelton and Murphy (2007), the soil BD of the study area under conserved land, conserved 

grazing and plantation forest land and conserved cultivated land was rated as low whereas the BD 

values of grazing land, planation forest, cultivated land, unconserved land, unconserved grazing 

land, unconserved plantation forest and unconserved cultivated land rating as Moderate in the 

study area.    

 4.1.3. Total porosity 

There was also significantly influenced (p ≤ 0.05) by the main effect of land use types (Table 2). 

The highest total porosity was found under plantation forest (49.12%) while the lower total 

porosity was recorded under cultivated land (48.19%) (Table 2). Wakene and Heluf (2004) 

revealed that the lowest and the highest total porosities were observed in the land cultivated for 

many years and the non-cultivated lands, respectively. This result indicated that the conversion of 

forest land to crop land accompanied by intensive cultivation without appropriate soil 

management caused a declining pattern of total porosity of the soil. The higher total porosity 

under the soils of conserved land may be attributed to the relatively lower animal trampling while 

lowest porosity is the result of higher animal tracking. A decline in total porosity were  attributed 

to a reduction in pore size distribution and it is also closely related to the magnitude of soil OM 

loss which depends on the intensity of soil management practices (Achalu et al., 2012).  

There was also significantly influenced (p ≤ 0.001) by the main effect of conservation practices 

(Table 2). Relatively, the higher total pore space was found in conserved land (52.51%) while the 

lower was found under unconserved land (44.95%) (Table 2). The decline in total porosity in 

unconserved land is duo to attribute to a reduction in pore size distribution and it is also closely 

related to the magnitude of soil OM loss which depending on the intensity of soil management 

practices this work is in line with (Achalu et al., 2012).  
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The total porosity of soil was significantly (P ≤ 0.05) affected by the interaction effect of land use 

types and conservation practice (Table 3) the higher value (53.34%) was recorded under the 

conserved plantation forest while the lower value (44.65%) was recorded under the unconserved 

cultivated land. This is due to the high content of OM under conserved plantation forest which has 

the capacity to improve soil structure and soil pore spaces. On top of this, the conserved plantation 

forest is free from the effect of animal trafficking. Higher total porosity can make the soil workable 

and would have favorable plant rooting conditions which include soil strength, water and nutrient 

movement, soil aeration (Lanyon and Hansen, 2004).  

Table 2. Main effect of land use types and conservation practices on the selected soil physical 

property 

 

                       Particle size distribution (%)                   BD (g/cm
3
)      Total poresity (%) 

Land use  

 Factors     Clay  Silt  Sand  BD TP   

Grazing land 37.71
b
 30.28

a
 32.66

a
 1.35

a
 48.81

a
 

Planation forest 40.72
a
 26.61

b
 32.00

a
 1.34

b
 49.12

a
 

Cultivated land 37.72
a
 31.28

a
 31.00

b
 1.37

a
 48.19

a
 

 P- Value * ** * * *  

                                           Conservation practicse 

 
 

 

 

Conserved        42.49
a 

31.28
a 

30.00
b 1.25

b 
52.51

a 

Unconserved        34.94
b 

27.50
b 

33.77
a 

1.46
a 

44.95
b 

P- Value *** ** *** *** *** 

CV (%)  3.85  9.16  4.98  3.60   3.78 

* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P<0.001; 

BD=Bulk Density, TP = Total Poresity, CV = Coefficient of Variation; P = Probability. 
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Table 3.Interaction effect of land use types and conservation practices on selected soil physical 
property 

 

Factors Clay (%) Silt (%) Sand (%) BD (g/cm
3
) TP (%) 

Gl*Co 41.38
b
 29.94

a
 28.66

d
 1.26

b
 52.45

a
 

Gl*Unco 34.05
c
 30.61

a
 35.33

a
 1.5

a
 45.16

b
 

Pf*Co 45.38
a
 22.61

b
 32.00

bc
 1.23

b
 53.34

a
 

Pf*Unco 36.05
c
 30.61

a
 33.33

ab
 1.44

a
 44.91

b
 

Cl*CO 40.72
b
 29.94

a
 29.33

cd
 1.28

b
 51.73

a
 

Cl*Unco 34.72
c
 32.61

a
 32.66

ab
 1.5

a
 44.65

b
 

P-value   *    *    **    *    * 

CV (%) 3.85 9.16 4.98 3.60 3.78 

* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P ≤ 0.001; Co 

= Conserved; Uco = Unconserved; Pf = Plantation forest; Gl = Grazing land; Cl = 

Cultivated land; CV = Coefficient of Variation; P = Probability. 

4.2. Selected Soil Chemical Properties under Different Land Use Types and Conservation 

practice 

  4.2.1. Soil pH 

There was significantly influenced (p ≤ 0.01) by the main effect of land use types but it was not 

significantly (p >0.05) affected by the main effect of conservation practice (Table 4).  Considering 

the main effect of land use types, the highest soil pH (5.82) value was recorded under grazing land 

whereas the lowest value of soil pH (5.56) was recorded under cultivated lands (Table 4). As a 

result, soil pH decreases with increasing number of years in cultivation while almost all groups of 

soils tend to be slightly leached and become acidic which results in declining soil chemical fertility 

(Jaiyeoba, 2003). Similarly, Zougmore et al. (2002) found that under continuous cropping system 

soil acidity increases due to the gradual replacement of basic cations by aluminum. The other 

reason could be higher microbial oxidation that produces organic acids, which provide H
+
 to the 

soil.    

