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Abstract 

Soil acidity is one of chemical soil degradation problems which affect productivity of the soil 
in Ethiopian highlands. The purpose of this research was to assess the status of soil acidity in 
different land uses systems and to compare different lime requirement determination methods 
in Fagtalokoma woreda, Awi Zone. The different land use systems were cultivated land, 
backyard, grazing land and the natural forest. Composite soil samples were collected along 
transects in   each of the land use systems and analyzed in laboratory. Lime requirement was 
determined using acid saturation and SMP buffer solution methods. The results indicated 
that cultivated land and grazing land were strongly acidic (pH<5.5), where as natural forest 
and backyard land uses were moderately acidic (5.6-6.0) soils. The increased soil acidity in 
cultivated lands may be due to intensive cultivation without fallow for extended period of 
time, removal of crop residue and inappropriate use of chemical fertilizers. Soil acidity in 
grazing land may be aggravated by over grazing in this area. Significantly higher soil 
(p<0.01) pH, ECEC, Ca and Mg were recorded at natural forest soils as compared to other 
land uses in both kebeles. On the other hand, significantly (p<0.05) lower exchangeable 
acidity was obtained in backyard and natural forest as compared to other two land uses. 
Higher organic matter and total nitrogen content were observed on the natural forest in both 
kebeles where as higher available phosphorous was recorded in the backyard land use of 
Gullazmach kebele, which might be attributed to high return of biomass due to little soil 
disturbance and high farmyard manure input. Higher available Potassium was recorded on 
backyard land use of Gulazmach kebele however, significant difference was not observed in 
available Potassium in the three land uses except backyard with the lower available potassium 
in Gaffera kebele. The lime requirement results revealed that 1.80 to 3.65 tons of lime was 
required in cultivated land using acid saturation method. By using SMP buffer solution 
method, 12.77-15.90 tone/ha of lime is required for cultivated and grazing land uses to change 
the soil pH from 5.13-6.5.This is because the recommended soil pH range for optimum plant 
growth, nutrient availability and best bacterial activity are 6.5-7.2. The exaggerated 
difference on lime amount using acid saturation method and SMP buffer solution method 
might be due to the SMP buffer solution. Lime requirement was significantly (p<0.01) and 
positively correlated with exchangeable acidity and acid saturation percentage. There was also 
a negatively significant (p<0.01) correlation between limes requirement and soil pH, 
exchangeable bases and ECEC. In order to address soil acidity problems, use of lime, manure 
and compost should be encouraged in the study area in cultivated lands. Reducing over 
grazing by improving land management options is necessary to rehabilitate acidic soils in 
grazing land. 
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1. Introduction 

1.1 Background 

Ethiopia with an area of 1.14 million km2 has a human population of 74.0 million, 

of which 84% is rural (FAO, 2005 cited in Tesfaye,2005 ) and growing at a rate of 

2.6% per annum (World Bank, 2004 cited in Tesfaye,2005). It is the second largest 

and most populous country in Africa (UNDP, 2006). The country's major natural 

renewable resources consist of land, water and natural vegetation that comprise 

enormous biodiversity (ADB, 1997).  

Land degradation, which includes degradation of vegetation cover, soil 

degradation and nutrient depletion, is a major ecological problem in Ethiopia. 

Ethiopia’s fast-growing population is also significantly aggravating land 

degradation. The population has tripled in the last 50 years and has abused the 

land by deforestation for more cropland and grazing area. Recurrent droughts 

have further aggravated the situation, leading to repeated cycles of famine in 

recent years. Three major types of soil degradation are affecting productivity: 

biological, chemical, and physical degradation of soils.  

Soil acidity is one of the chemical degradation of soils. The main problem of acid 

soils is the high acidity and low amount of exchangeable calcium (Chopra and 

Kanwar, 1999), and it is considered to be one of the important factors that affect 

the soil chemical fertility. Soil acidity affects productivity of the soil through its 

effect on nutrient availability and toxicity by some elements like aluminum and 

manganese. In some regions the soil acidity is essentially constant over broad 

areas, and can be judged with sufficient definiteness from observation of the rocks, 

soils, and native vegetation. In others, however, it is irregular, patchy, and not 

readily observed from the surroundings (Edgar, 1923). 

  In Ethiopia, 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 

(Paoulos, 2001). The Ethiopian high lands are one of the hotspots on the African 
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continent with regard to food production and in the struggle to preserve the 

natural resource base (FAO, 2004, cited in Balesh et al., 2005). The Ethiopian 

highlands cover 95% of the cropped area and contain almost 85% of the Ethiopian 

population. Yields of the major cereal crops, particularly barley, are as low as 0.5 

Mg ha–1 partly as a result of soil acidity (Paoulos, 2001).  

Awi Zone, Amhara region, is the most high land area of Gojjam with abundant 

rain fall (2371mm) is susceptible to acidification. Information on the extent of soil 

acidity problem and the amount of lime requirement to reclaim this soil in 

different land use is generally little. Therefore studying soil acidity problem and 

lime requirement for four land use systems of cultivated land, back yard, forest 

land and grazing land was crucial for the productivity of soil. Since soil acidity is 

now known to exert an important influence on the growth of plants farmers and 

land use planners should be informed regarding the acidity of the land upon 

which they work.  

1.2. Statement of the problem 

There is currently increasing awareness that soil nutrient depletion from the agro 

ecosystem is a very widespread problem and it is an immediate crop production 

constraint in Ethiopia (Stoorvogel and Smaling, 1990; Stoorvogel et al., 1993; Bojo 

and Cassels, 1995; Eyasu, 2002). A change in land use, poor soil management, 

topography of the area and socioeconomic activities can negatively affect the 

potential use of an area and may ultimately lead to degradation and loss of 

productivity. Loss of arable land due to soil degradation is a wide spread 

phenomenon in the highland of Ethiopia ,which accounts for 45% of Ethiopian 

total land area and 66% of the total land area of Amhara region. Low soil fertility 

has been reported as one of the major factor affecting crop production in west 

Amhara region (Lakew et al., 2006). This is due to land degradation in the region 

specially soil degradation.  

Moreover, long-term overall economic development policy in Ethiopia is planned 

as “Agricultural Development-Led Industrialization (ADLI)” (NCSS, 1993). The 
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goal of this strategy is to achieve rapid and sustainable economic growth by 

improving the productivity of the agricultural sector. In recent years, various 

official documents of the government of Ethiopia (e.g. ‘Sustainable Development 

and Poverty Reduction Program - also called PRSP’ (MoFED, 2002) and ‘Rural 

Development Strategy’ (MoA, 2002)) all reiterate that agriculture is the driver of 

economic development and the key sector for reducing poverty and ensuring food 

security in the country. This strong reliance on agriculture as an economic driving 

force entails that natural resources of agricultural significance should be managed 

on a sustainable basis. It can only be sustainable management of the agricultural 

resources base that will enable the country to achieve the desired sustainable rural 

and economic development goals on the basis of its agricultural economy.  

However, Fagtalikoma woreda, Awi zone, has a severe yield reduction problem; 

one reason for reduction may be due to soil acidity problem. Soil acidity may arise 

from crop residue and cow dung removal for fire wood consumption. On the 

other hand soil acidity may result from leaching of nutrient (cations) since the area 

is a high rain fall area (2371mm) (BoPED, 2000). Farmers used urea and DAP 

fertilizer for extended period of time which might have contributed to soil acidity. 

