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ABSTRACT 
The general purpose of the study was to evaluate the effects of land use types; slope gradient and 

their interaction on soil acidity and selected physico-chemical properties in West Azernet 

Berbere Woreda. The experiment was taken as the randomized complete block design (RCBD) 

with two factors and total of 27 composite samples were taken. For data analysis, general linear 

model procedure of SAS version 9.4 was used. 

Three land uses (natural forest, grazing and cultivated land), and three slope gradients (10-15%, 

5-10% and 2-5%) in three replications were considered for this study. Totally 27 composite soil 

samples were collected from cultivated, forest and grazing lands and slope gradients with three 

replications for laboratory analysis. Results indicated that the highest mean value of sand was 

recorded in grazing land and highest mean value of silt and clay were recorded under forest land, 

cultivated lands and upper slope classes respectively. Soils were strongly acidic (pH =5.2-5.4), 

whereas natural forest land uses and lower slope classes were moderately acidic2 (pH =5.9-6.0). 

The total porosity, bulk density and PH, Av.P, OM, CEC,Ca
+2

, Mg
+2

 K
+
, Na

+
, were significantly 

(p ≤ 0.001) affected by land use types and slope gradients .Percent base saturation Total nitrogen   

and except silt, particle size distribution were significantly (P ≤ 0.05) affected by land use types 

and slope classes . The mean values of sand ,total  porosity, pH, OM, TN, CEC, Ca
+2

, Mg
+2

, K
+
, 

Na
+ 

and PBS were higher in forest and lower slope classes as compared with grazing , cultivated 

lands and in 10-15% and 5-10% slope classes respectively. The exchangeable acidity and 

exchangeable Al were significantly (P≤0.05) affected by under cultivated land and grazing lands 

and upper slope classes. Generally, land use types and slope gradient have significant effect on 

their interaction soil acidity and selected physico-chemical properties of soil. Therefore, in order 

to reduce soil acidity problem, minimize intensive cultivation, over grazing, liming and 

integrated soil acidity management practice is recommended for study area and further study 

should be investigated on the rest soil nutrients.  

Key words: Soil acidity, Cultivated land, Grazing land, Forest land, Slope gradient 
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1.  INTRODUCTION 

1.1. Background and justification 

Soil acidity is a worldwide problem and it limits plant production all over the world.  

About 50% of the worlds‟ arable soils are acidic and may be subjected to the effect of 

aluminum (Al) toxicity of which the tropics and subtropics account for 60% of the acid 

soils in the world (kochian, et al.2015). This mainly located in two belts which are: the 

northern belt in the cold humid temperate zone covering North America, South Asia and 

Russia; and the southern belt in humid high rainfall tropical areas including South 

Africa, South America, Australia and parts of New Zealand. It affects about 56% in Sub-

Saharan Africa, 38% of farmland in Southeast Asia, 31% in Latin America, 20% in East 

Asia and parts of North America (Hoekenga et al., 2006).In Americas 1616 million 

hectare is affected, mostly in South America.  

In Ethiopia, soil acidity affects large surface areas of the highlands located mostly all 

regional states of the country. According to recent agricultural transformation agency 

(ATA) report year it was estimated that about 43% of the total arable land in Ethiopia is 

affected by soil acidity. Soil acidity problem is significantly affect  the south-western, 

north-western, southern and central regions of the country which receive high rain fall  

to leach down soluble salts and/or basic cations appreciably from the surface layers (root 

zone) of the soils. Some of the well-known areas seriously affected by soil acidity in 

Ethiopia are Ghimbi, Nedjo, Hossana, Sodo, Chencha, Hagere-Mariam and Awi Zone of 

the Amahara Regional State MoARD (2007). 
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 Soil acidity is a problem that has not been addressed in depth. It is observed that most of these 

soils are found in the highlands receiving high rainfall (Paulos, 2001). The Ethiopian highlands 

are one of the hotspots on the African continent with regard to food production and in the 

struggle to preserve the natural resource base cited in (FAO, 2004 Balesh et al., 2005, FAO, 

2005 cited in Tesfaye, 2005). The major causes for soil acidity acid are acidic parent material, 

high rainfall, harvest of high yielding crops, leaching and organic matter decay (Getachew et al., 

2019).Even though, in Ethiopia the amount of inorganic fertilizers applied was in small doses 

repeated use of urea(46N-O-O) and diammonium phosphate(DAP) (18N-46P2O5-O) over long 

period of times cause for soil acidification in the northwestern and southwestern highlands of 

Ethiopia(Takele et al,.2018). 

 Balance of soil acidity or alkalinity (measured by pH) of the soil is very necessary to manage 

optimum availability of soil nutrients and minimizing potential toxicities. For example, at a 

very low pH, aluminum (Al) may become more soluble and can be absorbed by roots and 

becomes toxic. P (phosphorus) and Ca (calcium) may become deficient. At high pH, Fe (Iron) 

and other micronutrients except (Mo) are become unavailable because they are formed as 

insoluble hydroxides and carbonates (Getachew et al., 2016). 

 In land use changes, forests are converted to agricultural and land settlement purpose and it is 

the most widely common activities in Ethiopia. This changes involve intensive agricultural 

practices for a long period of time and as consequence loss of nutrients are resulted, specifically 

in the highlands where erosion is more critical (Mamo, 2018; Eyayu et al., 2010). The  variation  

of land use and management systems could significantly contribute to the influence  

in soil physico-chemical properties. Most of the time soil physical properties change with 

changes in land use system and its management such as intensity of cultivation and the nature of 
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the land under cultivation, led to the soil less permeable and more susceptible to runoff and 

erosion losses (Mesifin, 2007). 

Topography is one of the naturally occurring soils forming factor that affect soil properties and 

control soil erosion process through redistribution of soil properties (Ziadat and Taimeh, 2013). 

High sloppy area with poor management practices, over grazing and traditional agricultural 

systems aggregates soil erosion but flat area (low slopping), different soil and water conservation 

(SWC) measures and management activities and modern agricultural practices by minimizing 

run off decrease soil loss due to topographic features that influence the process of drainage, run 

off and soil erosion there by affects physico-chemical analysis. (Farmanullah et al., 2013). 

 Mirab Azernet Berbere woreda in silte zone southern region is most high land area. Its mean 

annual rain fall is (900mm- 1400mm) and it is mostly affected by soil acidity problem and 

information on the extent of soil acidity is not well known since recent years. Thus studying 

soil acidity problem and management of soil acidity problem for three land uses which are: 

cultivated, grazing and forest lands and comparing the level soil acidity in these land uses is 

very important for the productivity crops and additionally, clear understanding of the problem 

is necessary to exercise sustainable land management practice to sustain the soil fertility status 

by improving soil physical, chemical and biological properties. 

1.2.   Statement of the problem 

West Azernet Berber woreda has severed yield reduction problem. One reason for this 

reduction is expected due to soil acidity problem. This may result from leaching of 

nutrient because of high annual rain fall (900-1400mm) and is most high land area 

(Dega),crop residue and cow dung removal for fire wood consumption. On the other 

hand farmers use Urea and DAP fertilizers for long period of time, these might have 
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contributed to soil acidity and it may leach of base forming cations. Thus, Impact of soil 

acidity problem result in deficiency of essential plant nutrients and toxicity of some 

elements, which have great influence on yield reduction. 

 The cause, extent and existence of soil acidity have not been studied and not well 

known by development agents and farmers since recent years in the study area, more 

over there is no specific symptom on the crop, except decrease in yield reduction. 

 Hence studying magnitude and extent of soil acidity problem under different land uses 

is used to improve the productivities of soils and to fill knowledge gap in soil acidity and 

sustainable land management in study area.  

1.3. Objective 

1.3.1. General objectives 

The general purpose of the study was to evaluate the effects of land use types; slope 

gradient and their interaction on soil acidity and selected physico-chemical properties    

in the study area. 

1.3.2. Specific objectives 

  . To examine acidity related selected physical and chemical properties of soil under 

different land uses  and their interaction effect 

 To evaluate extent of soil acidity  under different  land uses and  slope gradients 

1.4. Significance of the study 

It had developed  the knowledge of professionals and development agents and quantify 

extent and magnitude of soil acidity under different land uses in general and in particular 

available essential macro nutrients and, CEC, PBS, exchangeable acidity and 
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conversation practice and  to improve crop productivity for study area, which is affected 

by soil acidity.  

1.5. Scope of the study 

Since there are different factors that determine soil physiochemical property so, the 

study focused on extent and status of soil acidity by analyzing related physiochemical 

properties of soil under different land uses. 

1.6. Limitation of study 

The study was not considered all the areas which are found in Mirab Azernet Berber 

woreda due to time shortage, transportation and budget. 
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2. LITERATURE REVIEW 

2.1. Concept of soil acidity 

Crop management's key soil concerns include deterioration of soil physical qualities, nutritional 

inadequacies, loss of soil organic carbon, anthropogenic soil erosion and degradation, and a lack 

of incentives and regulations to adopt improved and ecologically friendly technologies. Because 

of the enormous range of topography, climate, soil types, and associated vegetation and farming 

systems, practically all soil-related problems are occurring at alarming rate throughout Ethiopia‟s 

highlands, with noticeable differences in magnitude. The most significant soil chemical 

degradation is fertility decrease, which manifests itself as excessive nutrient exhaustion, 

followed by acidity. This element of soil chemical deterioration is the most important concern in 

the majority of Ethiopia's farmed soils, negatively impacting crop yields and agricultural output. 

As a result of this degradation, the national average yield of cereal crops is less than 1 t/ha, even 

in the country's prolific highlands. This is exacerbated by intense land use and a high population 

density (Regassa et al, .2011).It is expected that about 43% of the total Arable land of Ethiopia is 

affected by soil acidity (ATA, 2014). Acidity of soil resulted from increment of hydrogen ions 

(H
+
) concentration .It is occurred by human-induced natural processes. Acid parent materials 

,leaching of basic cations (Ca2+), magnesium (Mg2+), and potassium (K+), hydrolysis reactions 

within the soil exchange sites, rain fall containing sulphuric and nitric acids, cations uptake  by 

the crop over the long run cultivation, crope residue removal, and cations uptake addition of 

soluble salts and fertilizers in to the soil which might be cause soil acidification 

(Agegnehu et al .2019, R.Alvarez et al 2020) 

In the tropics leaching or/and continuous removal of basic cations through crop harvest 

seriously increase the soil acidity. Soil acidity limits the growth of crop because acidic soil 
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contains toxic levels of aluminum and manganese and characterized by deficiency of essential 

plant nutrients such as P, K, Ca, Mg, and Mo (Wang et. al., 2006; Tisdale et. al., 1985). 

2.2. Extent of soil acidity 

Soil acidity is one of the major land degradation problems worldwide. Approximately 

30% of the ice-free soils (close to 4 billion ha) in the world are acidic). Soil acidity 

mostly affects Tropical and sub-tropical regions as well as areas with moderate climatic 

conditions. Worldwide, 32% of all arable land is acid. Almost two-third of all acidic 

soils in the world belongs to Ultisols, Entisols and Oxisols (Rengel, 2011). Oxisols (also 

referred to Ferralsols) occupy about 3.75 million km
2 

or 14.3% of the total land area of 

Africa. About 10.76 million km
2
 or 35% of the total area of land in Africa is 

characterized by P fixation, i.e. from slight to high fixation, and out of this 8.23 million 

km
2
 is typified by high P fixation (Eswaran et al., 1997b). Similarly, tropical American 

soils are largely acid and low in reserves of nutrients available to plants. 

 The intensive need to increase agricultural production causes great pressure on easily 

damaged soils and natural resources. Such soils contain toxic levels of Al and Mn, are 

prone to compaction and erode easily (Thomas, 1995). For example, the „Cerado‟ (acid 

savanna soils) affects an area of 207 million ha in Brazil alone (Fageria and Nascente, 

2014; Thomas, 1995). The Oxisols (dusk red Latosols, dark red Latosols, red yellow 

Latosols, and yellow Latosols) are the dominant soils, with about 98 million hectare 

(Thomas, 1995). They are very weathered deep acid soils with a low availability of 

nutrients, but with good physical properties due to the predominance of 1:1 clay 

minerals and Fe and Al oxides in the fraction (de Sant-Anna et al., 2017).As described 

by (Zeleke et al., 2010) Soil acidity characterized with low nutrient availability are very 
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limiting factor to crop production in acidic soils, mainly Nitisols of Ethiopian highlands. 

Soil acidity affects approximately 43% of the Ethiopian cultivated land Haile et al. 

(2017). (ATA, 2014) states that about 28.1% of these soils are dominated by strong acid 

soils (pH 4.5). Strongly acidic soils are usually infertile because of the high availability 

of Al and Mn toxicities and Ca, Mg, P and Mo deficiencies (Getachew et al., 1984). 