Soil pH was significantly influenced (p ≤ 0.01) by the interaction effect of land use types and 

conservation practice (Table 5) The highest (6.03) and the lowest (5.48) soil pH was recorded 

under the conserved grazing land and the unconserved cultivated land, respectively (Table 5). 
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Continuous cultivation practices, excessive precipitation and application of acid forming inorganic 

fertilizer are responsible for the reduction of pH in the unconserved cultivated land. Mohammed et 

al. (2005) also reported that the lowest value of pH under the cultivated land could be due to the 

depletion of basic cations in crop harvest and leached to streams in runoff generated from 

accelerated erosions.  As per rating of soil pH by Tekalign (1991), the soil pH of the study area 

under grazing land, cultivated land, and plantation forest land, conserved and unconserved land 

was rated as moderately acidic whereas the pH values of unconserved cultivated land were in the 

range of strongly acidic. Even though there was no statistical significant difference, the mean value 

of pH across the conservation practices showed numerical variation. 

4.2.2. Soil organic matter 

Soil OM was significantly (p ≤ 0.05) influenced by the main effect of land use types and 

conservation practices (Tables 4). Soil OM content was highest (3.51%) under the plantation forest 

land and lowest (2.27%) under the cultivated land. The result was in agreement with that of 

Yihenew and Getachew (2013) who reported that lowest OM was registered in cultivated land and 

highest in the plantation forest. The higher amount of OM in the forest land could be associated 

with greater concentration of grass roots and detrital inputs of grass litter into the layers under the 

forest. It has been reported that about one third of the total OM gets the accumulation of grass 

roots and grass litter (Maharjan 2010). Accordingly, the higher mean value of soil OM content was 

recorded under conserved areas (3.24%) while the lower mean found in the unconserved areas 

(2.51%) (Table 4). The conserved areas which have bunds stabilized by vegetation and are free 

from free grazing, have higher OM levels than that of the non-conserved lands. The result agrees 

with the findings of Tadele et al. (2014) who reported that the variations in mean value of OM 

could have attributed to the effect of management practices implemented and biomass 

accumulation.  

Soil OM was significantly (p ≤ 0.05) influenced by the interaction effect of land use types and 

conservation practice (Tables 5). The highest value was recorded under the conserved plantation 

forest (4.01%) while the lowest value recorded under unconserved grazing land (2.23%). The 

higher amount of plant litters and the minimum removal of plant materials both by animals and the 

community under the conserved plantation forest results in the higher accumulation of OM.  
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Therefore, based on classification clue cited by Tekalign (1991), soil OM of study area was 

belonged to medium rate such as plantation forest land, grazing land, conserved land, conserved 

grazing land, conserved plantation forest, unconserved plantation forest while cultivated land , 

unconserved land, grazing unconserved, conserved cultivated  and unconserved cultivated land 

were rated as lower. 

   4.2.3. Total nitrogen 

The results indicated that the total nitrogen was not significantly (P > 0.05) affected by land use 

types, conservation practices and their interaction (Tables 4 and 5). Accordingly, the mean value of 

total N was highest under plantation forest (0.13%) and lowest in cultivated land (0.076%). The 

results were similar with the reports of Yihenew and Getachew (2013), the total N contents in soils 

of forest land were highest, while on cultivated and grazing lands were low. The higher TN value 

(0.12%) was recorded under conservation practices while the lower value (0.08%) was recorded 

under unconserved land (Table 4). This is due to the effect of conservation practices, plantation 

forest have the capacity to improve soil properties and This is due to low value of total nitrogen 

could be due to the fact that the area is moist (not arid) and this may cause leaching of nitrogen in 

the soil.  This could contribute to the slower decomposition of organic matter which is the main 

source of nitrogen. The relatively lower TN value found from unconserved land may be explained 

erosion due to lack of barriers for the removal of TN from the area.  

Even though there was no statistical significant difference, the mean value of TN across the land 

use types and conservation practices showed numerical variation which could be due to the rapid 

losses of N in the study area (Tadla et al., 2019). According to the rating of total N by Tekalign 

(1991), the total N in the study area was in a medium rate under grazing land, cultivated land, 

unconserved land, unconserved grazing, unconserved plantation forest conserved and unconserved 

cultivated land    while it was rated as high in the plantation  forest land, conserved land, conserved 

grazing land and conserved plantation forest. 
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4.2.4. Available phosphorus 

The results indicated that the Av.P contents of the soils was significantly (p ≤ 0.001) affected by 

the main effects land use types (Tables 4).  The highest Av.P was recorded under cultivated land 

(13.81 mg kg
-1

) while the lowest recorded in grazing lands (5.42 mg kg
-1

) (Table 4).  

The results obtained from this study are in agreement with that of Ahmed (2002) who observed 

that the lowest concentration of Av.P was found under the grazing land and highest Av. P found 

under cultivated lands. Highest Av.P in the cultivated land is due to the continuous application of P 

containing fertilizers.  

The results indicated that the Av.P content of the soils was significantly (p ≤ 0.05) conservation 

practices (Table 4).  The highest mean value of Av.P was recorded under conserved land (9.02 mg 

kg
-1

) while the lowest mean value (8.07 mg kg
-1

) was recorded in unconserved lands (Table 4). 

Reduction in the available P status of unconserved land is due to greater removal of nutrient 

bearing soil fractions through erosion and runoff process as suggested by Islam and Weil (2000). 

Moreover, the continuous intensive grazing by the livestock leaves very less opportunity for the 

addition of plant litter and its mineralization in the soils.  

Therefore, the available P content in soils, which is largely governed by the mineralization of 

organic-P fraction, will tend to be low at any particular time under low organic matter soils 

(Stephen et al., 2014).  This agrees with the findings of Worku et al. (2012) who confirmed that 

Av.P concentrations in farm plots with soil conservation structures were found to be significantly 

higher than in the adjacent unconserved land.  