Soil acidity results unavailability of plant nutrients and toxicity of some elements 

which have detrimental effect on yield reduction.  

It is established that the supply of “basically” acting compounds (lime, dolomite 

etc) to acid soils represents the most important measures to abolish unfavorable 

acidic soil reactions. Improving the soil pH by applying lime, nitrogen, and 

phosphorus increases yields by three fold (Desta, 1987). Although studying soil 

acidity problems and lime requirement estimation have been done in some part of 

the country, quantitative analysis using soil laboratory tests to acquire solutions 

for this problem was very little.  

Because of the above fact the area is not food secured. The Productivity of the area 

is declining year to year and the farmers expand their farm land to peripheries and 

mountainous areas that are not favorable for cultivation. This, therefore, 
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necessitating a study on the extent of soil acidity and the level lime requirement of 

the soil of the study area so as to retrieve its productivity. 

In order to determine the extent of the above mentioned soil acidity problems in 

Fagtalokoma woreda, Awi Zone, it was important to analyze the situation at depth 

and evaluate the intervention through liming.  

1.3 Objectives 

1.3.1 General objective 

 The general purpose of the study is to examine the extent of soil acidity in 

different land use systems and determine the amount of lime to reclaim soil 

acidity problems.  

1.3.2 Specific Objectives  

 To identify and quantify the extent of soil acidity in different land uses 

 To determine different level of lime requirement and compare lime requirement 

determination methods 

 To investigate the relationship between extent of soil acidity and lime requirement 

1.4. Significance of the study 

The importance of this research is to provide a base line data about the status of 

soil acidity in different land use types; in order to contribute basic information 

about extent of soil acidity in the region. This will give a base line data for woreda 

agricultural officials and agricultural development agents.  

1.5. Limitations of the study 

Due to time and budget constraints, this research work focuses on two kebles of 

Fagtalokoma woreda, and may not represent the whole woreda. By the same 

reason, it also compares only two lime requirement determination methods, so 
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further investigation on different lime requirement determination methods is 

necessary. The limitation on this research was also; all soil quality indicator 

parameters were not analyzed. The other limitation was, lime need estimated is 

not evaluated in the field and hence, it needs testing of this lime amount on the 

field.  
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2. Literature Review 

2.1. Soil quality and soil quality indicators in different land use Systems 

Soil is a fundamental resource base for agricultural production systems. Besides 

being the main medium for crop growth, soil functions to sustain crop 

productivity maintain environmental quality; provide health for plant, animal and 

human (Mitchell et al., 2000). Soil quality is the capacity of a specific kind of soil to 

function within natural or managed ecosystem boundaries to: sustain plant and 

animal productivity, maintain or enhance water and air quality, Support human 

health and habitation (USDA, 2001).  

Soil function describes what the soil does. Soil functions are: (1) Sustaining 

biological activity, diversity, and productivity, (2) Regulating and partitioning 

water and solute flow; (3) Filtering and buffering, degrading, immobilizing, and 

detoxifying organic and inorganic materials, including industrial and municipal 

by-products and atmospheric deposition; (4) Storing and cycling nutrients and 

other elements within the earth’s biosphere; and (5) Providing support of 

socioeconomic structures and protection for archeological treasures associated 

with human habitation (Seybold et al., 1998). 

Soils vary naturally in their capacity to function; therefore, quality is specific to 

each kind of soil. This concept encompasses two distinct but interconnected parts:  

inherent quality and dynamic quality. Characteristics, such as texture, mineralogy, 

etc., are innate soil properties determined by the factors of soil formation, Climate, 

topography, vegetation, parent material, and time. Collectively, these properties 

determine the inherent quality of a soil. They help to compare one soil to another 

and evaluate soils for specific uses. For example, all else being equal, a loamy soil 

will have a higher water holding capacity than a sandy soil; thus, the loamy soil 

has a higher inherent soil quality. This concept is generally referred to as soil 

capability. Map unit descriptions in soil survey reports are based on differences in 

the inherent properties of soils. More recently, soil quality has come to refer to the 

dynamic quality of soils, defined as the changing nature of soil properties 
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resulting from human use and management. Some management practices, such as 

the use of cover crops, increase organic matter and can have a positive effect on 

soil quality. Other management practices, such as tilling the soil when wet, 

adversely affect soil quality by increasing compaction (USDA, 2001). 

The success in soil management to maintain soil quality depends on an 

understanding of how soils respond to agricultural practices over time. For this 

reason, recent interest in evaluating the quality of soil resources has been 

stimulated by increasing awareness that soil is a critically important component of 

the earth’s biosphere, functioning not only in the production of food and fiber but 

also in the maintenance of local, regional and worldwide environmental quality 

(Doran and Parkin, 1994).  

On the other hand, feeding the ever-increasing human population is most 

challenging in developing countries because of soil degradation. For instance, in 

Sub-Saharan African countries, soil fertility depletion is the fundamental 

biophysical cause for declining per capita food production (Sanchez et al., 1997). In 

Ethiopia the population is 74 million (FAO, 2005). This challenge will continue as 

population pressure increases and degradation of soil resources is aggravated, 

peculiar example is the high land of Ethiopia. Reversing this trend lies in the 

enhancement of sustainable development of the agricultural sector; however, the 

basis of sustainable agricultural development is good soil quality. Since 

maintenance of soil quality is an integral part of sustainable agriculture. 

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 

(Singh et al., 1995; Saikhe et al., 1998; He et al., 1999). In line with these,( 

Maddonni et al., 1999; Gete and Hurni,  2001; Belay, 2002; Kibrom, and Hedlund , 

2000)  reported that land use affects basic processes such as erosion, soil structure 

and aggregate stability, nutrient cycling, leaching, carbon sequestration, and other 

similar physical and biochemical processes. The keys to sustainable economic 
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development that depend on agriculture in Ethiopia are (i) the development, use 

and management of essential agricultural resources such as land, soil, water and 

forest on a sustainable basis; and (ii) successful restoration of the vast degraded 

landscapes in the country. However, despite the general recognition of the 

problem of land degradation and its impact on agricultural productivity at 

aggregate national scale, few scientific studies have been conducted at a small 

spatial scale such as the farm level to provide precise quantitative information on 

the extent of soil degradation problems in Ethiopia (Eyasu, 2002; Bekele, 2003). 

Due to the limited scientific studies at a small spatial scale, the accuracies and 

scales of the available aggregate soil degradation statistics in Ethiopia have been 

questioned (Eyasu et al., 1998; Eyasu and Scoones, 1999; Eyasu, 2002). Moreover, 

the measurements of land degradation in Ethiopia have focused on soil erosion, 

and this has been treated in isolation from other aspects of soil management such 

as ensuring adequate fertility, SOM, vegetation cover and biodiversity (Eyasu, 

2002). 