2.3. Land use types and soil acidity 

The rate of soil quality degradation depends on land use systems, soil types, topography, 

and climatic conditions. Among these factors, inappropriate land use aggravates the 

degradation of soil physicochemical and biological properties (Tesema et al., 2008; 

Mesifin, 2007).Climate and particularly rainfall is a key element in soil acidification 

processes. The risk of acidification associated with increase in areas with higher rainfall 

particularly, with an uneven seasonal distribution. Measurements have shown that there 

was a marked increase in soil acidification rates in cropping zones with higher rainfall 

(500-600 mm per annum) (Coventry, 1992), compared to lower rainfall (Young et al., 

1999).As observed by (Mokwunye, 1978) intensive cultivation and acid forming 

fertilizers applications, characterized decline of the soil pH and cause loss in basic 

cations especially under intensive cropping on inherently poor soils. Thus, intensive 

agriculture increases the rate of acidifications through the addition of acidifying 

fertilizers; increased nitrate leaching and the export of product. 

Legumes contribute symbiotic N2 worth several billions of dollars of equivalent N 

fertiliser each year to agriculture (Hurrison and Demora, 1995). However, by raising the 

fertility of soil they also raise the risk of acidity unless inorganic N in soil is carefully 

managed. Legumes can be expected to produce more soil acidification than non-
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leguminous species such as grasses. This disadvantage of legumes can be attributed to 

the following factors, Legumes excrete protons (H
+
) strongly from their roots as a result 

of a greater excess of cations (Ca, Mg, K and Na) uptake during N2 fixation. This can 

become a problem where legume products (seed or hay) are exported. However, other 

non-leguminous dicotyledons such as canola may be just as acidifying from this cause 

(Howieson and Herridge, 2005).Residues of legumes have a high N2 content, resulting in 

large amounts of nitric acid (HNO3) being produced during nitrification following 

ammonification of their residues. This will be a problem where NO
3-

 is available for 

leaching, particularly in higher winter rainfall areas. In grazing lands nitrate leaching and 

buildup of soil organic matter are the major causes. Product removal in total is usually 

low and the use of nitrogen fertilizers not applicable. It should be understood that the 

leaching of nitrate is potentially higher on annual species than under perennial pasture. 

Planting trees like pinus and Eucalyptus species invariably alters many soil properties. 

Soil under plantation typically becomes more acidic, the effect usually being attributed 

to the uptake of basic cations into the forest biomass. As stated by (Mills and Fey, 2003) 

acidic organic compounds are released in to the soil are decomposed. 

Coniferous forests can produce an acid litter because the tissue of such vegetation 

contains considerable concentration of soluble organic acid. Dilute acids together with 

the soluble organic from vegetation can readily leach fulvic acid, in soil humic materials. 

This can produce strong acidification and weathering of soils leading to podosols 

formation and low base saturation (Hurrison and Demora, 1995).In many areas soil 

nutrient is increased by plantation forestry because of greater mineralization under 
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forestry than grasslands(Milles and Foy, 2003).Thus, land use can lead to subtle changes 

in soil chemistry. 

2.4. Effect of soil acidity on nutrient availability and crop yield 

The solubility and availability of essential nutrients to plants is associated with the pH of 

the soil (Marschner, 2011; Somani, 1996). Soil pH affects the availability of essential 

plant nutrients. Effects of high acidity in a soil are deficiency of available, Ca and Mo 

and excess of soluble Al, Mn ions in the soil (Agegnehu and Sommer, 2000a; Somani, 

1996). Acid soil restricts the availability of essential nutrients such as P, K, Ca and Mg, 

and limits the movement of soil organisms that used for plants stay healthy. In particular 

acidic soils plants not grow healthy, thus it is better to raise the PH by applying 

exchangeable cations. In slightly acidic soil PH is optimum for plant production. At 

extremes of high (alkaline) and low (acid) pH this delicate balance is disturbed and plant 

nutrients that were in adequate supply can become either deficient or toxic to plant 

growth. Some essential nutrients such as phosphorous, calcium, magnesium, and 

molybdenum become unavailable if the soil pH becomes too acid. Acid conditions will 

result in a lowering of plant production in farming systems. This will result in reduced 

profitability and an increased reliance on fertilizers to sustain any form of productive 

agriculture. Correcting soil pH to a more favorable pH range will increase the 

availability of essential nutrients. Nutrient toxicity can occur in acid soils when the pH 

Ca is 4.8 or lower (Slattery et al., 1999). 
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2.5. Soil pH and acidification 

Soil pH is a measure of the number of hydrogen ions in the soil solution; the more acidic 

the solution the higher the concentration of hydrogen ions. Knowing Soil pH is used for 

the proper soil management and optimum crop productivity. (Tisdale, 1993) suggested 

that in aqueous (liquid) solutions, an acid is a substance that donates hydrogen ions (H
+
) 

to some other substance. Soil pH is an excellent chemical indicator of soil quality. 

Ideally, (Al
3+

) aluminium and hydrogen (H
+
) concentrations of soils quantifies soil 

acidity (Fageria, 2008).In natural processes soil acidity is caused by; type of parent 

materials, leaching, rainfall, and organic matter decay (Havlin, 2005).  Thus in high 

rainfall areas most of soil types are inherently acidic (Maheshwari, 2006).  

2.6. Aluminum toxicity and Soil acidification 

Even though cause of soil acidity has several reasons of which the most common source 

of hydrogen is the reaction of Al ions with water and aluminum toxicity in combination 

with low pH .Therefore this one of the major reason that acidic soils become unsuitable 

for the growth of many plants in the humid tropic countries (Budianta and Vanderdeelen 

1995).  The increased soil acidity causes solubilisation of Al, which is the primary 

source of toxicity to plants at pH below 5.5 (Kariuki et al., 2007). Under very acidic 

conditions of pH less than 4.5, the major form of aluminum is Al
3+

 and when  pH is 

between 4.5- 6.5, aluminium-hydroxyl dominates (Carson and Dixon1979).As the pH 

increases, exchangeable Al
3+

 precipitates as insoluble Al hydroxyl forms at a rate of 

1000 fold decrease for each unit increase in pH. As observed by (Haynes, 1984) Al
3+

 

+H2O⟷ Al (OH) ˉ2 + H
+
 this shows that the reaction of aluminum-hydroxyl in very acid 
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soils. High rainfall area can also contribute to the soil acidification by natural causing 

parent materials to be acidic due to leaching of cations (Sparks, 2003). 

2.7. Major causes contribute to soil acidity problems 

Ideally, soil acidity is largely related with the presence of hydrogen and aluminum ions 

in exchangeable forms (Brady, 2001; Fageria and Baligar, 2003). Inefficient use of 

nitrogen is one of the causes of soil acidification, followed by the export of alkalinity in 

produce (Guo et al., 2010).Ammonium nitrogen is readily converted to nitrate and 

hydrogen ions in the soil. It has been well known that there are several causes for soils to 

become acidic. Productivity of crops on such soils is very low, especially in areas where 

improper management measures have been taken place (He et al., 2003). Thus, three 

major causes for soils to become acid are as follows: Climate, Parent material, Harvest 

of high yielding crops and Nitrification of ammonium. Researchers states that in dry 

region availability of base cations in the soil is very high, because water passes through 

soil is very little. Within high rainfall, a point is reached at which the rate of removal of 

bases exceeds the rate of their liberation from non-exchangeable forms. Wet climates 

have a greater potential for acidic soils (Sanchez, 1977; Tadesse, 2001).Soil profile is 

leached by excessive rain fall that prevent soil acidity. High rainfall leaches soluble 

nutrients such as Ca and Mg which are particularly replaced by Al from the exchange 

sites (Brady and Weil, 2016). 

2.7.1. Parent material  

 Rocks considered being acidic when they are containing an excess of and quartz and 

silica than to their content of basic materials; for example, rhyolite and granite. When 

rocks that are deficient in bases are disintegrated or decomposed in the process of the 
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accumulation of soil. Material is acidic, despite no loss of base during the process of soil 

formation. Soils that develop from weathered granite are associated with more acidic 

than those developed from shale or limestone. There are large areas of siliceous and 

sandy soils produced from acid parent rocks, which have always been in need of lime. 

However, most acid soils have been developed as a result of leaching losses and crop 

removal of bases (Brady and Weil, 2016) 

.The inherent fertility of Ethiopian soils developed under varied parent materials and 

climate varies depending on the origin and composition of the materials. For instance, 

soils developed from sandstones are poor sandy soils, whereas the inherent soil fertility 

developed over basic parent materials is relatively high (Woldeab and Mamo, 1991).  

2.7.2. Crop production and nutrient removal  

Soil acidity is increased by when high yielding crops are harvested. Basic elements; K, 

Ca and Mg are removed from soil when crops absorb nutrient during their growth. When 

crop yield increase most of the lime like nutrients removed from field. Compared to the 

leaf and stem portions of the plant, grain contains small amounts of these basic nutrients. 

Thus, harvesting high yield forages (Bermuda grass and alfalfa) more affected by soil 

acidity than grains (Fageria and Baligar, 2008; Rengel, 2011). 

 Removal of basic elements, particularly from soils with small storage of bases due to 

the harvest of high yielding crops is responsible for soil acidity. When soils are worked 

mechanically and crops are grown the balance is disturbed and the soils become more 

acid. This is the result of base cations being removed with crops and the simultaneous 

increase of leaching which takes place when soils are disturbed and worked (Brady and 

Weil, 2016; Fageria, 2009). 
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 Choosing land use type and good management practices often correct most soil; 

physical, chemical and biological properties and result is seen in an agricultural 

productivity (Gebrekidan and Negassa, 2006). Previous studies shows that soil 

properties seriously changed due to the conversion of native forest and range land into 

cultivated land (Bore and Bedadi, 2015; Lemenih et al., 2005). As a consequence, an 

increase in bulk density and decline in soil organic matter content (SOM) (Conant et al., 

2003), which in turn reduce the fertility status of a certain soil type. In addition, change 

in land use related with intensive cultivation, overgrazing, deforestation and inorganic 

fertilization can cause great variations in soil properties and decrease in productivity 

(Kang and Juo, 1986).  

2.7.3. Use of nitrogen fertilizers 

Actually, N fertilizer increases soil acidity by increasing crop yields as a result, 

increasing the amount of basic elements being removed. Because application of 

fertilizers containing NH
+

4 or even adding large quantities of organic matter to a soil can 

ultimately increase soil acidity and lower PH (Guo et al., 2010; Hue, 1992). As 

explained by (Fageria and Nascente, 2014; Guo et al., 2010) the continuous use of N 

fertilizers in ammonia form is one of the causes of soil acidification. Soil has found to be 

acidic when excessive amount of ammonium fertilizer applied to the soil                            

2.8. Slope Gradient 

Slope gradient is one of the important topographic factors which influence the process 

drainage, erosion run  erosion thereby affects physiochemical properties (Farmanullah, 

2013The suitability of soil for crop production depends on its fertility level, which is 

evaluated based on the quality of the soil physiochemical ad biological properties. One 
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of the naturally occurring soils forming factor that affecting soil properties and 

controlling soil erosion process through the redistribution of soil particles and soil OM is 

topography (Ziadat and Taimeh, 2013).Soil loss could be increase in slope gradient 

because of respective increase in velocity of surface run off and decrease in infiltration 

rate. According to Bezuayehu et al. (2002) states that  soils on steep slope are generally 

shallower their nutrient and water storage capacities are limited. They suggested that 

when soils in areas having steep slopes are exposed to soil eroding agents, they face 

greater degradation consequence to soil flat areas. 

2.8.1 Effect of slope gradient on soil properties 

Slope gradient affects physical properties of soil which are: Particle size distribution, sand 

content decreases down the slope gradient while clay content increases as slope gradient lowers. 

This is because of removal of the clay particles by erosion is enhanced on the upper slope 

gradient while deposition of these particles occurs on the lower slope gradients. As stated by 

Mohammed et al. (2005) finer soil materials which are coming from the upper position deposits 

at the lower slope gradient.  Slope gradient also affects soil chemical properties. The lowest pH 

value was found in steep slope gradient and highest pH found in gently sloping gradient  (Nega 

and Heluf, 2013). The lowest pH in soils of moderately steep slope gradient could be attributed 

to the loss of basic cations through runoff and erosion. This increases the activity of H
+ 

ion in the 

soil solution and reduces soil pH and there by increases soil acidity. They argued that highest 

basic cations concentration and pH were found at bottom slope position. The variation could be 

contributed by the effect of slope gradient on the soil moisture storage capacity and biomass 

production. In the gently sloping area, the soil moisture storage is better and resulting in better 

biomass production. In the strongly slopping moderately steep areas, there could be high 
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drainage, low moisture storage and less biomass production there by decrease soil organic matter 

content (Mulugeta and Kibebew, 2016). The lowest exchangeable bases found in steep slopes 

whereas highest value of exchangeable bases found in gently sloping areas due to increasing 

trend of exchangeable basic cations concentration from moderately steep to gently sloping 

gradient, which might be due to their loss through runoff and erosion in the highest sloping areas 

and accumulation in areas having lower slope (Mulugeta and Kibebew, 2016). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area  

3.1.1. Location  

    The study was conducted in West Azernet Berbere Woreda which is located southern 

nation nationalities and people‟s regional state, western part of silte zone that is bounded 

to Southwest by Hadya zone (Mish woreda) and on the Northwest Gurage zone 

(Endegagn  and Geto  woreda), on the East ,East Azernet Berbere Woreda, The Woreda 

capital town is Lera, Which is located at distance of 85km and 258km from zonal capital 

town Worabe and Addis Abeba respectively(Woreda transport office document).The 

total land area of woreda is estimated 18994 hectare, and total study area is 743 hectare. 