Av.P contents of the soils was not significantly (p > 0.05) affected by their interaction (Tables 5). 

per the ratings of available P by Olsen et al. (1954), the available P of the soil under this study was 

rated  low in the grazing land, plantation forest, unconserved land, conserved and unconserved 

grazing land and conserved and unconserved plantation forest whereas cultivated land, conserved 

land  and both conserved and unconserved cultivated land   was rated as Moderate. This is due to 

the continuous application of P containing fertilizers. Wakene (2001) reported similar results with 

this study, the high concentration of Av.P was found under cultivated lands as compared with other 

land use types.   
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Table 4. Main effect of land uses and conservation practices on selected soil chemical properties 

                                 pH (H20)                   OM (%)                     TN (%)          Ava.P (mg kg
-1

)   

  Land use   

Gr   Grazing land 5.82
a
 2.85

ab
  0.11 5.42

b
  

Plantation forest 5.75
ab

 3.51
a
  0.14 6.41

b
 

C    Cultivated land 5.56
b
 2.27

b
  0.07 13.81

a
 

P-    P-value ** * NS *** 

Conservation practice 

Conserved  

Non-conserved 

        5.77 

        5.64 

         3.24
a
 

         2.51
b
 

           0.12 

           0.08 

           9.02
a
  

            8.07
b
 

P-values         NS           *             NS              * 

CV (%)         2.73          28.36           37.59             13.88 

NS=Not Significant * = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant 

at P ≤ 0.001; Av.P = Available Phosphorus; TN = Total Nitrogen; OM = Organic Matter; CV = 

Coefficient of Variation; P = Probability.  

Table 5. Interaction effect of land use types and conservation practices 

Treatments            pH (H20)                OM (%)                TN (%)             Ava.P (mg kg
-1

)   

Gl*Co 6.03
a
 3.46

ab
  0.13 7.06 

Gl*Uco 5.61
bc

 2.23
b
  0.08 5.75 

Pf*Co 5.69
bc

 4.01
a
  0.16 6.29 

Pf*Uco 5.64
bc

 3.01
ab

  0.09 4.55 

Cl*Co 5.81
ab

 2.26
b
  0.06 13.91 

Cl*Uco 5.48
c
 2.29

b
  0.08 13.71 

P-value   *   *  NS  NS 

CV (%) 2.73 28.36 37.59  13.88 

* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P ≤ 0.001; NS = 

Not Significant; Av.P = Available Phosphorus; TN = Total Nitrogen; OM = Organic Matter; 

Co = Conserved; Uco = Unconserved; Pf = Plantation forest; Gl = Grazing land; Cl = 

Cultivated land, CV = Coefficient of variation; P = Probability. 
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4.2.5. Cation exchange capacity 

The CEC value was significantly influenced (p ≤ 0.01) by the main effects of land use types and 

conservation practice (Table 6). Considering the main effect of land use type, the highest CEC 

value was recorded under plantation forest (28.52 cmolc/kg) while the lowest (27.47 cmolc/kg) 

value was recorded in grazing land (Table 6). This is due to the high content of soil OM and clay 

content in plantation forest as compared with grazing land. Organic matter particularly plays 

important role in the soil exchange processes because it provides negatively charged surfaces. The 

higher CEC value was recorded under conserved land (28.79 cmolc/kg) while the lower was 

recorded in unconserved lands (27.21 cmolc/kg) (Table 6). This result was in line with Tilhun 

(2015) who reported that the lower CEC in unconserved land is due to the continuous cultivation, 

limited nutrient recycling of dung and crop residue and the presence of relatively higher soil 

erosion.  

The CEC value was significantly influenced (p ≤ 0.01) by the interaction effect of land use types 

and conservation practices (Table 7), The higher CEC value (31.05 cmolc/kg) was recorded under 

the conserved grazing land while the lower value (25.98 cmolc/kg) was recorded under the 

unconserved grazing land (Table 7). This is may be partly due to the continuous accumulation of 

decayed and partially decomposed grass strep and shrub residues, because in conserved grazing 

land have intensive grass, bush and sherbe which are the main source of OM decomposition in to 

the soil.  Similarly, Mulugeta and Karl (2010)) supported the idea that high clay soils can hold 

more exchangeable cations than a low clay containing soils. As per the ratings CEC recommended 

by Hazelton and Murphy (2007), the CEC value of soil were high among the main effect of land 

use types, conservation practice and their interaction. This is duo to clay particle contents in which 

most of the textural class of its soil was clay. 
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4.2.6. Basic exchangeable cations 

Ex.Ca
+2

 was significantly influenced (p ≤ 0.05) by both the main effects land use types and 

conservation practices (Table 6). 

Comparing the main effects of land use types, the highest mean value of Ex.Ca
+2

 was recorded 

under plantation forest (18.80 cmolc/kg) and the lowest (17.46 cmolc/kg) in cultivated land. This 

could be the possibility of the high exchangeable Ca
+2

 were available in plantation forest soil layer 

with an abundance of plant residues than other land use types.  This is parallel with the work of 

(Yihenew et al., 2013). In their findings, they revealed that the exchangeable Ca
+2

 contents of soil 

were higher on the plantation forest due to the association of biological accumulation with 

biological activity and accumulation from plant residues.    

The higher Ex.Ca
+2

 mean value was recorded under conserved land (17.94 cmolc/kg) and the lower 

in unconserved area (16.82cmolc/kg) (Table 6). Gebeyaw (2007) reported that deforestation, 

leaching, limited recycling of dung and crop residue in the soil and erosion have contributed to the 

depletion of exchangeable Ca
+2

, Mg
+2

, K
+
 and Na

+
 and CEC on the unconserved agricultural lands. 

According to the rating of Ex.Ca
+2

 by FAO (2006)  

Exchangeable Ca
+2

 was significantly influenced (p ≤ 0.01) by the interaction effects of land use 

types and conservation practices (Table 7). The higher value of Ex.Ca
+2

 (20.88 cmolc/kg) was 

recorded under conserved plantation forest while the lower value (16.30 cmolc/kg) was recorded 

under the unconserved grazing land (Table 7). In the conserved plantation forest, there is high 

amount of OM that results in the release of Ca
+2

 during the decomposition of the litter falls and 

other residues. In addition, the organic collide (humus) that was formed during the decomposition 

process becomes an important source to hold the cation so that its depletion by erosion will be low. 