Table 1: Example of a Minimum Data Set of Indicators for Soil Quality 

Indicator Relationship to Soil Health 
Soil organic matter (SOM) Soil fertility, structure, stability, nutrient 

retention, soil erosion, and available water 
PHYSICAL  
Soil structure Retention and transport of water and 

nutrients, habitat for microbes, and soil erosion 
Depth of soil and rooting Estimate of crop productivity potential, 

compaction, and plow pan 
Infiltration and bulk density Water movement, porosity, and workability 
Water holding capacity Water storage and availability 
CHEMICAL  
pH Biological and nutrient availability 
Electrical conductivity Plant growth, microbial activity, and salt 
Extractable nitrogen (N), phosphorus 
(P),and potassium (K) 

Plant available nutrients and potential for N 
and P loss 

BIOLOGICAL  
Microbial biomass carbon (C) and N Microbial catalytic potential and repository for 
Potentially mineralizable N Soil productivity and N supplying potential 
Soil respiration Microbial activity measure 

 Source: (USDA, 2001). 
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2.2. Land degradation and land use systems  

Agriculture is the mainstay of Ethiopian economy accounting for 52% of the GDP 

(World Bank, 2002), 90% of the total export revenue (IMF, 2002), and employs 

about 85% of the labor force in the country (CSA, 1999). However, the agricultural 

sector has been poorly performing due to a number of factors, the most important 

of which is severe soil (land) degradation and fertility decline. The problem is 

most serious in the highlands (>1500 m a.s.l) which cover 45% of the total land 

area (i.e. 100 million ha) and support 85% the human and 75% of the livestock 

population, and account for more than 90% of the regularly cultivated lands (FAO, 

1986). 

 Topography, soil types, and agro-ecological parameters play a significant role in 

the degradation processes influenced by man. Ethiopia’s fast-growing population 

is also significantly hastening land degradation. The population has tripled in the 

last 50 years and has abused the land by deforestation for more cropland and 

grazing. Recurrent droughts have further aggravated the situation, leading to 

repeated cycles of famine in recent years. Three major types of land degradation 

are affecting productivity: biological, chemical, and physical degradation of soils. 

As a result, soil organic matter has declined, soil nutrients are depleted, and soil 

depth has decreased, leading to a decline in crop yields and forage. Soil acidity, 

salinity, and drainage problems as well as the inherently low availability of soil 

phosphorus also cause yields to decline (Poulose, 2001). 

 2.2.1. Biological soil degradation  

 Biological degradation refers to a process that leads to a decline in the humus 

content of soils through mineralization. It includes reduction in organic matter 

content, declines in the amount of carbon from biomass, and decreases in the 

activity and diversity of soil fauna. Crop residue return to the soil is very minimal 

in Ethiopia. During harvest time, in the small cereal-producing areas, the straw is 

carried away from the farm plot to the residential quarter or heaped at a central 

point within the farm before threshing. After threshing, the straw is piled near the 

living quarters for livestock feeding or roof thatching, or it is sold to nearby town 
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dwellers or various uses. The straw is cut about 5 to 10 cm from the ground on 

which the cattle graze after the harvest season (Poulose, 2001).  

 

Soil degradation is also associated with losses of decomposer biota and, 

consequently, with a decrease in litter decomposition (Tian, 1998). Hence most 

soils in SSA are generally deficient in N, P or both (Sanchez and Logan, 1992; 

Mafongoya et al., 2000), and cannot support sustainable crop production without 

external inputs of inorganic fertilizers (Mafongoya et al., 1998). In addition, soil 

organic matter (SOM) which is often considered a good proxy for soil productivity 

(Koning and Smaling, 2005) has declined in many SSA soils, and ecosystem 

functioning of microbes in these soils is being limited by organic C (Sanchez and 

Jama, 2002). Consequently, SSA has experienced a decrease in overall food 

production per capita, with soil fertility decline being recognized as the 

fundamental biophysical cause for declining food security in smallholder farms 

(Sanchez et al., 1997; Sanchez and Jama, 2002). 

 

 In the maize and sorghum growing regions of Ethiopia, the stalk is left on the site 

or it is carried away for fuel, livestock feeding, fencing, and in some cases for 

construction. Normally organic residues decompose through the activity of soil 

microorganisms, and essential mineral nutrients are released to the plants upon 

mineralization. However, in the conventional method of preparing land for crop 

planting it is plowed several times before planting. Repeated plowing exposes the 

soil to air several times, which in turn induces oxidation of the carbon and reduces 

the organic matter content of the soil much faster.  

 

Today, in many parts of the country the farmers plow their lands without rest or 

fallow because their land area is so small that they must plant all they have; hence, 

continuous cultivation has reduced soil organic matter through oxidation and by 

leaching. The destruction of organic matter in the soil also reduces the activity of 

soil microorganisms and their population. Soils whose organic matter was 

maintained showed significant improvement in the infiltration and retention of 
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water after rain or irrigation (Derpsch et al. 1988; Philips and Philips1984, cited in 

Poulos, 2001). 

 2.2.2. Physical Soil degradation  

Considerably high deforestation rate (150-200 thousand ha y-1) have resulted in 

shrinkage of highland forest cover from 16% in the 1950s to 2.7% in the early 1990s 

(EFAP, 1994). This, besides its profound effect on soil degradation, has caused 

acute shortage of fuel and construction wood (EFAP, 1994; Tadesse, 2001). As per 

the bulk density Wakene and Heluf, (2004) said that highest bulk density in the 

surface horizon of the abandoned land was 26.11 and 22.29% greater than that of 

the virgin and the cultivated lands, respectively. Similarly, the bulk density of the 

abandoned land in the B-horizon was greater than the bulk densities of the other 

land use systems. The highest bulk density in the abandoned land is attributed to 

the soil compaction and organic matter degradation as a result of continuous and 

intensive cultivation with heavy farm machinery (Girma, 1998). The highest bulk 

density noted under the abandoned land could limit root growth, gas exchange 

and availability of less mobile essential plant nutrients, such as P and K (Dolan et 

al., 1992).  

 

Soil water content at sampling (θ) was the highest at the surface horizon of the 

virgin land but the lowest for the abandoned land. Similarly, in the subsurface 

horizon of the abandoned land, θ was inferior to the other land use systems. 

Moreover, the lowest field capacity (FC) and permanent wilting point (PWP) were 

observed in the surface horizon of the abandoned land whereas the highest was 

recorded from the surface horizon of the virgin land. This is attributed to 

significant variation in organic matter contents among the land use systems 

Wakene and Hiluf, 2004).  

 

The FC and the PWP increased with depth for the cultivated and the abandoned 

lands as a result of the increasing trends of clay content with profiles depth. The 

amount of water retained at PWP was high because of high organic matter content 
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in the surface horizon of the virgin land (Wakene and Heluf, 2004). Clearing of the 

natural forest and reforestation with Eucalyptus did not significantly affect the 

distribution of water-stable aggregates (WSA), but after 26 years of continuous 

crop cultivation, the amount of water-stable macro aggregates was significantly 

reduced from > 70% in the natural forest soil to 50% in the cultivated soil, 

indicating that cultivation resulted in the structural degradation of this soil 

(Yeshanew, 2004). In the two forest types, 87–90% of the total soil mass remained 

as water-stable aggregates with >74% as macro aggregates (> 0.25 mm), and 

14−17% as micro aggregates (0.05−0.25 mm).  

 

In contrast, in the cultivated soil, significantly large proportion of the soil was 

retained as micro aggregates and small macro aggregates (0.25–0.5 mm). This 

could be attributed mainly to the breakdown of aggregates by tillage and 

differences between the two land use types in annual organic matter input which 

gives cementing agents. The effect of cultivation was much more evident in the 

larger macro aggregates (>1mm) than the smaller macro aggregate size classes 

(Yeshanew, 2004). The >2 mm and >1 mm classes of the natural forest soil were 13 

and 4 times, respectively, larger than in the cultivated soil. 