The geographical location of study area extends from 8⁰56´69'' to 8⁰34´52''N latitude 

and from 3⁰85´19'' to 3⁰74´14'' E longitude Woreda Agriculture Sector (MABW, 2021) 
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                                      Figure1: Geographical Map of Study Area 
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        Figure 2: mean monthly rain fall (mm), minimum and maximum temperature (0C) of 

study area  

                   3.1.2. Topography, Soil Type and Climate 

  The topography of the woreda is generally characterized by flat plain 11%, steep slope 

37% and moderately sloping 17% and rugged mountains 18% and 17% are others. The 

relief of the study Area varies from 2500-3277 m from above sea level.  The agro 

ecology is Moist Dega (69.72%)  Moist Weina is Dega (30.28 %.The major soil types 

include Nitosols and cambisols.According to soil color 75% is brown,7.5%black and 

17.5%red( MAWAO). The agro ecology is 100% Dega. The mean annual rainfall 

distribution ranges between 900mm up to 1400mm and mean annual temperature ranges 

between16-19ºc. (Mirab Azernet berbere woreda office document 2011). The study area 

experiences rainfall from March to April (small rainy season) and from June to July 
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(main rainy season) and those indicates that in the area rainfall condition shows bimodal 

distribution pattern, and the mean annual rainfall was range from 900mm-1400mm. 

Temperature varies between the mean annual maximum of 19
o
c and mean annual 

minimum of 16
o
c across the slope gradient (NMA, 2017). 

3.1.3. Population and Economic activity 

According to information obtained from Woreda Finance and Economic development 

office, the total population for the year 2012 is estimated to be 95158. Among total 

number of population 43581 males and 51577 females. In the woreda Crop productions 

are the first main economic activity.  The major development challenges of the area 

include poor productivity. Due to Soil degradation, dependency on rain fed agriculture, 

and Poor socio- economic services. (Mirab azernet Berbere woreda FED office 

document 2012). 

3.1.4. Vegetation and Major Crops 

The regional and local geology of study area is generally characterized by geological 

formation of Quaternary (resent sediments) and Tertiary basaltic flows consisting of 

ignimbrite (found inter bedded with the plateau basalt, basalt occupy the lower elevation 

and trachyte of study area (woreda agriculture office). The major food crops produced in 

the study area are: Enset, Wheat, barley, Bean, pea, fruit crops and the major vegetables 

are Potato, Cabbage, Garlic, Onion, etc. The main land use systems are cultivated lands 

(potato, barley, wheat, pea, bean and enset), grazing lands (GL), natural forest and man-

made forests. 
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3.2. Site Selection 

Before the start of the study reconnaissance survey was conducted during off season. 

During surveying, the general geography of the area was identified. The sub area was 

selected using the following criteria: district which has different land use types, Its 

representativeness on the basis of sever yield reduction problems in the district Then, 

three land use types (cultivated, grazing land and natural forest) was selected within the 

sub watershed according to similarity in soil type, climate condition, slope gradient and 

altitude. Land use types that bordering each other with in the respective land use types 

selected for soil sampling. 

3.3. Soil sample collection and Analysis  

Composite soil samples were collected randomly at equal interval in adjacent land use 

types (cultivated, grazing, and natural forest) lands by blocking each slope gradients 

which were: upper, middle and lower level of slope gradients  . Along the plot with three 

replications was used for soil sampling under each land use, soil samples was obtained 

from a plot with dimension of 10mx 10m at constant depth 0-20 cm, following lay out 

design. The 20 subsamples from each plot were mixed to form one composite sample. 

(Three replications*three land use types*3 slope gradients) by using randomized 

completely block *design (RCBD) method.  

Total of 27 composite samples was collected from the sub watershed which was carried 

out to Wolkite soil laboratory research center. Standard laboratory procedure was 

followed in Wolkite soil laboratory research center for the analysis of the selected 

physiochemical properties which were considered in the study.  
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3.3.1. Analysis of soil physical properties 

Soil particle size distribution (texture) was analyzed by the Bouyoucus hydrometer 

method (Bouyoucus, 1962) after the soil samples were dispersed with sodium 

hexametaphosphate Na6 [(PO3)6] using H2O2 as an oxidant (Omueti, 1980). Soil bulk 

density was measured from the core sampling method after drying the soil samples in an 

oven at 105C
0
 to constant weights (Black, 1965), while particle density (PD) was 

measured using the pycnometer method (Barauah and Barthakulh, 1997) at Wolkite  Soil 

Research Center. Total porosity (TP) was calculated from the values of bulk density (Pb) 

in g cm
-3

and particle density (DP) in g cm
-3

(Brady and Weil, 1996). 

  3.3.2. Analysis of soil chemical properties 

Soil pH was measured potentiometrically in 1:2.5 soils: H2O using a combined glass 

electrode pH meter (VanReeuwijk, 2002). The cation exchange capacity (CEC) of the 

soil was determined at pH 7 from the NH
+4

 saturated samples that was subsequently 

replaced by K from a percolated KCl solution (Chapman, 1965). Organic carbon content 

of the soil was determined by the wet combustion procedure of Walkley and Black 

(1934). Organic matter was determined by multiplying OC by 1.724. Exchangeable Ca 

and Mg was determined by using atomic absorption spectrophotometry (AAS), while 

exchangeable Na and K was  measured by flame photometer from the same extract 

(Chapman, 1965). Total exchangeable acidity was determined by saturating the soil 

samples with 1 M KCl solution as described by Rowell (1994). From the same extract, 

exchangeable Al in the soil samples was determined. 
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 Available P was extracted by the Bray II method (Bray and Kurtz, 1945) using 0.03 M 

NH4F and 0.1 M HCl solution. The total N content of the soil was determined by wet-

oxidation procedure of the Kjeldahl method (Bremner and Mulvaney, 1982).  

 3.4. Method of data analysis 

Land uses and slope gradients were taken as main factors. The data were collected and 

summarized according to land use types and slope gradients. The data obtained from 

laboratory analysis it was subjected to two -way analysis of variance 

(ANOVA)following the General Linear model (GLM) procedure using SAS software 

version9.4(SAS, 2013)  For statistical and data interpretation of acidity related physical 

and chemical properties of soil on land use types and slope gradients. Least significant 

difference (LSD) at probability 5% (P≤0.05) test was used to separate statistically 

significant means of soil parameters, In addition simple correlation analysis was carried 

out by calculating the Pearson‟s coloration coefficient to determine relationship between 

soil acidity parameters and acidity related physical and chemical properties. 
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                              4. RESULTS AND DISCUSSION 

4.1. Effects of Land Use and Slope Gradient on Soil Physical Properties 

       4.1.1. Soil particle size distribution  

The analysis of variance (ANOVA) results indicate that except silt, sand and clay 

particle size distributions were significantly (P ≤ 0.05) affected by under different land 

use types and slope gradients (Table1). Accordingly the highest clay content (37.22%) 

and silt (35.11%) were found in soils of the cultivated land and forest land respectively 

while the highest sand (40.88 %) content was recorded in soils of grazing. There were no 

significant different between among natural forest and grazing lands. (Table1) .The 

lower content of clay fractions in forest land may be due to the process of relatively low 

weathering rate and continual illuviation of clay content from the top soil. These soils 

might be prone to acidity and leaching of some nutrients due to the high sand contents, 

high rain fall and very high susceptibility to soil erosion of the area. The intensive 

cultivation which might cause compaction on the surface soil that reduces translocation 

of clay particles by tillage activities in line with the findings of Waken (2001) and 

Jaiyeoba (2001).proportion of clay, silt and sand were ranged from to(24.74 to 

37.22%,30.90 to35.11%,29.66 to40.88%) respectively.  
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Table 4.1.The main effect of land use Type sand slope gradients on particle size 

distribution 

 

Means within a columns followed by the same letter(s) are significantly different from 

each other at P < 0.05, LSD = Least significant difference and CV = Coefficient of 

variation 

Treatments     Particle size distribution (%) 

Land uses Types  Sand       Silt  Clay Textural 

Class 

Cultivated land 29.66
b
 33.11

a
  37.22

c
 Clay loam 

Grazing                                             40.88
a 

        30.9
a
  28.22

ab  Clay loam  

 

Forest         40.15
a
 35.11

a
  24.74

a
   Loam 

LSD          9.22 11.109  11.6  

Slope gradient         

10-15% 

5-10%                                                       

37.66
ab 

36.55
a          

 

       33.68
a 

     
     34.05

b    
 

 28.67
a
 

 30.00
a                 

 

Clay loam 

Clay loam 

2-5%         32.86
c
         33.66

b 
 33.55

b
 Sandy Clay 

loam 

LSD (0.05) 0.015    0.03    0.75   

CV (%) 24.95    29    28.5   
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There was significant difference in percentage of sand and clay content (p ≤ 0.05) as a 

result of the main effect of slope gradients except silt .The mean value of sand fraction 

was higher (37.66%) in upper10-15% slope classes and lower (32.86%) value was 

recorded in 2-5%r slope classes areas. Whereas the higher silt (33.68%) content was 

recorded in 10-15% slope classes and lower silt (33.66%) content were recorded in 2-5% 

slope classes. Whereas, higher clay (33.55%) content was recorded in 2-5% and lower 

clay (28.67%) content were recorded in 10-15%classes slope (Table1). It was revealed 

that the clay fraction indicated an increasing order as slope gradient lowers while the 

sand fraction showed a decreasing order down the slope gradient. This is due to the 

removal clay particles by erosion on the upper slope gradient while deposition of these 

particles occurs on the lower slope gradient. This agreement is lined with Mohammed et 

al. (2005) found that finer soil materials are deposited at the lowers slope position, 

which are coming from the upper position. 

      4.1.2. Bulk density and Total porosity 

Soil bulk density and total porosity were significantly different P≤0.001) due to the 

interaction effect of land use and slope gradients.  

Total porosity of the soils of the study area varied significantly (P ≤ 0.001) among slopes 

(Table2). Accordingly, higher value (74.39%) of total porosity content was recorded on 

l2-5% slope classes, whereas lower (68.3%) value of total porosity content was recorded 

on 2-5% slope classes (Table 2). Low clay content and low OM content was recorded in 

soils of 10-15% slope classes as compared with lower sloping areas. This agreement is 

lined with (Samuel, 2006) total porosity increases as the bulk density decreases while it 

decreases as bulk density increases. Total porosity was significantly (p ≤ 0.001) affected 
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by land use types (Table2). The highest and lowest total porosity were found under 

plantation forest (79.8%) and cultivated land (63.9%) respectively. This agreement lined 

with Wakene and Heluf (2004) the lowest and the highest total porosities were observed 

in the land cultivated for many years and the non-cultivated lands, respectively. This 

result revealed that the conversion of forest land to crop land followed by intensive 

cultivation without integrated soil fertility management reduces total porosity of the soil. 

According to critical value of FAO (2006b) the total porosity f soils (<2%) were rating 

as very low, (5-10%) low, (10-15%) medium, (15-40%) high and (>40%) very high. On 

the basis of these rating the study area had very high total porosity and this implies that 

soils has good aggregation and physically indicates it is suited to crop productivity. Total 

porosity had negatively correlated with bulk density at r=-1.0 and sand at r=-0.41*, 

besides to this positive and significant correlation with OM at(r=0.05) and clay 

at(r=0.33) (Table2). 

Table 4.3 Interaction Effect Land Use and Slope gradient on Bulk density and Total porosity 

Treatments                            Land Use Types 

Slope Gradients 

 

       

Cultivated             

 

Grazing 

 

 Forest  

  

BD(g cm
-3

) 

10-15%   1.2
a
 0.8

a
     0.65

c
    

         5-10 %  0.93
cb

 0.76
ab

     0.53
ab

     

2-5%  0.83
b
 0.6

c
     0.51

a
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LSD (0.05)    0.06  

      

Cv (%)         2.86  

      

Total porosity (%) 

10-15% 

 58
d
 

        

66.3
a
  79.33

a
         

 

5-10%  68.5
c
 

        

74.0
b
 75.5

b
    

         2-5%   64.7
b
         72.5

bc
           74.87

b
    

LSD (0.05)     2.9        

CV (%)           2.7        

Means within a column followed by the same letter are not significantly different at 

P<0.05; BD= Bulk density; PD = Particle density; TP = Total porosity; CV = Coefficient 

of variation; LSD = Least significant difference 

Soil bulk density was also significantly different (p ≤ 0.001) affected by land use types 

and slope gradients (Table 2). Accordingly highest and lowest bulk densities were 

recorded under cultivated land and forest lands respectively. The highest mean value 

(1.35) of bulk density was recorded on the cultivated land lowest bulk density (1.15) was 

recorded under forest land. 