On top of this, the conservation practice can minimize the selective removal of the clay particles 

by erosion which in turn increases the clay content and hence there will be high amount Ca
2+

 on 

the exchange sites of the clay colloidal particles. Gebeyaw (2007) reported that deforestation, 

leaching, limited recycling of dung and crop residue in the soil and erosion have contributed to the 

depletion of exchangeable bases on the non-conserved agricultural lands.  
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Exchangeable Ca
+2

 in the study area were high both the main effect of land use types, conservation 

practice but conserved grazing and forest  were  categorized as very high rate. Therefore, by 

standing on this view of point, the study area was characterized by high contents of exchangeable 

Ca, which implies that the presence of calcium carbonate in the soil of study area.   

Exchangeable Mg
+2

 was significantly influenced (p ≤ 0.05) by the main effect of land use types 

(Tables 6). However, the main effect of conservation practice did not have significant effect on the 

exchangeable Mg
+2

. Considering the main effect of land use types,  Ex. Mg
+2

 was highest under 

plantation forest (7.53cmolc/kg) and lowest in cultivated land (6.26 cmolc/kg) (Table 6). This may 

be due to the removal of vegetation cover as a result of human and livestock interference which in 

turn removes the Mg
2+

 present in the plant tissue and also reducing the cation adsorption capacity 

of the soil.  In line with this study, Fatwa et al. (2008) reported that in the top surface soil layer the 

concentration of exchangeable Mg
+2

 was higher in the protected than the open grass land.  

Exchangeable Mg
+2

 was significantly influenced (p ≤ 0.05) by interaction of land use types and 

conservation practices (Tables 7). The higher Exchangeable Mg
+2

 was observed under conserved 

plantation forest (8.20 cmolc/kg) while the lower mean value was observed under unconserved 

cultivated land (5.81 cmolc/kg) (Table 7). As per the ratings of FAO (2006), the exchangeable Mg 

value of soil was high among the main effect of land use types, conservation practice and their 

interaction in the study area. 

 Exchangeable K
+
 was significantly (p ≤ 0.01) influenced by the main effects of land use types and 

conservation practices (p ≤ 0.001) (Table 6). In the main effect of land use types, the higher mean 

value was found under plantation forest (0.52 cmolc/kg) and the lower in cultivated lands (0.46 

cmolc/kg) (Table 6).The highest content in the plantation forest was related to its higher pH value 

compared with the cultivated land. This result is in agreement with Mesfin (2007) who reported 

that high K
+
 was recorded in soils with high pH value. On the other hand, the higher value of 

exchangeable K
+ 

(0.57 cmolc/kg) was under conserved land while the lowest value recorded in 

unconserved land (0.40 cmolc/kg) (Table 6). The observed highest concentration of K
+ 

is under 

conserved   farmland and protected forest land was attributed to the relative pumping of potassium 

from the subsoil by vegetation in the protected forest land (Bohn et al., 2001).  
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There was not significantly influenced (p > 0.05) by the interaction effect of land use types and 

conservation practices (Table 7). The higher Exchangeable K
+
 value (0.54 cmolc/kg) was recorded 

under the interaction effect of conserved, plantation forest while the lower value (0.38 cmolc/kg) 

was recorded under the interaction effect of unconserved, cultivated land (Table 7). The relatively 

lower Exchangeable K
+
 values found from the interaction effect of unconserved, cultivated land. 

This is due to deforestation, leaching, limited recycling of dung and crop residue in the soil and 

erosion has contributed to the depletion of exchangeable bases on the non-conserved agricultural 

lands.  According to ratings of FAO (2006), the Exchangeable K
+ 

value of soil was moderate both  

the main effect of land use types and conservation practice whereas conserved grazing land was 

high rating in the study area. 

Exchangeable Na
+
 was significantly different (p ≤ 0.01) both land use types and conservation 

practices (Table 6). The highest mean value (0.80 cmolc/kg) was recorded under plantation forest 

while the lowest mean value was observed under grazing lands (0.69 cmolc/kg) (Table 6). This 

result was in line with Fatwa et al., (2008).  That the concentration of Na
+
 was lower in cropland 

than in the grazing and native forest. Since the concentration of Exchangeable Na
+
 did not exceed 

(1 cmolc/kg). The higher mean value of Exchangeable Na
+
 was recorded under conserved land 

(0.81 cmolc/kg) and the lower in non-conserved area (0.69 cmolc/kg) (Table 6). This is due to the 

effect of conservation practice which controls of the coming runoff and conserve from leaching of 

neuterant.  

The Exchangeable .Na
+ 

value was not significantly different (p > 0.05) due to the interaction effect 

of land use types and conservation practices (Table 7). This reason might be the exchangeable Na
+
 

is not indicated the significant variation under the interaction of land use types and conservation 

practices. The higher Exchangeable Na
+ 

value (0.85 cmolc/kg) was recorded under the interaction 

effect of conserved, plantation forest while the lower value (0.62 cmolc/kg) was recorded under the 

interaction effect of unconserved, grazing land (Table 7). The relatively lower Exchangeable Na
+ 

values found from the interaction effect of unconserved, grazing land. This is due to deforestation, 

leaching, limited recycling of dung and crop residue in the soil and erosion has contributed to the 

depletion of exchangeable bases on the non-conserved agricultural lands. As per the ratings of 

FAO (2006), the exchangeable Na contents of the study area under grazing land, unconserved land 

and unconserved grazing land were in the range of Moderate rate, whereas the exchangeable Na 
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contents under forest land, cultivated land, conserved land, conserved grazing land and both 

conserved and unconserved plantation forest and cultivated land   was range as high rate.  

4.2.7. Percent base saturation 

The results indicated that the percent base saturation (PBS) was not significantly (P > 0.05) affected 

by the main effect of land use types and conservation practices (Tables 6).  Even though there was 

no significant (P > 0.05) difference in the mean value of PBS across the land use types, 

conservation practices and their interaction, there were numerical variations among treatments.  