2.2.3. Chemical Soil dégradations 

Soil Nutrient depletion. Declining soil fertility, a phenomenon that ultimately 

leads to soil degradation, has become a serious issue of global scale in the modern 

era (Lal, 2001). Soil degradation is a reduction in soil quality or the inherent ability 

of the soil to perform a range of productive, environmental and habitat functions 

(Karlen et al., 1997; Scherr, 1999; Lal, 2001). In the context of soil degradation, a 

decline in soil fertility could be interpreted as the depletion of soil organic matter 

and plant nutrients (Syers, 1997), water holding capacity, soil biomass, pH, top-

soil depth, aggregation (Scherr, 1999).  

 

Soil fertility has decreased in large areas of sub-Sahara Africa (SSA) due to a 

combination of high rates of erosion, leaching, removal of crop-residues and cow-

dung, continuous cultivation of the land without adequate fertilization or 
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fallowing (Syers, 1997; Lal, 2001; Tadesse, 2001). This is aggravated by the inherent 

poor fertility of most tropical soils (Sanchez, 1976; Koning and Smaling, 2005). 

Consequently, Ethiopia has experienced alarming rates of soil erosion, averaging 

(sometimes exceeding) 100 t ha-1 per annum (FAO, 1986). This has resulted in one 

of the highest nutrient depletion rates in Africa, i.e.-41, -6, and -26 kg ha-1 yr-1 of N, 

P, and K, respectively (Stoorvogel and Smaling, 1990). 

 

One of the immediate impacts of thinning and destruction of the shrub land is 

shortage of fuel wood and construction materials for the farming community. This 

condition forces farmers not only to travel very long distances to collect wood, but 

also to increasingly burn crop residues and organic manure for cooking and 

heating. The latter has grave consequences for the fertility and productivity of the 

cropland as the action leads to depletion of the organic matter in the cultivated 

soils (Belay, 2002). The soil pH (KCl) consistently increased in the abandoned land 

whereas decreased in the virgin land with increasing profile depth. Similarly, soil 

pH (H2O) was also significantly affected due to different land use systems. The 

highest and the lowest were recorded at the surface horizons of the virgin and the 

cultivated lands, respectively, (Wakene and Heluf, 2004). 

 

The soils of free grazing lands and closed areas differed considerably in cation 

exchange capacity (CEC) (Wolde and Veldkamp, 2005). There was great variation 

in cation exchange capacity (CEC) of the soils under the different land use systems 

both in A and B-horizons. The depletion of CEC from the abandoned and the 

cultivated lands was 69.44 and 52.76%, respectively, as compared to the CEC of A-

horizon in the virgin land. The CEC was decreased almost consistently from the 

surface to the subsurface horizons in the cultivated and the virgin lands, whereas 

the trend in the abandoned land was similar throughout the profile. The decrease 

in CEC with depth is attributed to a decrease in organic matter content. Therefore, 

the depletion of organic matter as a result of intensive cultivation has reduced the 

CEC under the abandoned and the cultivated lands and that is in concurrence 

with several previous findings (Mesfin 1980; Gao and Chang, 1996). 



Status of Soil Acidity and Comparison of Lime Requirement 

14                                         birhanuagumas@yahoo.com 

 

The soils of free grazing lands and closed areas differed considerably in 

exchangeable bases (Wolde and Veldkamp 2005). Exchangeable K varied 

markedly due to differences in land use systems. The highest exchangeable K was 

recorded from the surface horizon of the virgin land as compared to the cultivated 

and the abandoned lands surface horizons. Similarly, the exchangeable K in the 

sub-surface horizons was greater for the virgin land while the distribution of K 

was similar for the cultivated and the abandoned land (Wakene and Hiluf, 2004). 

These results were in contrast to the common belief that Ethiopian soils are rich in 

K for the cultivated and the abandoned lands. However, it was in agreement with 

(Alemayehu, 1990) who reported low K concentration for Nitisols of the then 

Wollega state farms, western Ethiopia. Many research results supported the 

findings, since weathering, intensive cultivation and use of acid forming inorganic 

fertilizers on acid soils affect the distribution of K in the soil systems and enhance 

its depletion (Baker et al., 1997; Saikh et al., 1998).  

 

Similarly, the exchangeable Ca concentration in the A horizon of the virgin land 

was seven and four times greater than that of the abandoned and the cultivated 

lands, respectively. The distribution of exchangeable Ca was tended to decrease 

from surface to subsurface horizons for the virgin and the cultivated lands, 

whereas it tended to increase for the abandoned land (Wakene and Heluf, 2004). 

The concentration of exchangeable Mg was also highest in the virgin land and 

decreased from the surface to the sub-surface horizons, but increased for the 

cultivated and the abandoned lands’ subsurface horizons. The increasing trend of 

Ca and Mg concentration with depth in the abandoned land could be due to the 

leaching effect that was aggravated by intensive cultivation and organic matter 

degradation. Moreover, soil erosion and abundant crop harvest for the past three 

decades contributed for the depletion of Ca and Mg in the cultivated and 

abandoned lands (Wakene and Hiluf, 2004). 
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Salinization. Soils of the Rift Valley and northern and northeastern parts of the 

country are high in pH. In these areas precipitation is low, while evapo-

transpiration is considerably higher. In the Lake Ziway basin, salt incrustation is 

observed where irrigation is practiced by pumping water from the lake (Fisseha, 

1999). Several hundred hectares of land are also badly affected by salt in the 

Awash Valley, mainly due to drainage problems or flooding. However, repeated 

monitoring of the quality of Awash River for irrigation showed ECW (electrical 

conductivity of soil solution) values for upstream and downstream sites ranging 

from 0.25 to 0.52 dS/m (a measure of soil salinity) and below the United Nations 

Food and Agriculture Organization water quality limit for irrigation (Tadesse et 

al., 1999). 

 

2.3. Soil acidity problems in the high land of Ethiopia 

An inventory of the current soil acidity status in western and central Ethiopian 

nitsols was carried out in West Wellega, East Wellega and West Shoa zones in 

May 2006 (Abdenna et. al., 2006). All samples collected from the three study zones 

were acidic and the degree of soil acidity varies among study zones, districts and 

peasant associations.  

 

The acid saturation percentage (ASP) in the three study zones was highly variable 

ranging from low to extremely high. In majority of samples from districts of west 

Wellega zone and Guto Gidda district of east Wellega zone, the ASP was quite 

high (>60). At Bako Tibe and Chaliya districts of West Shoa zone, the 

exchangeable acidity is low ranging from 0 to 1 cmol (+) kg−1. In moving from 

central (West Shoa) to Western Ethiopia (West Wellega), the degree of soil acidity 

that is measured in terms of ASP is increased (Abdenna et. al., 2006).  

 

In Ethiopia, soil acidity is a problem that has not been linked to soil production 

constraints. Examples of some acidic soils are given in Table 2, where it is 

observed that most of these soils are found in the highlands receiving high rainfall. 

Yields of the major cereal crops, particularly barley, are as low as 0.5 Mg ha–1 



Status of Soil Acidity and Comparison of Lime Requirement 

16                                         birhanuagumas@yahoo.com 

partly as a result of soil acidity (Poulose, 2001). Improving the soil pH by applying 

lime, nitrogen, and phosphorus has increased yields by three fold (Desta, 1987). 