The higher bulk density found under the cultivated land might be related to the intensive 

cultivation practices which temporarily loosen the tilled soil layer and in the long-term 

leads to compaction and this is reason for increment of bulk density. Similarly, 

availability of smallest organic matter content in the cultivated land soils also prone to 
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the highest bulk density. Increment of bulk density value under both cultivated and 

grazing was might be compaction of surface soil due to intensive trampling of livestock. 

This result is in agreement with that of Islam and Weil (2000) and Evren dilk et al. 

(2004).In addition, this result is agreed with the findings of Abad et al. (2014) in who 

indicated that the bulk density of cultivated land was higher than that of grazing lands 

and forest lands. The result also revealed that highest bulk density value (1.32 g/cm3) 

was recorded on 10-15% slope classes and lower value (1.07 g/cm3) was recorded under 

2-5% slope classes. The variation of soil bulk density among slope gradients might be 

attributed to the difference of soil particle size distribution and movement of top soil fine 

particles from the upper slope and deposited at lower slope. This result is agreed with 

findings of Mulugeta and Kibebew (2016) said that the bulk density of the soils in upper 

slope was highest (1.32 g/cm
3
) as compared with lower slope (1.07 g/cm

3
).  

According critical value sated by Hazelton and Murphy (2007) bulk density of the soil is 

as very low (< 1 gcm
-3

), low (1-1.3 gcm
-3

), medium (1.3-1.6gcm
-3

), high (1.6 -1.9 gcm
-3

) 

and very high (> 1.9 gcm
-3

).Therefore, on this rating the result of the study area could be 

categorized as medium for grazing and cultivated lands and low for natural forest land 

(Table2). Significant and negative correlation of bulk density with clay at r=-0.33 

fraction and significant and positive correlation of bulk density with sand at r=0.41* In 

addition bulk density had significant and negative correlation with organic -matter at r=-

0.44*). 
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         4.2. Effects of Land Uses and Slope Gradient on Soil Chemical Properties  

     4.2.1. Soil reaction (pH) 

Soil pH was significantly (p ≤ 0.001) affected by the interaction effect of land use and 

slope gradients 

 PH value was significantly (p ≤ 0.001) affected by slope gradients. Highest PH value 

(5.9) was recorded under 2-5% slope gradients and lowest PH (5.3) value was recorded 

in 10-15% slope classes. The lowest PH in soils of upper slope gradient might be 

attributed the loss of basic cations through run off and erosion. These in turn increases 

the activity of H
+
 in the soil solution and reduce soil PH. This result revealed that 

findings of Nega and Heluf (2013) stated that loss of base forming cations due to 

leaching and run off generated from accelerated erosion reduces soil PH by increasing 

soil acidity. PH was significantly (p ≤ 0.001) affected by land use types (Table 2). The 

highest soil PH (6.0) value was recorded under forest land whereas the lowest value of 

soil pH (5.2) content was recorded under cultivated land as compared to grazing lands 

.This might be due to the  removal of basic cations from crop harvesting, through surface 

runoff, which created from accelerated water erosions because of depletion of protective 

vegetation On the other hand, low PH values of these land use types could be application 

of inorganic fertilizer application and severe base leaching by the high rainfall (Ndukwu 

et al.,2009). Additionally, over grazing might be responsible for leaching of basic 

cations that can lead to acidity of the area in grazing land use types. These results were 

in agreement with the reports of many research findings (Wakene and Heluf, 2006; 

Tesema et al., 2008; Achalu, 2012). The range of soil-water PH interpretation was 

according to Jones (2003), soil pH level (< 4.5) is rated as extremely acidic, (4.5-5.0) 

very strong acidic, (5.1-5.5) strong acidic, (5.6-6.0) moderate acidic, (6.1-6.5) slightly 
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acidic, ( 6.6-7.3) neutral, (7.4-7.8) slightly alkaline, (7.9-8.4) moderately alkaline, (8.5-

9.0) strongly alkaline and > 9.1 is rated as very strongly alkaline, the PH of the studied 

soils found between  strongly acidic to moderately acidic. Soil PH was significantly and 

positively correlated with CEC, OM, Clay fraction and PBS at r=0.49*, r=0.44*, r=0.22, 

r=0.41* and negatively correlated with bulk density, sand exchangeable acidity at(r=-

0.6*), at(r =-0.18), at(r=-0.74**) (Table 3) 

4.2.3. Exchangeable acidity and Exchangeable aluminum  

Exchangeable acidity and Exchangeable aluminium were significantly ≤affected by the 

interaction effect of land use and slopes. 

Exchangeable acidity (EA) was significantly (P≤0.01) affected by under the different 

land use types. The highest and lowest exchangeable acidity value (1.305cmole (+)/kg) 

and (0.14cmole (+)/kg obtained from cultivated land and forest land respectively. These 

results show that intensive cultivation and application of inappropriate inorganic 

fertilizers leads to the exchangeable acidity content under the crop field. This finding 

was agreed with (Wakene Negassa, 2001). In general the highest exchangeable acidity in 

cultivated land indicates mainly caused by of continuous cultivation and removal of 

basic cations by crop uptake. In addition the development of soil acidity might be due to 

over grazing lands which bring exposure of sheet and rill erosion. Similarly root cause of 

acidification of grazing  land is NO
3-

  leaching and buildup of soil organic matter this 

reported by Beecher and Lake (2004).The rate of soil acidification is determined by on 

the rate acid added to the soil and mainly related to the soil types, land use types and 

rainfall  Helyer (1991). Exchangeable acidity was highly significantly (p ≤0.01) affected 

among slope gradients (Table3). The higher and lower values of Exchangeable acidity 
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content were recorded for areas from10-15% slope (0.73cmolc kg
-1

) and 2-5% slope 

classes (0.51cmolc kg
-1

) of the study area, respectively this result revealed that variation 

soil PH on slope gradients was due to different factors like, movement of clay particles 

and shifting of basic cations due to erosion from upper to down slope. Soil acidity was 

positively correlated with exchangeable Al and Exchangeable Al was not significantly 

(P≥0.05) affected by forest land. It was significantly (p≤0.05) affected by cultivate lands 

and grazing lands. Numerically Highest (1.305 cmolc kg
-1

) and lowest (0.15 cmolc kg
-1

) 

mean value was recorded under cultivated lands and grazing lands respectively (Table 

4).Exchangeable Aluminum was also significantly different (P≤0.05) among slope 

gradients (Table4). The lower and higher values of Exchangeable Aluminium were 

recorded for areas from upper slope gradient (1.25cmolc kg
-1

) and lower slope gradient 

(0.15cmolc kg
-1

) of the study area, respectively. The significant variation of 

exchangeable Al between cultivated land forest lands associated with different between 

value of soil pH and exchangeable acidity. This is agreed with (Abdissa, 2018). 
 

Exchangeable Al was negatively correlated (r = - 0.09) pH, PBS(r=-0.11) and positively 

correlated (r=0.026*) with exchangeable acidity (Table 4). On the other hand, 

exchangeable Al was observed significantly in the soil in two land use types of the study 

area since the pH of the two land use types is less than in 5.5(cultivated and grazing 

lands) at which free Al
3+

 is available in the soil solution. This is supported by Parfitt et 

al. (1995) who considered that Al
3+

 increases in concentration in soil solution below5.5. 
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Table 4.4 The main effect of land use Types and slope gradients on Exchangeable 

acidity exchangeable, exchangeable aluminum and Ph (H2O)  

Treatments 

  

      

  
Ex.acidity  EX.AL           Ph   

Land uses Types         

         Cultivated 
1.3

a
  1.2

a
 5.2

a
 

  

         Grazing 0.49
c
  0.49

b
 5.4

b
 

  

Forest 0.14
b
   0.06

c
 6.0

c
 

  

LSD (0.05)  0.20     0.42 0.03   

Slope Gradient         

10-15% 0.73
a
    1.25

a
 5.3

a
 

  

          5-10% 
0.71

a
    0.44

b
  5.5

b
 

  

         2-5% 
0.51

b
    0.15

b
  5.6

c
 

  

LSD (0.05) 0.20    0.42  0.03   

CV (%)  22.75    25.05  4.2   

CL= Cultivated land G= grazing land, F= forest land, EA= exchangeable acidity, Ex. 

Al= exchangeable aluminum, CV= Coefficient of variation, LSD=least significant 

difference. Means within column followed by the same letter are not significantly 

different each other at P <0.05 
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         4.2. 4. Soil organic matter 

Soil OM was significantlyP≤0.001 affected by the interaction on land use type and slope 

gradients 

The mean soil OM was significantly different (p ≤ 0.001) among slope gradients (Table 

6). The higher OM content (4.4 %) was found in soils of 2-5% slope classes whereas; the 

lower OM content (3.41%) was recorded in soils of 10-15% slope classes (Table 6).This 

result is in agreement with the work of Mulugeta and Kibebew (2016) reported that the 

variation could be related to the effect of slope gradient on soil moisture storage capacity 

and biomass production. Organic matter content was also significantly (P≤0.001) 

affected by in land use types. Highest (4.4) and lowest (3.31) mean value was recorded 

under forest land and cultivated land respectively. Soil organic matter content has 

directly related to soil acidity. This due to intensive cultivation and total removal of 

basic cations had significantly depleted soil OM that led to soil acidity problem. 

Due to this Minimizing continuous cultivation hastens microbial break down of soil 

organic matter through respiration and improves aeration. This shows that in the study 

area intensive tillage and removal of crop residues had highly depleted soil OM that led 

to soil acidity problem. As stated by (Roose and Barthes, 2001) it also increases 

susceptibility of the soil particles to detachment and removal by water during the erosion 

process. 

The high concentration of organic matter under the natural forest land could be due to 

accumulation of organic matter because of soil disturbance little as compared to the 

cultivated and grazing lands. Both preferential flow along trees roots and accumulation 

of absorbent humus on the soil surface increases Water infiltration, this highly reducing 
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the velocity, volume, erosive and leaching capacity of surface runoff (Jiang et al., 1996). 

In contrast, distribution of livestock practices in grazing land use types and continuous 

cultivation without fallow in cultivated land use types was responsible for soil acidity 

problem. In general, poor integrated soil nutrient management in cultivated land and 

livestock in grazing land prone to poor organic matter content. This result was in 

agreement with Tesema et al. (2008) and Achalu et al. (2012) who stated that when 

amount of biomass return less in the same way content of OM is less in the cultivated 

and grazing lands. The organic matter content was below optimum value in all land use 

types based on McWilliams (2003) who said optimum organic matter ranges 11-20.  

The other land use types had low organic matter (3.31-4.4%) as compared to organic 

matter content requirement of most crops. According to Williams (2003), the lower 

category of organic matter is 0-10%. High decomposition rate of organic matter 

aggravates acidification of the soil in cultivated land use types. Soil organic matter was 

positively and significantly correlated with PH(r=0.44*), clay(r= 0.09), CEC(r=0.42*) 

and exchangeable cations (Table 7).However, OM correlated with negatively and 

significantly BD (r=-0.44*), sand (r=-0.008) clay is poor in aeration slow in drainage 

properties resulting in slow oxidation process in the soil system since sand particles 

allows further decomposition of organic matter. This result is in line with the 

investigation of (Teshome et al., 2013).  

         4.2.5. C: N Ratio 

The C: N ratio was significantly (P ≤ 0.05) affected by all land use types. Higher C: N 

(11.1) value was recorded in forest land and lowest C: N (9.1) value was recorded in 

cultivated land. The narrow C: N ratio in cultivated land might be due to low fresh 
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organic materials incorporated into the soil. This result is in agreement with the finding 

of Achalu et al. (2014) who reported that the narrow C: N ratio in soil of cultivated land 

was attributed to higher microbial activity and more CO2 evolution. It was also agreed 

with findings of Yihenew and Getachew (2013) found that the higher C: N in natural 

forest than the adjacent, grazing and cultivated lands. 

C: N ratio was also significantly (P≤0.05) affected by all slope gradients. Highest value 

of C: N (12.1) recorded under 2-5% and lowest value (10.42) was recorded under 10-

15%slope classes. The finding revealed that low value of C: N content was due to down 

movement of carbon to nitrogen ratio to lower slope. 

       4.2.6. Total nitrogen 

Total nitrogen was significantly (p ≤ 0.01) affected by the interaction effect of land use 

and Slope gradients 

 The mean value of total N was significantly (p ≤ 0.05) affected by slope gradient (Table 

6).The higher total N content was recorded under 2-5% slope classes (0.24%) while, 

lower was recorded 10-15% slope classes (1.98%) (Table).Finding is agreement lined 

with Mulugeta and Kibebew(2016) revealed that total N an increasing trend from high  

to lower  slope gradients, which might be due to their downward movement with runoff 

water from higher slope gradient and accumulation there at the lower slope gradients. 