The highest mean value of PBS was recorded under plantation forest (83.06 %) while the lowest 

mean value of PBS was recorded under grazing land (81.11%)  (Table6). Furthermore, the 

exchangeable Mg was higher in plantation forest is due to the plant residue and plant 

decomposition this could be attributed to the higher OM observed in the surface soil. On the other 

hand, the relatively low exchangeable Mg observed in the soils of the grazing land this is due to 

due to its continuous animal tracking and animal traffics. This result was agreement with the 

work of (Heluf and Waken, 2006).  

The higher mean value (83.14 %) was recorded under conserved land while the lower (82.41 %) 

was recorded in unconserved land (Table 6). This result may be due to the high clay content, 

exchangeable Ca
+2

 and Mg
+2

 in the soil under conservation practice. Tadele et al. (2016) also found 

a non-significant effect of conservation practice on PBS. 

The results indicated that the percent base saturation (PBS) was not significantly (P > 0.05) affected 

by the interaction effect of land use types and conservation practices (Tables 7). The higher PBS 

value (86.28%) was recorded under the interaction effect of conserved, plantation forest while the 

lower value (79.84%) was recorded under the interaction effect of unconserved plantation forest 

land (Table 7).  This reason might be in agricultural soils, the exchangeable bases readily decreased 

showing the declining dominance of basic cations in the exchange complex of the soil colloids and 

this result is in agreement with the findings of Jaiyeoba (2003).  According to ratings of Hazelton 

and Murphy (2007), PBS value of soil was very high the main effect of land use types and 

conservation practice and their interaction except unconserved plantation forest which had high 

PBS value.   

https://link.springer.com/article/10.1186/s40068-016-0069-y#CR16
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Table 6 Main effect of land use types and conservation practices on exchangeable cations 

                                                            Exchangeable bases (cmolc kg
-1

) 

Land use  

 Ca
+2

 Mg
+2

 K
+
 Na

+
 CEC PBS (%) 

Grazing land 18.37
a
 6.44

b
 0.47

a
 0.69

b
 27.47

 b
 81.11 

Plantation forest 18.80
a
 7.52

a
 0.52

a
 0.80

a
 28.52

a
 83.06 

Cultivated land
 

17.46
b
 6.26

b
 0.46

b
 0.76

a
 28.01

a
 82.67 

P-value * * * ** ** NS 

Conservation practice 

Practices     Ca
+2

           Mg
+2

               K
+
             Na

+
          CEC     PBS (%) 

Conserved     17.94
a
        7.24           0.57

a
          0.81

a
         28.79

a
  83.14 

Nonconseved    16.82
b
       6.25          0.40

b
          0.69

b
        27.21

b
  82.41 

P-values *      NS        ***      **   **  NS 

CV (%)   11.72     10.81       17.23      11.75 4.47 6.29 

NS= Not Significant * = Significant at P ≤ 0.05; **= Significant at P ≤ 0.01; *** = Significant 

at P ≤   0.001; CEC = Cation Exchange Capacity; PBS   = Percent Base Saturation; CV = 

Coefficient of Variation; P = Probability.  

 

   Table 7. Interaction effect of land use types and conservation practices on exchangeable cations. 

Factors Ca
+2

 Mg
+2

 K
+
 Na

+
 CEC PBS 

Gl*Co 20.45
a
 6.80

b
 0.62 0.76 31.05

a
 82.19 

Gl*Uco 16.30
ab

 6.09
b
 0.42 0.62 25.98

b
 80.03 

Pf*Co 20.88
a
 8.20

a
 0.54 0.85 27.74

b
 86.28 

Pf*Uco 18.72
ab

 6.86
b
 0.41 0.70 27.20

b
 79.84 

Cl*Co 18.49
ab

 6.71
b
 0.53 0.82 28.12

b
 84.41

 

Cl*Uco 18.43
ab

 5.81
b
 0.38 0.75 27.90

b
 80.93 

P-value ** *  NS  NS **   NS 

CV (%) 11.72 10.81 17.23 11.75 4.47 6.29 

NS= Not Significant * = Significant at P ≤ 0.05; **= Significant at P ≤ 0.01; *** = Significant at P 

≤ 0.001; Co = Conserved; Uco = Unconserved; Pf = Plantation forest; Gl = Grazing land; Cl = 

Cultivated land; CEC = Cation Exchange Capacity; PBS = Percent Base Saturation; CV = 

Coefficient of Variation; P = Probability. 
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4.3. Correlations Analysis between Studied Soil Parameters 

Partial correlation was carried out to explore the relationship between each single property of a soil 

and the other 14 parameters considered in the analysis of this study. Clay was negatively and 

significantly correlated with silt (r = -0.76***) and sand (r = -0.48***) while, clay was positively 

and significantly correlated with BD (r =0.81***), TP (r= 0.81***) TN (r = 0.46**), OM (r = 

0.48**), Mg
+2

 (r = 0.60***), K
+
 (r = 0.62***) and Na

+
 (r = 0.49**) (Table 8).  This result is 

directly similar with the findings of Abay et al. (2016) who reported that clay soils have positive 

correlation with OM and TN due to glue nature of the two colloidal particles. The OM is used to 

bind the clay particles to form good soil aggregates and reduce the selective removal of clay 

particles by erosion and in turn the clay particles minimize the decomposition of the OM by 

increasing the amount of micro-pores that leads to minimum decomposition of the OM.   

Silt was positively and significantly correlated with TP (r= 0.57**), pH (r= 0.41*) while silt was 

negatively and significantly correlated with clay (r= 
_
0.76***), BD (r = -0.57**) and Mg

+2
 (r = -

0.66***) (Table 8). Sand was positively and significantly TP (r= 0.46*) and Na
+
 (r =0.60***) 

while sand was negatively and significantly correlated with clay (r= 
_
0.48***), BD (r = -0.46*), pH 

(r= -0.67**), OM (r= -0.46*), CEC (r = - 0.45*) and K
+
 (r = -0.54**) (Table 8). Esteban (2000)  

reported pore space and % and had positive and significant relation while %silt and %clay have 

significant and positive correlation with pore space. This may be due to the effect of clay size 

particles in increasing the total porosity of a soil. 