 
Table 2: Status of soil acidity and phosphorus concentration by soil types 

Location  Soil type Soil Phosphorous 

Bako 

 

 

Metehara 

N.Easteren 
Escarpment 

Anno(east 
Wellega) 

Aleta Wondo 

Dale (Yirgalem) 

Chora (Illubabur) 

Metu (Illubabur) 

Gembi  

Harru 

Anfilo 

Kossa  (Limu) 

 

Gumer (Limu) 

Sunta (Limu) 

Chromic vetisol 

Pellic vertisol 

Humic  

Mollic andosol 

Humic/mollic 
andosol 

Humic acrisol 

Nitosol 

Nitosol 

Nitosol 

Nitosol 

Nitosol 

Nitosol 

Nitosol 

Luvic phaeozem 

Eutric Nitosol 

 Eutric Nitosol 

Nitosol 

 

4.2 

5.8 

4.6 

5.4 

5.2 

4.7 

5.35 

5.49 

5.42 

5.24 

5.07 

5.07 

5.36 

5.8 

5.4 

5.2 

5.2 

5.2 

19.0       *( Olsen) 

10.0            “ 

4.0             “ 

_ 

8.0          “ 

1.0         “ 

4.39        **(Bray) 

4.87        “ 

7.04         “ 

9.36      “ 

5.82      “ 

5.17       “ 

18.42      “ 

1.5         “ 

1.25      “ 

2.8       “ 

2.7       “ 

0.2       “ 

 
                             *Olsen et al. (1954), **Bray and Kurtz (1945) 
                           Source:  adapted from Palouse (2001) 

2.4 Causes and impact of soil acidity problems 

The four major causes for soils to become acid are listed below:  

- Rainfall and leaching  

- Acidic parent material  

- Organic matter decay  

- Harvest of high yielding crops and crop residues (Johnson, 1914).  



Status of Soil Acidity and Comparison of Lime Requirement 

17                                         birhanuagumas@yahoo.com 

The above causes of soil acidity are more easily understood when there is an 

abundance of acidic cations (pronounced cat-eye-on), like hydrogen (H+) and 

aluminum (Al3+) compared to the alkaline cations like calcium (Ca2+), magnesium 

(Mg2+), potassium (K+), and sodium (Na+). 

Rainfall and Leaching: Excessive rainfall is an effective agent for removing basic 

cations over a long time period (thousands of years).  Rainfall is most effective in 

causing soils to become acidic if a lot of water moves through the soil rapidly.  

Sandy soils are often the first to become acidic because water percolates rapidly, 

and sandy soils contain only a small reservoir of bases (buffer capacity) due to low 

clay and organic matter contents.  Since the effect of rainfall on acid soil 

development is very slow, it may take hundreds of years for new parent material 

to become acidic under high rainfall (Johnson, 1914). 

 

Figure 1: Relation of soil pH and Rainfall 

 
Source: Clemson Extension, 2008. 

Parent Material: Due o differences in chemical composition of parent materials, 

soils will become acidic after different lengths of time. Thus, soils that developed 

from granite material are likely to be more acidic than soils developed from 

calcareous shale or limestone (Johnson, 1914). 
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Organic Matter Decay: Decaying organic matter produces H+ which is responsible 

for acidity. The carbon dioxide (CO2) produced by decaying organic matter reacts 

with water in the soil to form a weak acid called carbonic acid. This is the same 

acid that develops when CO2 in the atmosphere reacts with rain to form acid rain 

naturally. Several organic acids are also produced by decaying organic matter, but 

they are also weak acids. Like rainfall, the contribution to acid soil development 

by decaying organic matter is generally very small, and it would only be the 

accumulated effects of many years that might ever be measured in a field. 

 

Crop Production: Harvesting of crop yields and residues has its effect on soil 

acidity development because crops absorb the lime-like elements, as cations, for 

their nutrition (Table 3). When these crops are harvested and the yield and 

residues are removed from the field, then some of the basic material responsible 

for counteracting the acidity developed by other processes is lost, and the net 

effect is increased soil acidity. Increasing crop yields will cause greater amounts of 

basic material to be removed. Grain contains less basic materials than leaves or 

stems. For this reason, soil acidity will develop faster under continuous wheat 

pasture than when grain only is harvested. High yielding forages, such as 

Bermuda grass or alfalfa, can cause soil acidity to develop faster than with other 

crops (Table 3) (Johnson, 1914). 

 

Table 3: Calcium and magnesium composition of some crops 

Crop Ca kg/ton of crop Mg kg/ton of crop 
Dicots   
Alfalfa 15.88 4.45 
Lespedeza 7.71 2.59 
Red clover 13.34 4.17 
Soybean 11.34 7.89 
Monocots   
K. bluegrass 2.81 1.81 
Timothy 2.54 1.63 
Corn stover 4.45 3.81 
Wheat straw 1.45 1.0 

               Source: Horneck et al., 2006. 
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Knowing the soil pH helps to identify the kinds of chemical reactions that are 

likely to be taking place in the soil. Generally, the most important reactions from 

the standpoint of crop production are those dealing with solubility of compounds 

or materials in soils. In this regard, the effects of pH on the availability of toxic 

elements and nutrient elements are the most concern.  

Element Toxicities: Toxic elements like aluminum and manganese are the major 

causes for crop failure in acid soils. These elements are a problem in acid soils 

because they are more soluble at low pH.  In other words, more of the solid form 

of these elements will dissolve in water when the pH is acid. There is always a lot 

of aluminum present in soils because it is a part of most clay particles. 

When the soil pH is above about 5.5, the aluminum in soils remains in a solid 

combination with other elements and is not harmful to plants. As the pH drops 

below 5.5, aluminum containing materials began to dissolve. Because of its nature 

as a cation (Al3+), the amount of dissolved aluminum is 1000 times greater at pH 

4.5 than at 5.5, and 1000 times greater at 3.5 than at 4.5. For this reason, some crops 

may seem to do very well, but then fail completely with just a small change in soil 

pH. Wheat, for example, may do well even at pH 5.0, but usually will fail 

completely at a pH of 4.0. Aluminum toxicity is a common problem on acid soils 

and is related to ECEC and Al saturation. When Al saturation is 60% in soils with 

significant ECEC, there is a likely be 1 ppm or more Al3+ in soil solution and many 

crops will suffer from Al toxicity (Foth and Ellis, 1997). 

The relationship between pH and dissolved manganese in the soil is similar to that 

just described for aluminum, except that manganese (Mn2+) only increases 100 fold 

when the pH drops from 5.0 to 4.0 (Johnson, 1914). 

Nutrient Unavailability: Toxic levels of aluminum harm the crop by “root 

pruning.” that is, a small amount of aluminum in the soil solution in excess of 

what is normal causes the roots of most plants to either deteriorate or stop 

growing. As a result, the plants are unable to absorb water and nutrients normally 

and will appear stunted and exhibit nutrient deficiency symptoms, especially 
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those for phosphorus. The final effect is either complete crop failure or significant 

yield loss. Often the field will appear to be under greater stress from pests, such as 

weeds, because of the poor condition of the crop and its inability to compete. Toxic 

levels of manganese interfere with the normal growth processes of the above 

ground plant parts. This usually results in stunted, discolored growth and poor 

yields. Nitrogen availability is greater between pH 6 and 8 because the 

mineralization of N is maximum in this range. The availability of P in acid soils is 

reduced by precipitation with Fe and Al. At low pH, calcium carbonate in 

calcareous soils reduces the solubility of calcium phosphorous compounds by 

increasing the activity of ca2+ or by adsorption on CaCO3 surfaces. These examples 

specifically show how pH affects nutrient availability. 