The total nitrogen content was significantly (P≤0.05) affected by all use types. Highest 

(0.23) and lowest (0.15) content of mean value were recorded under forest and cultivated 

land respectively. This might be reason that due to low amount of organic matter applied 

to the soils and complete removal of biomass from the cultivated field the findings 

indicated that agreement with that of(Yihenew Gebreselassie, 2002).According to Barber 
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(1984) rates that percent of TN greater than 0.4 percent to be very high, 0.3-0.4percent 

high, 0.2-0.3 medium 0.1-0.2 percent low and less than 0.10 very low; result was 

indicated that the total nitrogen content of forest and grazing land use types were 

medium and content of nitrogen in cultivated land is low. This result is agreed with, 

several researchers indicated that Ethiopian cultivated lands have insufficient total 

nitrogen due to high leaching lose, crop removal, loss of organic materials and 

inadequate application of N fertilizers (Yifru and Taye, 2011; Abebe and Endalkachew, 

2012 and Nega and Heluf, 2013).Decline in organic matter content is direct relation total 

nitrogen. The low N value in the grazing land could be over grazing of livestock 

trampling. The other reason could be continuous cropping without replacement of 

nutrients. The low carbon input from the agriculture subsistence agricultural system 

could not compensate for the large mineralization of organic matter on the farm fields 

and N-losses. Total N had positive and significant correlation with organic matter (r = 

0.49*), silt (r =0.07), CEC (r = 0.02) while negatively correlated with sand (r = -0.03) 

and bulk 

Density (r = -0.57*). 

   4.2. 6. Available phosphorus 

Available phosphorus was significantly (p ≤ 0.01) affected by the interaction effect of 

land use and Slope gradients 

The available phosphorus contents of the soils were also significantly (p ≤ 0.001) 

affected by land use types (Table4). The highest available phosphorus was recorded 

(5.64 ppm) under forest land and lower available phosphorus was recorded (3.2ppm) 

under grazing lands. The results obtained from this study are in agreement with that of 
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Ahmed (2002) who observed that the lowest concentration of was found under the 

grazing land and higher Av. P found under cultivated lands. Higher available phosphorus 

in the cultivated land is due to the continuous application of Phosphorus containing 

fertilizers. Wakene (2001) reported similar results with this study, the high concentration 

of available phosphorus was found under cultivated lands as compared with grazing 

lands 

The result of analysis of variance revealed that available phosphorus was highly 

significantly (p ≤ 0.01) affected by slope gradients (Table4).Although; upper and middle 

sloping areas were non-significant. The current study indicates that available phosphorus 

increased with the decreased slope gradient classes. The highest value of available 

phosphorus content was recorded (4.61 ppm) under 2-5% slope classes and the lowest 

value of available phosphorus content was recorded (3.93ppm) under 10-15% slope 

classes. The variation of available P content among the slope gradients is paralleled with 

that of OM content. This agreement is lined with Fisseha et al. (2014) found that low 

available P with in soils having low content of OM. However, Nega and Heluf (2013) 

conclude that available P content of tropical soils did not necessarily decrease with 

decrease OM. Av. P was positively correlated with OM(r=0.54*) , CEC(r=0.57**), Ca
+2

 

(r= =0.76**), Mg
+2

 (r = 0.77**), K
+

 (r = 0.82**), and Na
+

 (r = 0.69*), respectively, but 

negatively correlated with BD(r=-0.8**) sand( -0.09). Available phosphorus  as rated by 

Barber (1984), < 5 mg kg
-1

 rating as very low, (5- 10 mg kg
-1

) low, (10-25 mg kg
-1

) 

medium, (25-50 mg kg
-1

) high and rating > 50 mg kg
-1

 is very high. According to this the 

result of study area showed that in  forest land value of available phosphorus was low 
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and value of  cultivated and grazing lands were very low, all slope gradients also  low 

very contents of available P. 

 Table 4.6. The main effect of land uses types and Slope gradient on Soil organic matter, 

carbon to nitrogen ratio, total nitrogen and available phosphors 

Treatments 

  

    

  SOM(%) C:N TN (%) Av.P 

Land uses Types       

         Cultivated       3.31
b
 9.1

ba
 0.15

ab
         4.2

b
 

Grazing 
      3.6

b
 10.1

b
 0.21

a
 3.2

a
 

Forest 
      4.4

a
 

11
c
 0.28

c 
 5.6

c
 

LSD(0.05)       0.35 0.20 0.06 0.50 

Slope gradient       

        10-15% 3.48
ab

 10.42
b
 0.19

b
 3.93

ab
 

         5-10%  3.41
a
 11.2

ab
 0.18

ab
 4.5

ab
 

2-5% 4.4
c
 12.1

c
 0.22

a
 4.61

b
 

LSD (0.05) 0.35 0.2 0.06 0.508 

CV (0.05%)  9.5 9.2 14.32 11.66 
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* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P ≤ 0.001; Av.P= 

Available phosphorus; TN = Total nitrogen; Om = Organic matterppm = Parts per million; 

cmolc/kg = Centimol charge per kilogram; OM=organic matter. 

      4.2.7. Soil acidity and soil properties relationship in different land uses 

There is a strong Relationship between soil acidity and other soil properties from soils of 

different land uses. The correlation analysis indicates that soil pH (H2O) is strongly 

significant (p<0.001) and positively correlated with total CEC(r=0.49*) and percent base 

saturation(r=0.42*) but negatively correlated with exchangeable acidity (r=-0.61*). 

This result was in agreement with the finding of Yihenew Gebreselassie (2002) at who 

observed that PH is highly significant (p<0.001) and positively correlated with 

exchangeable bases whereas high significant and negatively correlated with 

exchangeable acidity. Correspondingly, available phosphorous was highly significant 

(p<0.001) and negatively correlated with level of exchangeable acidity(r=-0.83**) and it 

is strongly (p<0.01) and positively (r=0.78**) correlated with soil pH (H2O). The 

Availability of phosphorous is strongly influenced by soil pH. The form of phosphates 

ions present in the soil changes with pH. This finding is in agreement with (Mclarenn 

and Cameron, 1996).In general the result of the correlation analysis showed that 

exchangeable acidity have strong correlation with pH, CEC, and Av.P but, there was 

weak correlation with Nitrogen and organic matter contents of the soils in the study 

areas. Mg was significantly (p<0.001) affected by all land use types. Highest 

(7.7cmolc/kg) and lowest (5.2) mean value were observed in forest and cultivated 

respectively. It was strongly and positively correlated PH (0.61*) and negatively (-

0.66*) correlated with exchangeable acidity.  
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 The Ca value was significantly affected by (p ≤ 0.001) due to interaction effect of land 

use and slope gradients 

Ca was significantly (P≤0.001) affected by all land use types. Highest (14.95cmolc/kg) 

and lowest (12.29cmolc/kg) were recorded in forest and cultivated land respectively. It 

was also significantly (p≤0.001) affected by among slope gradients. Highest 

(14.64cmolc/kg) and lowest value Ca content (12.37cmolc/kg) was recorded on lower 

and upper slope gradients. As described by Mulugeta A, etal. (2015) Exchangeable 

calcium was strongly correlated with soil acidity. Result revealed that highest value Ca 

content at lower slope was due to removal of soil materials from upper slope areas 

through runoff, erosion and areas in lower slope.  

 Na was significantly (P≤0.05) affected by due to interaction effect of by the land use 

type and slope gradients 

The result revealed that exchangeable Na was (P≤0.01) affected by all land use 

tyes.highest (2.61cmol/gm) and lowest (1.5cmolc/kg) value was recorded in forest and 

cultivated land respectively. It also significantly (P≤0.01) affected by among slope 

gradients Highest (1.96cmolc/kg) and lowest (1.6cmol/kg) Na content was recorded in 2-

5% and 10-15% slope classes. Na was not significantly (P≤0.05) affected by due to 

interaction effect of by the land use type and slope gradients 

 Exchangeable K was significantly (P≤0.01) affected by all land use types. Highest (4.06 

cmolc/kg) and lowest (2.3cmolc/kg) value was recorded in forest land and cultivated 

land respectively. The highest exchangeable K was recorded from the surface top soil of 

the forest land as compared to the cultivated and the grazing lands in Exchangeable 

potassium was high as compared to adjacent land use types. This finding is in agreement 
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with the reports of Yihenew et al. (2008). On the other hand, many research results 

showed that presence of low exchangeable potassium, due to intensive cultivation 

weathering, and use of acid forming inorganic fertilizers on acid soils affect the 

distribution of K in the soil systems and increase its depletion in cultivated lands 

(Mesifin, 2007; Tesema et al., 2008; Achalu et al., 2012).  

The decreasing trend of exchangeable K, Ca and Mg concentration in the cultivated and 

grazing land use types could be the leaching effect due to intensive cultivation, removal 

of crop residues. Moreover, soil erosion, overgrazing and crop harvest removal for the 

past decades contributed for the depletion of K, Ca and Mg in the cultivated and grazing 

lands. This is in agreement with the findings of different reasrechers who shows that 

continuous cultivation and use of acid forming inorganic fertilizers depleted 

exchangeable Ca and Mg. (Mesifin, 2007, Tesema et al., 2008; Achalu et al., 2012). 

Exchangeable k was (P≤0.01) significantly affected by slope gradients. Highest value 

(3.5cmolc/kg) and lowest value (2.94cmolc/kg) was recorded on 2-5% and 10-15% slope 

classes. According to Siraj B, et al. (2015) Mulugeta A, et al. (2015) and Fanuel L, et al. 

(2016) who revealed that exchangeable potassium was significantly influenced by the 

slope gradient classes. In general to decrease soil acidity problem and increase 

exchangeable base it is recommended to apply compost, lime, organic wastes, and 

farmyard manure and practicing plantation of forests, involve water and soil 

conservation practice and avoid livestock trampling on the boarder of cultivated as well 

as grazing lands.  
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Table.4.8. the main effect of land uses types and slope gradients on Soil exchangeable base 

and present of base saturation
 

                          Exchangeable bases (cmolc/kg)   

Treatments            Ca  Mg   K  Na CEC PBS (%) 

    Land uses Types   
 

      

Cultivated  12.29
c
  5.24

c
  2.3

c
  1.22

b
 28

c
 75.07

a
 

Grazing  13.52
b
  6.41

b
  3.05

b
  1.5

b
 32.2

b
 78.74

b
 

Forest  14.95
a
  7.77

a
  4.06

a
  2.61

a
 34.8

a
  83.4

c
 

LSD(0.05)  0.77  0.66  0.40  0.52 2.05   2.11 

slope gradient           

10-15%  12.37
a
  6.03

b
  2.94

a
  1.6

a
 30.9

a
  71.68

a
 

5-10  12.74
a
  6.53

b
  2.97

a
  1.76

a
 32.35

a
   80.03

b
 

2-5  14.64
c
  6.7

a
  3.5

a
  1.96

a
 32.8

a
   85.6

c
  

LSD (0.05)  0.77  0.66  0.401  0.52 2.05    2.11 

CV (%)    5.7  10.37  12.77  18.5 6.41   10.41 

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

cation exchange capacity;PBS=Percent Base saturation. 

Cation exchange capacity was significantly (P ≤ 0.001) affected by all land use types. 

Highest (33.63%) and lowest (30.46%) value of CEC were recorded under forest land 

and cultivated land respectively. And it was also (P ≤ 0.001) significantly affected 

among slope gradients. Highest (32.85cmolc/kg) and lowest (30.9) contents of CEC 

were recorded on 2-5% and 10-15% slope classes respectively. The lower CEC in the 

upper sloping areas was in line with the relatively low organic matter and clay content. 

This is in agreement with the finding of Teshome et al. (2013) reported that CEC was 
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positively correlated with soil OM and clay content. This indicates that CEC was 

affected by the contribution of soil OM and clay content. The lower soil CEC values in 

the cultivated land  due to the low clay and OM contents, CEC showed strong positive 

correlation (r = 0.49*, 0.42*),(r= with PH and OM , respectively (Table 1.6). This result 

in agreement with Achalu et al. (2012a) who reported the highest CEC value in forest 

land and lowest under cultivated land. Reports also indicated that high CEC in forest 

land direct relation to OC content (Pal et al., 2013). Based on CEC ratings developed by 

Hazelton and Murphy (2007), the CEC of the soils was rated as moderate under all land 

use types.  