Bulk density was significantly and negatively correlated with silt (r= 
_
0.57**), sand (r= 

_
0.46*), 

TP (r= -0.99***), while, BD was positively and significantly correlated with clay (r= 0.81*), Mg
+2

 

(r = 0.53**) and K
+
(r = 0.67***) (Table 8). The correlation indicates that the presence of relatively 

higher clay fraction and OM content lowers soil bulk density. This study agrees with Achalu et al. 

(2012) who reported that OM decreases BD through its positive effect on soil aggregation.  

Total poresity was significant and positively correlated with clay (r = -0.81***), silt (r = 0.57**), 

sand (r = 0.46*), while, significantly and negatively correlated with BD (r= -0.99***), Mg
+2

 (r -

0.53**) and K
+
 (r = -0.67***) (Table 8). This result is in agreement with the findings of Maddonni 

et al. (2003) who reported that an inverse relationship between BD and TP. Total porosity 

increases as the bulk density decreases while it decreases as bulk density increases (Samuel, 2006). 

https://scialert.net/fulltextmobile/?doi=ijss.2011.150.163#64153_b
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Soil pH was significantly and negatively correlated with sand  (r = -0.67**) while, pH was 

positively and significantly correlated with silt (r= 0.41*) (Table 8).This is in line with Tekalign 

(1991), range of soil-water pH interpretation  and the pH of the studied soils found between acidic 

to slightly acidic. 

Soil OM was positively and significantly correlated with clay content (r = 0.48**), TN (r 

=0.89***), K
+
 (r = 0.43*) and PBS (r = 0.40*) while, significantly and negatively correlated with 

Sand (r = -0.46*) and Av.P (r = -0.4*) (Table 8). This is because of the reason that clay is poor in 

aeration slow in drainage properties resulting in slow oxidation process in the soil system. This 

result is in line with the investigation of (Teshome et al., 2013). In contrary, Tilahun and Asefa ( 

2009). Total N was positively and significantly correlation with clay (r = 0.46**), OM (r = 

0.89***) K
+
(r = 0.53**) and Na

+ 
(r = 0.41*) (Table 8). The positive and significant correlation 

between OM and TN is due to the presence of N in OM.  

The CEC was positively and significantly correlated with pH (r = 0.50**), Ca
+2

 (r= 0.77***), and 

K
+
 (r= 0.40*) while, significantly and negatively correlated with sand (r = -0.45*) (Table 8).  The 

higher the CEC, the higher the exchangeable bases because the additional negative charges on the 

colloidal particles will adsorb additional cations on the surface of the colloids. The CEC of the 

studied soils was from medium to high (Hazelton and Murphy, 2007). 

Output of the correlation matrix for basic exchangeable cations showed that Exchange Ca
+2

 was 

significantly and positively correlated with pH (r = 0.44**) CEC (r = 0.77***) and PBS (r = 

0.69*). (Table 8).  In line with FAO (2006), exchangeable Ca was dominant in the exchange sites 

of the soil colloidal materials followed by Mg, K and Na ions in that order.    

Exchange Mg
+2

 also had significantly and positively relationship with clay (r=0.60***) and BD (r 

= 0.53**) while, significantly and negatively correlated with silt (r= 
_
0.66***) and TP (r= -0.53**) 

(Table 8). Exchange K
+
 were significantly and positively correlated with clay (r = 0.62***), BD (r 

= 0.67***) TN (r = 0.53**), OM (r = 0.43*) and CEC (r = 0.40*) while, significantly and 

negatively correlated with sand (r = 
_
0.54**) and TP (r = -0.67***) (Table 8).  This is in line with 

Hazelton and Murphy (2007) the trends of the distribution of PBS showed similarity with the 

distribution of CEC, exchangeable Ca Mg, K
 
and Na

 
since factors that affect these soil attributes 

also affect the percentage base saturation (PBS).  
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The PBS of studied soils was significantly and positively correlated with OM (r = 0.40*), and Ca
+2 

(r = 0.69*).  This result reveals that any factor that could affect Ca
+2

, Mg
+2

, K
+
, Na

+ 
and CEC of 

the soil could also affect the percentage of base saturation in the similar mode. The findings of this 

work indicated that exchangeable bases, especially Ca and Mg ions dominate the exchange sites of 

most soils and contributed higher to the PBS which is also in agreement with Eyelachew (2009). 
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Table 8. Pearson correlations for selected soil parameters 

* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P ≤ 0.001; BD = Bulk density; TP = Total poresity  

OM = Organic Matter; TN = Total Nitrogen; Av.P = Available Phosphorous; CEC = Cation Exchange Capacity; 

PBS = Percent Base Saturation. 

 
      

 
 

 Clay Silt Sand  BD  TP  pH Av.P TN OM  CEC Ca
+2

 Mg
+2

 Na
+
  K

+
  PBS 

                

Clay 1.00               

Silt 
_
0.76*** 1.00              

Sand 
_
0.48*** 

_
0.18 1.00             

BD 0.81*** 
_
0.57** 

_
0.46* 1.00            

TP 0.81*** 0.57** 0.46* 
_
0.99*** 1.00           

pH 0.07 0.41* 
_
0.67** 0.25 

_
0.25 1.00          

Av.P 0.06* 0.29 0.29 0.06 
_
0.06 

_
0.25 1.00         

TN 0.46** -0.31 -0.28 0.32 -0.33 -0.09 -0.4* 1.00        

OM 0.48** -0.20 -0.46* - 0.31 0.31 -0.07 -0.4* 0.89*** 1.00       

CEC 0.24 0.05 -0.45* - 0.33 0.33 0.50** 0.08 0.14 0.2** 1.00      

Ca
+2

 0.14 0.27 -0.15 -0.02 0.02 0.44** 0.12 -0.32 0.26 0.77*** 1.00     

Mg
+2

 0.60*** 
_
0.66*** -0.02 0.53** -0.53** -0.22 0.26 0.35 0.30 0.16 -0.13 1.00    

K
+
 0.62*** 

_
0.30 

_
0.54** 0.67*** -0.67*** 0.27 

_
0.02 0.53** 0.43* 0.40* -0.06 0.39 1.00   

Na
+
 0.49** -0.11 0.60*** 0.38 -0.38 0.19 0.33 0.41* 0.35 0.03 -0.22 0.03 0.34 1.00  