2.5 Soil pH and its effect on plant growth and productivity 

The pH of a soil is among the most important soil characteristics for crop 

production. The pH of a soil is a measure of the activity of hydrogen (H+) ions in 

the soil solution usually obtained by shaking soil with distilled water. 

Mathematically, the pH is the negative logarithm of the hydrogen ion activity of a 

soil which means that for each unit increase in pH there is a 10 times change in 

acidity (so a soil with a pH of 5 is 10 times more acid than a soil with a pH of 6 and 

100 times more acid than a soil with a pH of 7). A soil with a pH value of 7 or 

greater is called an alkaline or basic soil. If the pH is less than 7, the soil is called 

acidic. As soils become increasingly acidic (decreasing pH), important nutrients 

like phosphorus become less available to plants (Fig 2). Other elements, like 

aluminum, become more available and may actually become toxic to the plant, 

resulting in reduced crop yields (Ketterings et al., 2005). 

Since soil acidity is now known to exert an important influence on the growth of 

plants, the farmers should be informed regarding the acidity of the land upon 

which they work. Within the pH range of 4 to 10,the primary effect of soil pH on 

plant growth is not the H+ or OH- activities per se but the associated chemical 

environments. In general, the major influence of pH is on ion activities that affect 
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the toxicity of elements like Al and Mn, or nutrient availability of mineral soils 

(Foth and Ellis, 1997). 

Figure 2:  Soil pH impacts on nutrient availability 

 

Source: Ketterings et al. (2005.) 

In humid climates like in parts of North America, the leaching of calcium, 

magnesium, potassium and sodium ions naturally causes a decrease in pH over 

time because they leave the soil clays dominated by H+ and aluminum ions (Al3+) 

(Kettering et al., 2005). Human activity can change the pH of a soil too; the 

addition of most nitrogen fertilizers and organic nutrient sources (compost and 

manure) leads to formation of nitric acid (HNO3) and/or sulfuric acid (H2SO4). 

Both are strong acids that cause an increase in soil acidity (i.e. a decrease the pH of 

the soil). The soil pH ranges recommended for field crops are given in Table 4. It is 

important to test soil to determine if the pH is within the desired range. If a 

desirable pH is not maintained, increased yield expected from new varieties 

cannot be realized. Extra fertilizer cannot fix a problem caused by low pH either. 
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Table 4: Ranges and recommended soil pH for optimal growth of field crops 

Crop species  Normal growth pH Recommended pH 

Alfalfa 

Barley 

Clover 

6.5 to 7.5 

6.3 to 7.0 

5.8 to 7.0 

6.6 to 7.0 

6.3 to 6.5 

5.8 to 6.2 

Grasses 

Oats 

Soybeans 

5.8 to 7.0 

5.8 to 7.0 

6.5 to 7.5 

5.8 to 6.2 

5.8 to 6.2 

6.6 to 7.0 

                   Source: Ketterings et al. (2005).  

2.6. Classification of soil acidity for lime requirement determination 

Research suggests three kind of acidity: (a) active acidity due to H+ ion in the soil 

solution; (b) salt replaceable acidity, represented by the hydrogen and aluminum 

that are easily exchangeable by other cations in a simple unbuffered salt solutions 

such as KCl; and (c) residual acidity which can be neutralized by lime stone or 

other alkaline materials but cannot be detected by the salt replaceable techniques 

.Obviously, these type of acidity all add up to total acidity of a soil. 

  

Active acidity: The active acidity is measure of the H+ ion activity in the soil 

solution at any given time. However, the quantity of H+ owing to active acidity is 

very small compared to the quantity in the exchange and residual acidity forms. 

For example, only about 2 Kg of calcium carbonate would be required to 

neutralize the active acidity in a hectare furrow slice of an average mineral soil at 

pH 4 and 20% moisture. Even though the concentration of hydrogen ion owing to 

active acidity is extremely small, it is important because this is the environment to 

which plants and microbes are exposed.  
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 Salt replaceable (exchangeable) acidity: This type of acidity is primarily 

associated with the exchangeable aluminum and hydrogen ions that are present in 

largest quantities in very acid soils. These ions can be released in to the soil 

solution by un buffered salt such as KCl. In moderately acid soils, the quantity of 

easily exchangeable aluminum and hydrogen is quite limited. Even in these soils, 

however, the limestone needed to neutralize this type of acidity is commonly more 

than 100 times that needed for the soil solution (active acidity). At a given pH 

value, exchangeable acidity is generally highest for smectites, intermediate for 

vermiculites, and lower for kaolinite. In any case however, it accounts for only a 

small portion of the total soil acidity as the next section will verify. 

 

Residual acidity: Residual acidity is that which remains in the soil after active and 

exchangeable acidity has been neutralized. Residual acidity is generally associated 

with aluminum hydroxyl ions and with aluminum and hydrogen atoms that are 

bound in non exchangeable forms by organic matter and silicate clays. If lime is 

added to soil, the pH increase and the aluminum hydroxyl ions are changed to 

uncharged gibbsite. In addition, as the pH increase bound hydrogen and 

aluminum can be released by calcium and magnesium in the lime material [Ca 

(OH) 2] is used as an example of the reactive calcium liming material. 

 

The residual acidity is commonly far greater than either the active or salt-

replaceable acidity. Conservative estimates suggest the residual acidity may be 

1000 times greater than the soil solution or active acidity in a sandy soil, 50,000 or 

even 100,000 times greater in a clayey soil high in organic matter. The amount of 

ground lime stone recommended to at least partly neutralize residual acidity is 

commonly 4-8 metric tons  per hectare furrow slice (1.8-3.6 tons/AFS). It is 

obvious that the pH of the soil solution is only “the tip of the iceberg” in 

determining how much lime is needed (Brady, 2001). 

 2.7. Liming to improve soil quality in acid soils 

Soil pH is an excellent chemical indicator of soil quality. Farmers can improve the 

soil quality of acid soils by liming to adjust pH to the levels needed by the crop to 
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be grown. Benefits of liming include increased nutrient availability, improved soil 

structure, and increased rates of infiltration. Today it is known that positive plant 

response to addition of lime and other bases are often associated not only with the 

increase soil pH but also with reduction in metal toxicity specially that of 

aluminum, manganese, iron, and an increase in the bioavailability of 

phosphorous, calcium and magnesium (Foy, 1984). Understanding soil pH is 

essential for the proper management and optimum soil and crop productivity. In 

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

to some other substance (Tisdale et al., 1993). Soil pH is a measure of the number 

of hydrogen ions in the soil solution. 

 

Active acidity will indicate a need for lime. Potential acidity (or buffer pH) is the 

amount of Al3+ and H+ ions that are adsorbed on soil particles (negatively charged 

cation exchange sites) and can be desorbed from these exchange sites to the liming 

materials are added. It is the potential acidity that determines the amounts of 

agricultural limestone to neutralize soil acidity. As potential acidity increases, a 

larger amount of lime is required to raise pH by a given amount. As cation 

exchange capacity increases, (higher clay and organic matter), the amount of 

liming material needed to change soil pH also increases. Soils with a low cation 

exchange capacity may only require 1 ton of agricultural limestone to change a pH 

from 4.5 to 6.5; whereas, a soil with a higher CEC may require 2 tons of 

agricultural lime to make the same change. 