PBS was significantly higher (P ≤ 0.01) by the interaction effect of land use type and 

slope gradients 

The PBS was significantly higher3 (P ≤ 0.05) under forest land among the land use 

types. Highest (83.07) content of PBS and lowest (75.07) content of PBS were recorded 

in forest land and cultivated land respectively. This might be due to the relatively high 

OM content and less leaching losses of basic cations of the forest land compared to 

cultivated and grazing lands. The highest amount of PBS in the natural forest could also 

be because of the amount and nature of the clay particles and lower acidity status. The 

cultivated land of the study area was lowest in PBS due to intensive cultivation and high 

crop residue removal. This is reported by Achalu et al. (2012a) and Fassil and Charles 

(2009) who states that cultivated land has lower values of PBS. And it was significantly 

(P≤0.05) among slope gradiets.Highest (85.6) value of PBS and lowest value of PBS 

were recorded on lower and upper slopes respectively. This result lined with findings of 

Mulugeta A, et al. (2015) and Siraj B, et al. (2015) states that PBS was affected by slope 
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classes. According to Hazelton and Murphy (2007), PBS is rated as very high, high, 

medium, low and very low when its values are >80%, 60-80%, 40-60%, 20-40% and 0- 

20%, respectively. Therefore, result of study area revealed that PBS of cultivated  and 

grazing lands were high and areas of forest land were very high.in similar way areas of 

slope gradient middle and upper slopes were high and lower slope was very high. This is 

due to higher accumulation of base saturations in the lower slope.  
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Table 6. Simple linear correlation coefficient on soil acidity assessment under different land use and soil nutrient properties 

measured m 

   BD Av.P TP PH OC TN OM PBS   CEC Ca Mg K Na Ex.acci Ex.AL Sand Silt Clay 

BD     1 -0.8** -1.0 -0.6* -0.44* -0.57* -0.44* -0.44* -0.52* -0.77** -0.7** -0.7** -0.55* 0.74** 0.109 0.41* -0.15 -0.33 

Av.P        1 .86** .78** .53* 0.20 0.54* 0.40* 0.57* .76** 0.77** 0.82** 0.69* -0.83** -0.006 -0.37 0.09 0.22 

TP      1 0.65* 0.44*  0.05 0.44* 0.02 .77** 0.7** .55* 0.41* -0.74** -.0.005 -0.41* 0.01 0.33 

PH          1 .81** 0.48* 0.44* 0.41* 0.49* 0.56* 0.61* 0.84* .67* -0.59* -0.09 -0.18 0.09 0.2 

OC       1 0.49* 0.99*** 0.38 0.42* 0.36 0.48* 0.7** 0.41* -0.33 -0.22 -.005 0.12 0.09 

TN           1 0.49* 0.12 0.02 0.001 0.098 0.35 0.19 -0.028 -0.02 -0.03 0.07 -0.79** 

OM            1       0.37 0.42* 0.36 0.47* 0.7** 0.4* -0.32 -0.22 -0.008 0.12 0.09* 

PBS             1 0.26 0.45* 0.54* 0.41* 0.38 -0.29 -0.11 -0.24 0.11 -0.26 

CEC              1 0.41* 0.49* 0.51* 0.37 -0.61* -0.202 -0.25 0.02 -0.21 

Ca              1 0.78** 0.61* 0.66* -0.66* -0.2 -0.28 0.09 0.15 

Mg                1 0.65* .69* -0.70** -0.09 -0.32 0.04 -0.28 

K              1 .63* 0.70** -0.01 -0.35 0.11 0.19 

Na                 1 -0.61* 0.052 0.13 0.041 -0.13 

Ex.ac

ci 

                   1 0.026 0.39 -0.05 -0.27 

Ex_A
l 

                  1 0.11 -0.35 -0.34 

Sand                        1 -0.11 -0.7** 

Silt                          1 0.6* 

Clay                     1 
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* = Significant at P ≤ 0.05; ** = Significant at P ≤ 0.01; *** = Significant at P ≤ 0.001; BD = Bulk density; OM = Organic 

matter; TN 
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5.  SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1. Summary and Conclusions 

 Soil acidity is one of the major land degradation problems worldwide. About 50% of the 

worlds‟ arable soils are acidic. Soil acidity mostly affects Tropical and sub-tropical 

regions as well as areas with moderate climatic conditions and the tropics and subtropics 

account for 60% of the acid soils in the world. It is also expected that about 43% of the 

total Arable land of Ethiopia is affected by soil acidity. The intensive need to increase 

agricultural production causes great pressure on easily damaged soils and natural 

resources. Such soils contain toxic levels of Al and Mn, are prone to compaction and 

erode easily. Intensive cultivation and acid forming fertilizer applications, characterized 

decline of the soil pH and cause loss in basic cations, especially under intensive cropping 

on inherently poor soils. 

 Even though soil acidity is major limitations for crop production in the study area, there 

are no previous studies taken under soil acidity problem under different land use types 

and slope gradients. Therefore, this research was conducted with the objective to 

assessment of soil acidity under different land use types and slope gradients. Before 

starting the study soil survey was taken to get general information about the land use 

types and slope gradients, climate condition and vegetation cover. Adjacent land use 

types (natural forest, cultivated and grazing lands) and three slope gradients (10-15%, 5-

10%and 2-5%) were identified. Generally 27 composite soil samples were taken place 

for laboratory analysis. 

 The result reveals that except silt, sand and clay particle size distributions were  
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 significantly (P ≤ 0.05) affected by under different land use types and slope gradients  

. Clay content was highest in cultivated land and lowest in forest land and highest in 

lower slope gradients. Sand content was highest in grazing land , lower in cultivated land 

and highest on 10-15% slope classes .Exchangable  bases were significantly  (P ≤ 

0.05)affected by all land use types and slope gradients. Exchangable bases were highest 

in forest land when compared with cultivated land and grazing lands and highest on 2-

5% slope classes.(Table 5). The higher CEC values in the forest land might be due to the 

high OM. CEC was strong positive correlation (r = 0.42*, 0.49**) with OM and pH, 

respectively (Table 1.6). Reports also indicated that high CEC in forest land was 

Associated with OC content (Pal et al., 2013).This might be due to the relatively high 

OM content and less leaching losses of basic cations of the forest land compared to 

cultivated and grazing lands. Available phosphorous was highly significant (p<0.001) 

and negatively correlated with level of exchangeable acidity (r=-0.83***) and it is 

strongly (p<0.01) and positively (r=0.78***) correlated with soil pH (H2O). The 

Availability of phosphorous is strongly influenced by soil pH. The form of phosphates 

ions present in the soil changes with PH.  

In general acidity related physical and chemical properties of soil was decreased in 

cultivated land and increases with decreasing slope gradients. In study area there is 

series soil acidity problem in cultivated land and grazing as compared with forest land. 

These is due to intensive cultivation, continuous use of inorganic fertilizers, leaching of 

basic cations by crop harvesting, high rain fall, over grazing and the sloppy area which 

was not protected by different watershed management practice. Therefore, the study 
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focused that soil acidity is critical problem in study are and wants all responsible bodies 

intervention in order to overcome decline of crop productivity. 

5.2. Recommendations 

The findings of this study showed that there is good implication of properties of soil 

nutrients for future investigations in order to analyze problematic acidic soils and to 

increase crop productivity in west azernet district. Therefore,   

 Special attention should be given to land use change and policy based sustainable land 

management practice in ordered to increase yield of crope productivity 

 It is better to use shifting cultivation, minimize over grazing and using cut and carry 

system.  

 It is important to leave harvesting crop residues which contains base forming cations 

 It is important to add acid ameliorating fertilizers like: lime and OM in the form of 

farmyard manure/compost on farm land. 

 It is important to use appropriate inorganic fertilizer  

 In general further research work is need to use  analyze status of  acidity related soil 

micronutrient status 

 Under different land use types, effect of lime application on crope variety, effect on 

vermiompost on crope yields and status of soil acidity under conserved and non-

conserved land use types in order to overcome soil acidity problem in the study area 

 



51 
 

6. REFERNCE 

Abebe, N., and. and Endalkachew, K. (2012).Physico-chemical characterization of Nitosol in 

Southwestern Ethiopia and its Fertilizer. Global Advanced Research. Journal of 

Agricultural   Sciences. 1(4): 66-73. 

Abdenna, D., Negassa, C.W, and Tilahun, G. (2007).Inventory of Soil Acidity Status in Crop   

Lands of Central and Western Ethiopia. Utilisation of diversity in land use systems: 

Sustainable “and organic approaches to meet human needs” Tropentag, Witzenhausen, p. 

9-11. 

 Abad, R., Hassan, K. and Esmaeil, H. 2014. Assessment the effects of land use changes on soil 

physicochemical properties in Jafarabad of Golestan province, Iran.Environment, 

Pharmacology and Life Sciences.3:P. 296-300.  

Achalu, C., Heluf G., Kibebew, K., and Abi, Tadesse.2012a. Status of selected physicochemical 

properties of soils under different land use systems of Western Oromia, Ethiopia. 

Journal of Biodiversity and Environmental Sciences, 2(3):. 57-71 

Achalu,C., Heluf G., Kibebew, K., and Abi Tadesse.2012b. Effects of Liming on Acidity-

Related Chemical Properties of Soils of Different Land Use Systems in Western Oromia, 

Ethiopia. World Journal of Agricultural Science, 8(6):.560-567. 

 

Achalu, C.2014. Assessment of the Severity of Acid Saturations on Soils Collected from 

Cultivated Lands of East Wollega Zone, Ethiopia. Science, Technology and Arts 

Research Journal 3(4):P. 42-48. 



52 
 

ATA. (2014).Soil Fertility Mapping and Fertilizer blending, Agricultural Transformation 

Agency (ATA), Addis Ababa, Ethiopia. Australian Journal of Experimental Agriculture 

31, pp.321-324. 

Agegnehu,G.Yirga,C.and Erkossa,T. “(EIAR). Addisababa, Ethiopia,” Soil Acidity Management, 

Ethiopian Institute of Agricultural Research, 2019. 

Alvarez,R . Gimenez, A F. Pagnanini et al., “Soil acidity in the Argentine Pampas: effects of 

land use and management,” Soiland Tillage Research, vol. 196, Article ID 104434, 2020. 

. 

Bai, Z., G., Dent, D. L., Olsson, L., and Schaepman, M. E. (2008). Proxy global assessment of 

land degradation. Soil Use Manage. 24, 223–234. 

Barber, S. A. (1984). Liming materials and practices. In „„Soil Acidity and Liming‟‟ (F. Adams, 

Ed.), 2nd Ed., ASA-CSSA-SSSA, Madison, Wisconsin, Pp 171–209. 

Barauah, T., C., & Barthakur, H. P. (1997).A text book of soil analysis. Vikas Publishing 

House. Pvt. Ltd. New Delhi, India. 

 

 Beecher,   G. and Lake, B.2004.soil acidity in irrigated farming systems of southern NSW, 

NSW Agriculture, RIRDC publications NO. 04/007. 

Bekere and Dawud. J. (2013). Growth and Nodulation Response of Soybean (GlycinmaxL.) to 

Lime, Brady rhizobium japonicum and Nitrogen Fertilizer in Acid Soil at Melko, South 

Western Ethiopia. Intenational Journal of Soil Science 8, P.25-31. 

Bird, PR.,  Bicknell, D., Bulman, PA., Burke, SJA. Leys, JF. Parker; JN., Voller, P., Van der 

and Sommen, FJ. (1992).The role of shelter in Australia for protecting soils, plants and 

livestock. Agroforestry Systems 20, 59-86.Black, C.A. (1968). Soil plant-relationships. 

John Willey and Sons, Inc. New York, London. Sydney.792 pp. 



53 
 

Black, C.A, (1965). Methods of soil analysis. Part I, American Society of Agronomy.Madison, 

Wisconsin, USA.p.15-72. 

Bolan NS, Hedley MJ. (2003).Role of carbon, nitrogen and sulfur cycles in soil acidification. In 

“Handbook of soil acidity". New York: Rengel. Z; p. 29-56.Bore, G., and Bedadi, B. 

(2015). Impacts of land use types on selected soil physico-chemical properties of Loma 

Woreda, Dawuro zone, southern Ethiopia. Sci. Technol. Arts Res. J. 4, P.40-48. 

Brady, N., and Weil, R. (2016).The nature and properties of soils, Pearson Education, 

Columbus, EUA. 

Bromfield SM., Cumming, RW, David DJ, and Williams (CH. 1983). Change in soil pH, 

manganese and aluminum under subterranean clover pasture. Australian Journal of 

Experimental Agriculture and Animal Husbandry 121, P.181-191. 

Bronick, C. J., and Lal, R.(2005). Soil structure and management: a review. Geoderma 124, P.3-

22. 

Budianta D, Vanderdeelen J. (1995).Dynamics of exchaneable aluminium in ultisol 

International conference on soil resources and sustainable agriculture Kuala Lumpur, 

Malaysia.  

Chapman, H. 1965. Cation exchange capacity. In: Black, C., Ensminger, L. and Clark, F. (Eds). 

Methods of soil analysis. American Society of Agronomy. 9: P.891-901.  

Conant, R. T., Smith, G. R., and Paustian, K. (2003).Spatial variability of soil carbon in forested 

and cultivated sites. J. Environ. Quality 32, P.278-286. 

Cooke, G.W. (1982).Fertilizer for maximum yield.Thirdedition.Collins Professional and 

technical Books. London, UK.  