PBS 
 _
0.04 

_
0.06 0.15 0.01 

_
0.01 0.07 

_
0.01 

_
0.39 0.40* 0.29 0.69* 0.28 0.20 0.28 1.00 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

5.1. Summary and Conclusions 

Highlands of Ethiopia, with altitude above 1500 meters above sea level (m.a.s.l), are the 

dominant sources of water, crop production and fodder. They are densely populated and hold 

about 90% human and about two-thirds of livestock population. Soil erosion creates severe 

limitations to sustainable agricultural land use, as it reduces on farm soil productivity and 

causes food insecurity. By considering these problems the objective of the current study was 

aimed to evaluate the effects of land use types and conservation practice on selected soil 

physico-chemical properties in Anjeni micro watershed.  

The research was conducted in Amhara Regional State West Gojjam Zone Dembecha Woreda 

in Anjeni micro watershed. The experiment was laid out in RCBD factorial design with 18 

observations per parameter that is three adjacent land uses and two SWC practices with three 

replications i.e. (3x2x3=18).  

The study has revealed that most of the soil physical and chemical properties showed 

significant variation associated with land use types and conservation practices. Considering 

the main effect land use clay, total porosity,  TN, OM, CEC, Ca
+2

, Mg
+2

, K
+
, Na

+
 and PBS 

were higher in plantation forest than the adjacent grazing and cultivated lands. Contrarily silt, 

bulk density and Av.P were higher in cultivated land as compared with plantation forest and 

grazing land. Based on the research carried out the soil of the study area which was treated by 

integrated soil conservation practice has shown a significant physico-chemical properties than 

the soil of the adjacent non-conserved land. It minimizes the bulk density there by creates 

conducive condition for the development of plants. Generally, the major macronutrients 

required for green plants such as soil OM, N, K and P concentration in the conserved lands 

were found to be significantly higher than the concentration of the adjacent non-conserved 

land. This research result shown that the soil conservation practices have positive impacts in 

improving the fertility status of the degraded lands, and it addresses the problem of improper 

land use practices and maintains the capacity of the land by minimizing the soil nutrient 

deterioration rate.  
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The variations of soil physico-chemical properties among land use types and conservation 

practices indicated the risk to the sustainable crop production in the study area. To maintain 

sustainable agricultural production in the watershed, integrated soil management would be 

important in improving physico-chemical characteristics of the soils. Therefore, best 

integrated land management practices, like liming, returning crop residues to the fields and 

integrated use of organic and inorganic fertilizers are very crucial and should be given special 

attention to increase the essential soil basic nutrients and increase soil pH of these acidic soils 

to the desired level for sustainable natural vegetation management, crop production and to 

recover intensively cultivated degraded lands in Anjeni watershed. 

The research result indicated that the soil conservation practices have positive impacts in 

improving the fertility status of the degraded lands. And it addresses the problem of improper 

land use practices and maintains the productive capacity of the lands by minimizing the soil 

nutrient deterioration rate. Therefore it is mandatory to apply the soil conservation practices in 

all agricultural land use types such as farmlands, grazing lands and private forestlands of the 

study area. The result of the study also indicated that soil conservation practices can benefit 

farmers through restoring the productivity potential of the degraded land as well as improving 

its nutrient content.  
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5.2. Recommendations 

 Based on the findings of this study, the following recommendations are suggested: 

It is recommended that different integrated soil and water conservation (SWC) practices 

should be implemented in the unconserved lands to minimize and overcome soil degradation 

so that it is possible to achieve sustainable agricultural production in the study area. 

Avoiding free grazing and livestock intervention and applying cut and carry system from the 

watershed is very important issue to be considered in the future to reduce soil disturbance 

and improve soil fertility. Further studies should be carried out on the other physical and 

chemical properties in order to understand in a comprehensive way for future intervention.  
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7. APPENDIX 

Appendix Table 1 Mean squares of one-way analysis of variance (ANOVA) for selected soil   

physico-chemical property 

                                     Land use                                                   Conservation practice                            

 MS F P MS F P 

Clay 18.00 8.06 0.0082*** 256.88 115.02 0.000*** 

Silt 36.22 4.99 0.0314 * 64.22 8.85 0.0139** 

Sand 4.22 1.67 0.2360
NS

 64.22 25.46 0.000*** 

BD 0.009 0.40 0.67
NS

 0.18 75.66 0.000*** 

TP 1.34 0.39 0.68
NS

 259.92 76.29 0.000*** 

PH 0.10 4.48 0.04** 0.07 3.07 0.011* 

Av.P 126 89.65 0.000*** 4.07 2.89 0.120
NS

 

TN 0.004 3.4 0.0835* 0.04 3.06 0.1107
NS

 

OM 2.28 3.42 0.0737* 2.41 3.61 0.0865* 

CEC 1.63 1.04 0.3813
NS

 11.32 7.22 0.0228** 

Ca
+2

 5.22 1.19 0.34
NS

 0.06 0.01 0.9057
NS

 

Mg
+2

 2.83 5.32 0.0267** 4.36 8.18 0.0169** 

K
+
 0.071 1.01 0.4001

NS
 0.12 16.96 0.0021*** 

Na
+
 0.018 2.36 0.1445

NS
 0.06 7.82 0.0189** 

PBS 6.38 0.19 0.8306
NS

 0.33 0.01 0.9231
NS

 