 

A good liming program is based on a soil test that determines the degree of soil 

acidity and the correct amount of a liming material needed to neutralize that 

acidity. Once this amount is determined, a liming material must be selected that 

will economically satisfy the soil test recommendation and result in maximum, 

efficient production. However, before considering the necessary lime application 

amounts, an understanding of lime materials, quality, and associated laws is 

helpful. 
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Liming materials: A lime is an agricultural liming material capable of neutralizing 

soil acidity, i.e., increasing soil pH. Common liming materials and some of their 

important chemical properties are given in Table 5. By far the most common 

liming materials used are ground calcitic and dolomitic limestone. While they do 

supply essential calcium and magnesium in the process of liming, it is the 

carbonate, oxide, or hydroxide part of these compounds that neutralizes soil 

acidity. Materials such as calcium sulfate (gypsum) or magnesium sulfate (Epsom 

salts) are not liming materials, even though they contain calcium and magnesium, 

because they are not capable of neutralizing soil acidity. 

Table 5: Common lime materials 

Material Chemical formula  % CCE 
 Pure calcitic limestone CaCO3   100 
  Dolomitic limestone        (Ca, Mg) CO3 109 

 Calcium oxide; lime, burnt, 

lump, or unslaked lime, 

CaO 179 

Calcium hydroxide; hydrated  

slaked, or builders’ lime 

Ca(OH)2 136 

Marl and shells CaCO3 70–90 
Slag (various) CaSiO3   60–90 
Industrial by-products varies Varies  

                        Source: Beegle and Lingenfelter (1995)  

Lime quality: Not all limestone is the same. The quality of lime varies significantly 

and should be an important consideration in lime management. Four factors are 

most important in assessing lime quality; chemical purity, speed of reaction, 

calcium and magnesium content, and moisture. 

 Chemical purity: The chemical purity of lime determines the amount of soil 

acidity the material can neutralize. Chemical purity is indicated by the material’s 

calcium carbonate equivalent (CCE): the amount of soil acidity the material can 

neutralize compared to pure calcium carbonate (calcitic limestone, CaCO3). The 

CCE is given as a percentage: a 100-percent- CCE limestone would be just as 

effective as pure calcitic limestone in neutralizing value; 90-percent-CCE limestone 

would be only 90 percent as effective; and a 109-percent- CCE limestone such as a 
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dolomitic limestone would be 109 percent as effective. The calcium carbonate 

equivalent is given for each of the materials listed in Table 5. Calcium carbonate 

equivalent indicates only the equivalent neutralizing value of a liming material; it 

says nothing about the actual calcium carbonate content of the material. 

 For example, note that pure calcium hydroxide (hydrated or slaked lime) has a 

CCE of 136 percent but contains no calcium carbonate. The CCE value of a 

limestone is obtained directly by dissolving a sample of the material in an acid. 

However, lime analysis is often reported in different ways, such as calcium oxide 

(CaO) and magnesium oxide (MgO) or as calcium carbonate (CaCO3) and 

magnesium carbonate (MgCO3).  

 Speed of reaction. The speed with which a lime material reacts with the soil to 

neutralize acidity and thus increases soil pH is determined by the fineness of the 

material. The finer the material, the faster it will react because limestone’s 

solubility increases as it is ground finer. Also, limestone affects only a very small 

volume of soil around each particle, so the finer the material, the greater the total 

surface area that is available to come into contact with the soil and neutralize it 

(assuming adequate soil mixing).  

A lime should react with the soil as quickly as possible. Generally, lime should 

react completely within three years. Quicker reaction may be desirable on rented 

ground or for shorter-season annual crops. Lime fineness is given as the 

percentage of the material that passes through sieves of specified mesh. Sieve 

mesh is the number of wires per inch on the sieve.  A lime larger than 20 meshes 

(about the fineness of table salt/sugar) reacts extremely slowly; little will react 

within two to three years. The speed of reaction increases to a practical maximum 

with 100-mesh material.  

 Calcium and magnesium content:  In addition to acid neutralization capabilities, 

lime also serves as a source of calcium and magnesium. The magnesium content of 

a lime is important when a soil test indicates a need for magnesium. Magnesium 

requirements are met most economically by applying a lime material that contains 
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magnesium.  The magnesium content of a lime varies considerably. Unfortunately, 

there is no official trade classification of limestone according to its magnesium 

content. Local classification schemes often create confusion.  

Therefore, to select the proper lime material, the actual magnesium analysis rather 

than a name should be used (e.g., dolomite lime, high-magnesium lime). 

Magnesium soil-test recommendations are usually given in one of the three 

different ways: as pounds of Mg per acre, or as pounds of MgO per acre, or as 

pounds of calcium carbonate equivalent per acre with a specific Mg or MgO 

content. Liming materials must be labeled to indicate their percentage of Mg; 

however, additional information on percentage of MgO may also appear (Beegle 

and Lingenfelter, 1995).  

 Moisture: The moisture content of a lime does not directly affect its effectiveness. 

However, lime is sold and applied by weight, including water weight, a high 

moisture content means less actual liming material per ton. When moisture 

content approaches 10 percent or more, the application rate of a lime per acre 

should be adjusted to ensure that the required amount of actual liming material is 

applied to the soil. Use the following formula to make the adjustment (Beegle and 

Lingenfelter, 1995): 

                          Soil test recommendation (CCE/A) x 100 
                                    100 - % moisture 

  2.8. Methods to determine Lime requirement 

Soil acidity limits plant growth by stunting root development and thereby 

decreasing the uptake of water and nutrients. Mixing lime into the topsoil is one of 

effective way of dealing with soil acidity problems. There are differences between 

the various vegetables and crops with respect to their abilities to grow on acid 

soils. In general, vegetables are very sensitive to acidity, and therefore, more lime 

is required to grow vegetables than row crops (Manson and Katusic, 1997).  
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Research has shown that liming acid soils is one of the most important aspects of 

crop production. Although a bag of lime costs much less than a bag of fertilizer, 

often very large quantities of lime are required to neutralize the soil acidity. For 

example, for good yields a one ha may need a large bucket of lime, but only much 

less amount of N/P fertilizers. This means that liming involves the costs of the 

lime itself, as well as the costs of transport, spreading and incorporation, making 

the whole liming operation particularly problematic for farmers with limited 

capital.  

However, liming is absolutely essential for improving yields on acidic soils. An 

important consideration is that lime is not required every season. After application 

of the correct amount of lime, no further lime is required for 3 to 5 years. Where 

there is farmer resistance to use lime, a simple demonstration can prove most 

rewarding from an extension point of view. A farmer may be persuaded to 

purchase just one bag of lime, and this is applied at the recommended rate to the 

poorest part of the land. The resultant benefit in crop growth from the limited area 

should encourage the farmer (and his neighbors) to invest in lime in subsequent 

seasons. Lime determination can be done using different methods such as: 

-Laboratory incubation of soil lime mixture to determine the amount of lime 

-Soil base titration using Ca (OH) 2 to indicate the desire pH  

-Equilibrating soil with various buffer solutions (Buffer method). 

-Soil extraction (KCl, NH4Cl) and titrate to determine exchangeable Al3+ or (Al3+ 

+H+) acidity (acid saturation method) 

-Extraction of exchangeable acidity and, Ca +Mg with various buffered salts and 

determine a ratio (so called R value). 