54 
 

Coventry, DR. (1992). Acidification problems of duplex soils used for crop-pasture rotations. 

Australian Journal of Experimental Agriculture 32, P.901-914.  

de Sant-Anna, S. A., Jantalia, C. P., Sa, J. M., Vilela, L., Marchao, R. L., Alves, B. J., Urquiaga, 

S., and Boddey,R. M. (2017). Changes in soil organic carbon during 22 years of 

pastures, cropping or integrated crop/livestock systems in the Brazilian Cerrado. Nutr. 

Cycl. Agroecosystems. 108, 101-120. 

Dear, BS (1998) Ecology of subterranean clover growing in association with perennial pasture 

species. Unpublished PhD.Dissertation, University of Western Australia. 

 Eshetu, L. (2011).Assessment of soil acidity and lime requirement for different land uses, 

Addis Ababa, Ethiopia.p.11. 

 Eyasu.E, E.,Okoth., P. and Smaling,E.M.A “Explaining bread wheat (Triticum aestivum) yield 

differences by soil properties 

and fertilizer rates in the highlands of Ethiopia,” Geoderma, 

vol. 339, pp. 126–133, 2019. 

Eyayu, M., Heluf G., Tekaliign, M., and Mohammed A. (2010). Patterns of land use/cover 

dynamics in the mountain landscape of Tara Gedam and adjacent agro-ecosystem, 

northwest Ethiopia. SINET: Ethiopian Journal of Science 33(2): p.75–88. 

 Eyayu, M. (2018).The effects of land use types and soil depth on soil properties of   Agedit 

watershed, Northwest EthiopiaˮF.E.Clark (Eds). Methods of soil   

analysis.Agronomy.Am. Soc.Agro. Inc., Madison, Wisconsin. 9: p.891-901. 

Fageria, N., and Baligar. (2008).Ameliorating soil acidity of tropical Oxisols by liming for 

sustainable crop production. Adv. Agron. 99, p.345-399. 



55 
 

Fageria, N.K. and Baligar, V.C. (2003).Fertility management of tropical acid soils for 

sustainable crop production. In: Z. Rengel, Editor, Hand book of soil acidity, Marcel 

Dekker, New York. Fageria and Baligar, 2003a), p. 359–385. 

Fageria, N.K., and Baligar, V.C. (2005).Enhancing nitrogen use efficiency in crop plants, Adv. 

Agron.88 p. 97–185. 

Food and Agriculture Organization of the United Nations (FAO). 2006b. Guidelines for soil 

description, 4
th

 (ed). Food and Agriculture Organization of the United Nations, Rome, 

2006, pp. 67-71 

 

Gebrekidan., And Negassa. (2006). Impact of land use and management practices on chemical 

properties of some soils of Bako area, Western Ethiopia.Ethiop. J. Nat. Resources. 8, 

p.177-197. 

 Getachew, A, Chilot Y., and Teklu, E.(2019).Soil acidity management Ethiopian Institute of 

Agricultural Research(EIAR).Addis Ababa,Ethiopia p.16. 

Getahun, H., Mulugeta, L., Fisseha, I., Feyera, S., 2014. Impacts of land uses changes on soil 

fertility, carbon and nitrogen stock under smallholder farmers in central highlands of 

Ethiopia: implication for sustainable agricultural landscape management around Butajira 

area. N. Y. Sci. J. 2014,p. 7(2). 

Guo, J. H., Liu, X. J., Zhang, Y., Shen, J. L., Han, W. X., Zhang, W. F., Christie, P., Goulding, 

K. W. T., Vitousek, P. M., and Zhang, F. S. (2010). Significant Acidification in Major 

Chinese Croplands. Science 327,p. 1008-1010. 



56 
 

Haile, H., Asefa, S., Regassa, A., Demssie, W., Kassie, K., and Gebrie, S. (2017). Extension 

manual for acid soil management (unpublished report). (A. T. A. (ATA), ed.), Addis 

Ababa, Ethiopia. 

Hamblin, A. (1996). Agronomy and the environment. In „Proceedings of the 8th Australian 

Agronomy Conference‟. Toowoomba. (Australian Society of Agronomy), p. 33-42. 

Havlin, JL., JD B, SL T, WL N. (2005). Soil fertility and fertilizers: An introduction to nutrient 

managemnt. New Jersey: Pearson prentice hall. 

 

Hazelton, P. and Murphy, B. 2007. Interpreting Soil Test Results: What do all the numbers?    

Mean? 2nd ed. CSIRO Publishing. 

Haynes RJ. Lime and phosphate in the soil–plant system. Adv Agron. 1984:p. 249–315. 

He, Z.,     Yang, X., Baligar, V.C. and Calvert, D.V. (2003).Microbiological and        

biochemical indexing systems for assessing quality of acid soils, Hoyt, P Adv. Agron.78, 

p. 89–138. 

Helyar   KR. (1991). The management of acid soils. In Proceedings of the Second International   

Symposium on Plant Soil Interactions at Low pH. (Eds RJ Wright, VC Baligar, RP 

Murrmann).  (Kluwer: Dordrecht). Pp.365-382. 

Hoyt, P. B., and Turner, R. C. (1975). Effects of organic materials added to a very acid soil on 

pH, aluminium, exchangeable NH4 and crop yield. Soil Sci. 119:227-237. 

Hurrison, R.M.and Demora, (S.J.1995).Introductory of chemistry for Environmental 

Science.2nd ed. Cambridge University.Press.p.326-338. 



57 
 

Jiang Z, Wang Z, Liu Z (1996). Quantitative study on spatial variation of soil erosion in a small 

watershed in the loess hilly region. J. Soil Eros. Soil Water. 2:p.1-9 

Kang, B., and Juo, A. (1986).Effect of forest clearing on soil chemical properties and crop 

performance. Land clearing and development in the tropics, p. 383-394. 

Kariuki., SK, Zhang, H., Schroder, JL., Edwards, JE.Payton, M., B.F C, et al. (2007).Hard red 

winter wheat cultivar responses to a pH and aluminium concentration gradient. Agron 

J,P.88-98. 

Kochian LV, PiñerosMA, Liu J,Magalhaes JV (2015) Plant adaptation to acid soils: the 

molecular basis for crop aluminum resistance. Annu Rev Plant Biol 66:571–598 

 

Lindsay, W.L. (1979). Chemical Equilibria in Soils, John Wiley & Sons, New York.F. 

Laekemariam, K. Kibret, T. Mamo, and E. Karltun,“Physiographical characteristics of 

agricultural land and farmers‟ soil fertility management practice in Wolaita Zone, 

Southern Ethiopia,” Environmental System Research, vol. 5,p. 24, 2016. 

Maheshwari, D. (2006). Soil acidity. Sandip patil: Department of Landscape architecture, CEPT 

University. 

Marschner, H. (2011).Marschner‟s mineral nutrition of higher plants, Academic press, London. 

  

Mesifin A .2007. Nature and Management of Acid Soils in Ethiopia. Addis Ababa, Ethiopia. 

 

 McLaren, R.G. and Cameron, K.C.1996.Soil Science. Sustainable production and 

environmental.2nd ed.Oxiford university Press. Auckland, oxiford, New York. 



58 
 

McFarland, M.L., Harby, VA., Redmon LA., Bade, DH.( 2001). Managing soil acidity. Texas: 

Texas agricultural experiment station.  

McWilliams D (2003). Interpreting Soil Tests for Efficient Plant Growth and Water Use. Guide 

A-141.Cooperative Extension Service College of Agriculture and Home Economics, 

New Mexico state university also available at http://www.cahe.nmsu.edu/pubs/_a/A-

141.pdf on July 2008. 

Mills, A.J., And Fey, M.V. (2003).Decling soil quality in South Africa. Effects of land use on 

soil organic matter and surface crusting. Review article; South Africa Journal of Science. 

 Mohammed Assen, Leroux, P.A.L. Barker, C.H. and Heluf Gebrekidan, 2005. Soils of Jelo 

Micro catchment in the Chercher highlands of eastern Ethiopia: I. Morphological and 

Physicochemical properties. Ethiopian Journal of Natural resources 7(1):p. 55-81. 

Mokwunye.A.U. (1978).The role of inorganic fertilizers in the chemical degradation of Nigerian      

Savanah soils Samaru Conference Paper14.Expert evaluation on methodology for assessing soil 

degradation. FAO, Rome. 

 

Mulugeta, A., and Kibebew K. 2016. Assessment of soil fertility status at Dawja 

Watershed in Enebse SAR Midir district, Northwestern Ethiopia. International Journal of 

Plant & Soil Science. 11(2):P. 1-13. 

Mulugeta A (2015) Effect of Slope Gradient on Selected Soil Physicochemical Properties of 

Dawja Watershed in Enebse Sar Midir District, Amhara National Regional State. 

American Journal of Scientific and Industrial Research 6(4): 74-81.  



59 
 

 Naidu, R., Sayers, J.K.., Tillman, R.W and Kirkman, J.H. (1990).Effect of liming and added 

phosphate on charge characteristics of acid soils, J. Soil Sci. 41, pp. 157–164.  

 

Nega,E., and Heluf, G.( 2013). Effect of Land Use Changes and Soil depth on Soil Organic 

Matter, Total Nitrogen and Available Phosphorus Contents Of Soils In Senbat 

 Watershed, Western Ethiopia. ARPN Journal of Agricultural and Biological Science, 

8(3). P.206.-212. 

Ndukwu, B.N., C.M.  Idigbor, S.U.  Onwudike, P.O.  Okafor and S.K.  Osuaku. 2009.  Spatial 

Variability in some Properties of Soils formed under different Lithologies in 

Southeastern Nigeria. In the Proceeding of the 5th National Conference of Organic 

Agriculture Project in Tertiary Institution in Nigeria, p. 94-97 

Noble AD., Randall, PJ. (1999a). Alkalinity effects of different tree litters incubated in an acid 

soil of N.S.W., Australia. Agroforestry Systems 46, p .147-160. 

Noble AD., Randall, PJ. (1999b) .The impact of trees and fodder shrubs on soil acidification (Rural 

Industries Research and Development Corporation: Canberra). 

Noble, AD., Randall PJ. (1998).How trees affect soils. (Rural Industries Research and Development 

Organization: Canberra). 

O.A. Hoekenga, L.G., Maron, M.A., Pineros, G.M.A., Cancado,J. Shaff, Y., Kobayashi, P.R., 

Ryan, B., Dong, E., Delhaize, T.Sasaki, H., Matsumoto, Y., Yamamoto, H., Koyama, 

L.V.Kochian, AtALMT1.(2006).which encodes a malate transporter, is identified as one 

of several genes critical for aluminum tolerance in Arabidopsis, Proc. Natl. Acad. Sci. U. 

S. A. 1039738–9743. 



60 
 

Pal, S., Panwar, P., and Bhardwaj, DR. 2013. Soil quality under forest compared to other land 

uses in acid soil of North Western Himalaya. India Annual Forestry Research, 

56(1):P.187-198. 

 

Parfitt, RL., Percival, HJ., And Lee, GV. 1995. Aluminium Species and pH in Soil Solution 

under     Different Crops, In: R. A. Date, N. J. Grundon, G. E. Rayment and M. E. 

Probert, Eds.,Plant-Soil       Interactions at Low pH, Kluwer Academic Publishers, 

Dordrecht, p. 817- 822. 

Regassa, H. and Agegnehu, G., 2011. Potentials and limitations of acid soils in the highlands of 

Ethiopia: a review. Barley research and development in Ethiopia, p. 103. 

 

 Rengel, Z. (2011). Soil pH, soil health and climate change. In Soil health and climate change, p. 

69-85.Springer. 

 Roose E, Barthes B (2001). Organic matter management for soil conservation and productivity 

restoration in Africa. A contribution from francophone research. Nutrient cycling in agro 

ecosystem 61:P.159-170. 

  Rowell, D. L. (1994). Soil Science: Methods and Applications. Longman, Singapore. 

 

Samuel, F.2006.Characterization and classification of soils of Maichew Agricultural Technical       

and Vocational Education and Training College, Tigray, Ethiopia. MSc Thesis, 

Haramaya University, Haramaya, Ethiopia. 



61 
 

 Sanchez, P. A. (1977). Properties and Management of Soils in the Tropics. Soil Sci. 124, P.1-

187. 

Sauvé, S.Martinez, C.E.McBridge M.and Hendershot, W. (2000). Adsorption of free lead (Pb
2+

) 

by      pedogenic oxides, ferrihydrite, and leaf compost, Soil Sci. Soc. Am. J. 64: p.595–

599. 

Scott BJ, Ridley AM., Conyers MK. (2000). Management of soil acidity in long-term pastures 

of south-eastern Australia: a review. Australian Journal of Experimental Agriculture 40, 

p. 1173-1198. 