NS = Not Significant; * = significant at P ≤ 0.05; **= significant at P ≤ 0.01; *** = 

significant at P≤ 0.001; MS = Mean Square; P = Probability; BD = Bulk Density; Av.P = 

Available Phosphorus; TN = Total Nitrogen; PBS = Percent Base Saturation; OM = Organic 

Matter. 
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Appendix Table 2. Mean squares of two-way analysis of variance (ANOVA) for selected soil 
physico-chemical property 

   Land use types                                    Conservation Practice                       Land use*Practice 

NS = Not Significant; * = significant at P ≤ 0.05; **= significant at P ≤ 0.01; *** = 

significant at P ≤ 0.001; MS = Mean Square; P = probability; BD = Bulk Density; Av.P = 

Available Phosphorus; TN = Total Nitrogen; PBS = Percent Base Saturation; OM = Organic 

Matter. 
 

 

                     

                   

     

 

 

 

 

 

 

  

Parameters MS F P MS F P MS F P 

Clay 18.00 8.06 0.0082*** 256.88 115.02 0.000*** 4.22 1.89 0.2012NS
 

Silt 36.22 4.99 0.0314* 64.22 8.85 0.0139** 21.55 2.97 0.0971* 

Sand 4.22 1.67 0.2360NS
 64.22 25.46 0.000*** 10.88 4.32 0.0445** 

BD 0.009 0.40 0.67NS
 0.18 75.66 0.000*** 0.05 0.24 0.7926NS

 

TP 1.34 0.39 0.68NS
 259.92 76.29 0.000*** 0.78 0.23 0.7981NS 

PH 0.10 4.48 0.04** 0.07 3.07 0.011* 0.12 5.0 0.0303* 

Av.P 126 89.65 0.000*** 4.07 2.89 0.120NS
 1.56 1.11 0.3670NS

 

TN 0.004 3.4 0.0835* 0.04 3.06 0.1107NS
 0.025 1.66 0.2377NS 

OM 2.28 3.42 0.0737* 2.41 3.61 0.0865* 0.67 1.01 0.3987NS 

CEC 1.63 1.04 0.3813NS
 11.32 7.22 0.0228** 13.89 8.86 0.0061*** 

Ca+2 5.22 1.19 0.34NS
 0.01 0.06 0.9057NS

 23.98 5.46 0.0250** 

Mg+2 2.83 5.32 0.0267** 4.36 8.18 0.0169** 0.15 0.29 0.7534NS 

K+ 0.071 1.01 0.4001NS
 0.12 16.96 0.0021*** 0.01 0.23 0.7999NS 

Na+ 0.018 2.36 0.1445NS
 0.06 7.82 0.0189** 0.041 0.05 0.9485NS 

PBS 6.38 0.19 0.8306NS
 0.33 0.01 0.9231NS

 43.56 1.29 0.3172NS 
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Appendix Table 3 Mean monthly rainfall (mm) and mean monthly minimum and maximum    

temperatures   (oC) of the study area for eight years (2010-2018). 

Month             Maximum temp. (
o
C) Minimum temp. (

o
C)          Rainfall (mm) 

January                                                                                          24.3 9.4 7.3 

February            26.3                                  11.5                                           0.5 

March                                                         31.7                                  13.5 25 

April                                                               27.3                                  13 21 

May                                                                27                                    14 98.5 

June                                                                                            26.5 13.5 165 

July                    22.5                                  13.7                                          355 

August                                                                                              23                                     13.5 380 

September                                                                                      24.5 13 180 

October                                                                                          25.3 12 51.5 

November                                                                                   25.8 11.6 15 

December                                                                                   24.8 10.2 7.5 

Mean    25.5          12.40               108.85 

Total    - -                1306.3 
 

 

       Source: DWAO (2018) 
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Appendix Table 4. Ratings of selected soil physicochemical properties  

 

       Appendix Table 5.  Rating of soil pH (H2O) 

Soil reaction class Soil pH 

Extremely Acidic < 4.5 

Very Strongly Acidic 4.5-5.0 

Strongly Acidic 5.1-5.5 

Moderately medium Acidic  5.6-6.0 

Slightly Acidic 6.1-6.5 

Neutral 6.6-7.3 

Slightly Alkaline 7.4-7.8 

Moderately Alkaline 7.9-8.4 

Strongly Alkaline 8.5-9.0 

Very Strongly Alkaline > 9.1 

 Source: Jones (2003) 

                         

                                    

 

 

Parameters 

Rating  

 

Sources 

Very 

low 

 

Low 

 

Moderate 

 

High 

Very 

High 

 

CEC ( cmolc/kg) 

 

<6 

 

6-12 

 

12-25 

 

25-40 

 

>40 

 

Hazelton 

and 

Murphy 

(2007) 

PBS (%) 0-20 20-40 40-60 60-80 >80 

BD (g/cm
3
) <1 1-1.3 1.3-1.6 1.6-1.9 >1.9 

Exch. Ca (cmolc/kg) <2.0 2.0-5.0 5.0-10 10-20 >20  

FAO 

(2006) 

Exch. Mg (cmolc/kg) <0.3 0.3-1.0 1.0-3.0 3.0-8.0 >8.0 

Exch. K(cmolc/kg) <0.2 0.2-0.3 0.3-0.6 0.6-1.2 >1.2 

Exch. Na ( cmolc/kg) <0.1 0.1-0.3 0.3-0.7 0.7-2.0 >2.0 

OM (%) <0.86 0.86-2.57 2.57-5.17 >5.17 - Tekalign 

(1991) TN (%) - <0.05 0.05-0.12 0.12-0.25 >0.25 

Av. P  (mg/kg) < 5  5-9  10-17  18-25  >25 Olsen et al. 

(1954) 