-Using PH (KCl) and soil texture table. 
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One of the early approaches employed by soil testing laboratories to determine the 

lime requirement was based on the relationship between soil pH and percent base 

saturation and knowledge of the cation exchange capacity of the soil (Extraction of 

exchangeable acidity and, Ca +Mg with various buffered salts and determine a 

ratio (so called R value.) and Using PH (KCl) and soil texture table). The cation 

exchange capacity was often estimated based on the texture and organic matter 

content and knowledge of the predominant clay mineral present. The weak side of 

these methods are, the knowledge that acid soils contain exchangeable Al brought 

about a new concept for making lime recommendations. These methods are 

favored in situations where there is no other choice.  

The next concept was to apply the amount of lime required to neutralize the Al 

which was extractable with a neutral un buffered solution such as KCl (acid 

saturation method). This method (acid saturation method) is a good choice for 

advisory laboratories because of time and cost constraints. The next concept 

brought new method which uses buffer solution. Although the use of buffer 

solution made this method more valuable, the procedure for measuring 

exchangeable Al is not well suited for routine soil testing procedure. However, 

many soil testing laboratories in USA now use a soil buffer pH procedure for 

determining the lime requirement. These procedures must be rapid and must 

provide reliable estimates of the lime requirement. Buffer solutions have been 

developed to react with soil acidity and aid the recommendation of lime 

requirement.  

Buffer pH (BpH): This is a value that is generated in the laboratory; it is not an 

existing feature of the soil. Laboratories perform this test in order to develop lime 

recommendations, and it actually has no other practical value.  

In basic terms, the BpH is the resulting sample pH after the laboratory has added a 

liming material. In this test, a buffering solution is added in a chemical mixture. 

This solution functions like extremely fast-acting lime. Each soil sample receives 

the same amount of buffering solution; therefore the resulting pH is different for 
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each sample. To determine a lime recommendation, the difference between the 

original soil pH and the ending pH after the buffering solution has reacted with 

the soil is determined. If the difference between the two pH measurements is 

large, it means that the soil pH is easily changed, and a low rate of lime will 

suffice. If the soil pH changes only a little after the buffering solution has reacted, 

it means that the soil pH is difficult to change and a larger lime addition is needed 

to reach the desired pH for the crop.  

The soil pH measures the amount of acidity in the soil solution and indicates 

whether liming is necessary for crop production. It does not measure the amount 

of reserve acidity held on the clay and organic matter particles in the soil, which 

will dictate how much lime is needed. Different amounts of reserve acidity will 

mean that two soils at the same pH value will need different amounts of lime to 

raise the pH to the desired level. The reserve acidity is measured in a separate test: 

the buffer pH. The greater the amount of reserve acidity, the lower the buffer pH 

and the more lime is required to raise the pH (Foy, 1984).   

 The four most widely used buffers are Woodruff (Woodruff, 1948), SMP 

(Shoemaker et al., 1961), Adams-Evans (Adams and Evans, 1962), and Mehlich 

(Mehlich, 1976). The Woodruff method was developed for Mollisols (high organic 

matter mineral soils of the Midwest) for the purpose of liming soils to pH 6.5. 

Although in use by some laboratories in the Midwest of USA it is not as widely 

used as the SMP buffer. The SMP buffer was developed for soils having a 

relatively high lime requirement and significant reserves of exchangeable Al. The 

SMP buffer is suited for Alfisols having large amounts of three layer clays and 

high organic matter content. The majority of laboratories in the world use the SMP 

buffer. The SMP is not well suited for low exchange capacity soils of the Southeast 

and can give inaccurate results on these soils. 

 The Adams and Evans buffer applied in many part of United State of America 

was developed for soils with low cation exchange capacity and containing 

primarily kaolinitic clays. These soils usually have relatively low lime 
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requirements and the possibility of over liming exists. The Adams and Evans 

buffer is very reliable for soils with relatively small amounts of exchangeable 

acidity and provides a fairly high degree of accuracy of estimating lime 

requirements to reach pH 6.5 or less. Sensitivity of the lime requirement by this 

method is within 560kg/ha of limestone. The Adams and Evans lime requirement 

method is based on separate measurements of soil pH in water and a buffer 

solution (pH 8.0). The soil pH determination is used as a measure of acid 

saturation of the soil.  

Another possible alternate method for determining the LR of acid soils is by direct 

titration with a base, although these methods are time-consuming and would need 

to be simplified for routine use .Dunn (1943) studied direct titration to predict the 

LR of acid soils and focused on the time to reach equilibrium for the reaction 

between the added base and soil acids .This method is fevered for researchers  and 

used to develop titration curve for different agro ecology and is very important to 

agricultural extension program. 

       2.9 Liming of acid soils in Ethiopia 

Barley performs better than other crops on poor site such as Chencha and Bedi, 

but yields are low (less than 5 qt/ha). Low yields at both Chencha and Bedi are 

mainly associated with the strongly acidic nature of the soils (pH<5.5) (Taye et al., 

1996). The very humid conditions and steep topography has resulted in low pH, 

low exchangeable bases and low base saturations of the soil (Taye et al., 1996). 

High iron and aluminum content of the soil fix both applied and inherent 

phosphate in forms unavailable to plants. Experiments were conducted at these 

locations for seven years to study the effect of liming with and without N and P 

fertilizations. At chencha the effect of lime and phosphate on the yield of local 

barley was studied using four rates of lime (0, 3, 6, 9 t/ha) and four rates of 

phosphate. Application of lime and phosphate significantly increased grain yield 

of barley at one site. (0, 20.2, 30.3, 4.4 Kg/ha) (Taye et al., 1996). 
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This is because liming increased the root content of calcium and magnesium 

mainly in the humic layer and in the upper 0-10cm of the mineral soils, where as 

in the deeper layer of the mineral soil (10-30cm) hardly any difference occurred, 

compared with none liming plots (Hahn and Marschner, 1998). The lime, gypsum 

or mixed application resulted in CEC down to 30cm, in base saturation down to 

45cm , increase pH and exchangeable Ca at the surface and decrease in Al in the 

surface layer (Bakker et al.,1999). 

 Applying 3t/ha and 30.3 P kg/ha was recommended at one site of Chencha. On 

another site the effect of lime and interaction with phosphate was not found 

significant. There was no residual effect on both P and lime at both sites. The 

absence of residual effect was attributed to the high phosphate fixing capacity of 

the soil. In addition, the high rain fall at Chencha was believed to be contributing 

to the loss of some Ca that has been applied as lime. A small dressing of lime each 

year was thought to be beneficial (Taye et al., 1996). 

A trial was conducted to find out if lime can increase the effectiveness of farm 

yard manure (FYM). Results showed that there was a significant interaction 

between lime and FYM the highest grain yield was obtained with the application 

of 3t lime /ha and 12t FYM/ha (Taye et al., 1996) (table 6). 

Table 6 : Grain yield of barley due to application of lime and FYM 

FYM t/ha Lime rate (t/ha) Average effect 

of FYM (t/ha) 0  3 6 
0 18.1 331.7 889.7 416.7 
6 112.0 565.4 894.5 524.0 
12 591.5 1336.4 1189.9 1038.9 
Average effect of 240.7 744.2 994.7  
LSD (5%) 310.2   

                    Source: Taye et al., 1996. 

At Bedi rate of lime (0, 1.5, 3.0, 4.5 t/ha) and N/P (0/0, 30/13, 60/26, 90/39 

Kg/ha) were tested from 1978-1981. Application of both lime and N/P fertilizer 

significantly increased the grain yield of barley in all four years. Mean grain yield 

varied from 7.1 qt/ha to 13.4qt/ha for the control and from 11.4 to 19.6qt /ha for 



Status of Soil Acidity and Comparison of