Siraj B, Mulugeta L, Kissi E (2015) Soil Fertility Status and Productivity Trends along a Top 

sequence: A Case of Gilgel Gibe Catchment in Nadda Assendabo Watershed, Southwest 

Ethiopia. International Journal of Environmental Protection and Policy 3(5): 137-144.  

 

Skjemstad JO, Spouncer LR, Beech TA (2000).Carbon conversion factors for historical carbon 

data.National Carbon Accounting System Technical Report No.15, Australian 

Greenhouse Office, Canberra 

Slam K, R., Weil, R.R., 2000.  Land use effects on soil quality in a tropical forest ecosystem of 

Bangladesh. Agriculture, Ecosystem and Environment 79 (2000), P.9-16. 

Slattery W.J., Ridley AM., Windsor SM. (1999).Ash alkalinity of animal and plant products. 

Australian      Journal of Experimental Agriculture 31, P.321-324. 

Soil Survey Division Staff. (1993).Soil Survey Manual.US Dept. Of agriculture handbook. 

Washington DC: US Govert. Printing office. 

Sparks, DL. (2003) .Environmental soil chemistry. California, USA: Academic press. 



62 
 

Sumner, M.E., and A.D., Noble. (2003). Soil acidification: the world story. In: Zdenko Rengel 

(ed.), Handbook of soil acidity Marcel Dekker, Inc New York, NY., USA, p. 1‐28. 

Tadesse, G. (2001). Land Degradation: A challenge to Ethiopia. Environ. Manage. 27, 815-824. 

Takele, C., Iticha,B., and  Sori,G., “Index,” =e Anabasis of 

Cyrus, vol. 18, no. 5, pp. 275–281, 2018. 

Thierfelder C, Wall, PC. (2009). Effects of conservation agriculture techniques on infiltration 

and soil water content in Zambia and Zimbabwe. Soil Till. Res. 105:P.217-227. 

Tessema, G., Mekuria, A., and Enyew, A. 2008. Assessment of Soil Acidity in Different Land 

Use Types: The Case of Ankesha Woreda, Awi Zone, Northwestern Ethiopia. M.Sc. 

Thesis, Addis Ababa University, Addis Ababa, Ethiopia. 

 

 Teshome, Y., Heluf, G., Kibebew, K., and Shelem, B. (2013). Impacts of land use on    selected 

physicochemical properties of soils of Abobo area, Western EthiopiaAgriculture, 

forestry and fisheries, 2(5): 177-183. 

   

Thierfelder C., Wall, PC. (2010). Rotation in conservation agriculture systems of Zambia: 

Effects on soil quality and water relations. Exp. Agric. 46:P.309-325. 

Thomas, R. J. (1995). Management of Acid soils (MAS): an interdisciplinary and multi-

institutional collaborative undertaking. In “Proceedings of a DSE/IBSRAM International 

workshop on soil, water and nutrient management research”, IBSRAM: Bangkok, DSE: 

Zschortau, p. 71-86. 



63 
 

Tisdale, S., Nelson, W., Beaton, J., and Havlin, J. (1993).Soil acidity and basicity. Soil Fertility 

and Fertilizers, 5th ed. Macmillan, New York,P. 364-404. 

Tully, K., Sullivan, C., Weil, R., and Sanchez, P. (2015). The state of soil degradation in Sub-

Saharan Africa: Baselines, trajectories, and solutions. Sustainability7, 6523-6552. 

Uchid, R., Hue NV.(2000).Soil acidity and liming. “Plant nutrient management in Haweii soils, 

approaches for tropical and subtropical agricultureˮ. Manoa, Hawaii: College of tropical 

and human resources, University of Hawaii. 

Van Reeuwijk, L.P. (1992). Procedures for soil analysis, 3rd Ed. International Soil Reference 

and Information Center (ISRIC), Wageningen, the Netherlands. P.34. 

Von Uexkull, H., and Mutert, E. (1995).Global extent, development and economic impact of 

acid soils.Plant Soil 171,P. 1-15. 

Walkley, A. and I.A., Black. (1934).An examination of the Degtjareff method for Determining 

soil organic matter and a proposed modification of the chromic acid Titration method. 

Soil Sci. 37: p.29-38. 

Wakene N.2001. Assessment of important physicochemical properties of District 

Udalf (Dystric Nitosols) under different management systems in Bako area, Western Ethiopia. 

M.Sc. Thesis Submitted to School of Graduate Studies, Alemaya University, and 

Ethiopia.p.93. 

 

Wakene, N., and Heluf., G. 2004. The impact of different land use systems on soil Quality of 

western Ethiopia Alfisol. In: International Research on Food Security, Natural Resource 

Management and Rural Poverty Reduction through Research for Development and 

Transformation. Detacher Tropentag –Berlin, 5-7 Oct, 2004. 



64 
 

Wang, J., Raman, H., Zhang, G., Mendham, N. and Zou, M. (2006). Aluminum tolerance in 

barely (HoridiumvulgarieL.): Physiological mechanisms, genetics and screening 

methods. Journal of Zhejiang University Science. 7: p.769-787. 

Williams, CH., Donald CM. (1957).Changes in organic matter and pH in a podzolic soil as 

influenced by subterranean clover and superphosphate. Australian Journal of 

Agricultural Research 8, P.179-189. 

Wilson, BR. (2002) .The influence of scattered paddock trees on surface soil properties: A study 

on the Northern Tablelands of NSW. Ecological Management and Restoration 3, p. 213-

221. 

Woldeab, A., and Mamo, T. (1991).Soil fertility management studies on wheat in Ethiopia. In 

“Wheat Research in Ethiopia: A historical perspective (H. Geberemariam, D. G. Tanner 

and M.Huluka, eds.), CIMMYT, Addis Ababa, Ethiopia, p. 137–172. 

 

Yihenew, G., and Getachew A.2013.Effects of different land use systems on selectedphysico-

chemical properties of soils in Northwestern Ethiopia. Journal of Agricultural Science.5 

(4): P.112-120. 

Yihenew, G. 2002. Selected chemical and physical characteristics of soil of Adet research center 

and its testing sites in North Western Ethiopia; Ethiopian Journal of Natural Resources. 

4 (2):P.199- 215.  

 Yihenew GS, Tesfaye F, Tadele A (2008). Proceedings of the 2nd Annual Regional Conference 

on Completed Natural Resources Management Research Activities, 18-19 September 

2007, ARARI, Bahir Dar, Ethiopia. 

Yifru, A., and Taye B. 2011. Effects of land use on soil organic carbon and nitrogen in 



65 
 

Soils of Bale, Southeastern Ethiopia. Tropical and Subtropical Agro ecosystems, 14(1): 

P.229–235. 

Young, R., Alston, CL., and Chartres, CJ. (1999). Variation in the acidity of cropped and 

uncropped light-textured red soils of central western New South Wales. 

Zeleke, G., Agegnehu, G., Abera, D., and Rashid, S. (2010). Fertilizer and soil fertility potential 

in Ethiopia: Constraints and opportunities for enhancing the system. (I. F. P. R. I. 

(IFPRI), ed.), p. 63, Washington, DC, USA. 

.                                               

 

 

 

 

 

 

 

 

 

 

 

 

 



66 
 

7. APPENDIX 

    Mean monthly rain fall (mm) and mean and mean monthly minimum and maximum      

temperatures (ºc) of study area for ten years (2009-2018) in the West Azernet Berbere 

district 

Source: West Azernet Berbere Woreda AGP (Agricultural Growth Production) national 

metrological agency southern zone Hawassa 2009 E.C 

Month Min.Temprature Max.Temprature Rainfall 

January 89.4 23.6 24.6 

February 9.8 24.6 55.3 

March 11.2 21.5 62.0 

April 10.4 23.2 88.2 

May 11.6 24.8 49.5 

June 10.8 21.8 146.4 

July 11.7 22.6 324.6 

August 10.9 21.9 296.0 

September 11.8 24.5 185.4 

October 9.2 22.4 72.8 

November 8.5 23.5 18.6 

December 6.4 22.5 2.3 

Mean 16.8 23.07 116.575 

Total 201.69 276.9 1398.9 
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                     Appendix Table 1.ANOVA table for particle size distribution  

     

                         

 

 

                   

 

 

 

 

 

   

Degree 

of 

freedom 

                           Mean squares 

Source of 

variation                                

Sand Clay Silt 

                                              (%) 

LU 

SG 

2 

2 

363.4* 

10.11* 

371.5* 

41.81* 

34.25 

11.48 

Rep 2 171.4* 7241.03* 44 

Error 16 85.27 185.2 74.37 

CV (%)   24.95 29.00 28.5 
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 Appendix Table 2.ANOVA table for BD and Total porosity 

 

 

Degree  

  Of 

freedom 

                                         

                                                     
         Mean 

square 
  

Source 

of 

variation 

   BD   TP 

 

   

LU 

SP 

 2 

 2 

 

0.402*** 

0.402** 

572*** 

92.26***  

Rep  2  0.033* 47* 

 

LU*SP  5  0.0016 8.87**  

Error 16  0.0062 13.11 

 

CV (%)    2.86 2.7 
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Degree  

  Of 

freedom 

                                         

                                                    Mean square   

Source 

of 

variation 

pH-H2O    Ex.acidity EX.AL 

 

  

 

   LU 

   SP 

2 

2 

3.37*** 

2.16*** 

      3.18*** 

       0.13** 

     3.86* 

      3.3*  

  Rep 2 0.25**        0.036***       4.5** 

 

LU*SP 
5 

0.195**        0.09** 
    

0.054** 
 

Error 

16 

0.077 0.088 3.56 

 

CV (%) 

  

4.2         2.86 2.7 
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Appendix Table 4.ANOVA table for soil organic matter and percent base saturation 

 

 

 

 

 

 

  

 

 

 

Degree 

of  

Freedom 

 

 

 

  

 Mean 

Square 

    

Source of 

variation 

SOM 

        

PBS   

  %      (mgkg-1soil)  

Land types 

SG 

     2 

     2 

 

        2.8*** 

 

         141.17*   

Replication      2         0.37**           43* 

  

         LU*SP      5         1.12***          61.04**   

           Error     16         0.128           67.7 

  

           CV (%)   9.5           10.41 
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Appendix Table4 ANOVA table for organic matter, total nitrogen and available phosphorus. 

  

Degree 

of 

freedom 

               

 

  
Mean   

square 
    

Source of variation OC    TN 
     

Av.P  

Land use types 

SP 

2 

         2 

 

0.97* 

 

0.014* 

           

 13.5**  

Replication          2 0.3** 0.0038* 0.033** 

 

LU*SP          5 0.38** 0.01** 0.137**  

Error         16 0.0402 0.0033   0.259 

 

CV (%)   9.2 14.32 11.66 
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Appendix Table 5.ANOVA table for exchangeable bases and CEC.   

 

Degree of 

freedom 

   

Mean 

Squares 

  

  

 

Ca Mg K Na CEC 

 Source of  

variation 

                                    (mgkg
-1

) 

LU 

SG 

2 

2 

 

16*** 

 

13.3*** 

 

7.04 *** 

 

4.8** 

 

97.5** 

       Rep 2 1.1 0.404***         0.37**         1.4** 22.57** 

LU*SG 5 0.98*** 0.71**         0.31* 0.21* 6.1*** 

Error 16 0.600 0.44 0.16 0.27 6.41 

CV (%)   5.704 10.37 12.77 18.5 10.41 
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Appendix Table  6. General rating of some chemical and physical properties 

Organic matter, organic carbon, total nitrogen ,available phosphorus and CEC 

 very low Low Medium High Very 

high 

OM % < 

1.0 

1.0-

2.0 

2.1-4.2 4.3-

6.0 

> 

6.0 

OC % < 

0.6 

0.6-

1.25 

1.26-2.5 2.51-

3.5 

> 

3.5 

TN % < 

0.1 

0.1-

0.2 

0.21-0.5 > 0.5  

AP 

mg/kg(Ba-

kurtz) 

 < 7 7-20 >20  

 

CEC 

Comlc/kg 

< 

6.0 

6.0-

12 

12.1-

25.0 

25.1-

40.0 

> 40 

Source: Msanya et al. (1996) and Kileo (2000). 

     pH  H2O< 7.0,  determine AP by Bary-Kurtz method and pH H2O >7.0,  use Olsen 

method. 

pH<7.5,    determine CEC using 1M ammonium acetate  and pH >7.5 use 1M sodium 

acetate.  

C/N Ratio is an indication of quality of OM (8-13: good quality, 14-20: moderate 

quality, >20: poor quality). 
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      Soil reaction (pH) 

Extremely 

acid 

< 

4.5 

Neutral 6.6-

7.3 

Very 

strongly acid  

4.5-

5 

Mildly alkaline  7.4-

7.8 

Strongly 

acid:  

5.1-

5.5 

Moderate 

alkaline  

7.9-

8.4 

Medium 

acid   

5.6-

6 

Strongly alkaline  8.5-

9.0 

Slightly acid  6.1-

6.5 

Very strongly 

alkaline  

> 

9.0 

             Source: Msanya et al. (1996) and Kileo (2000) 

 


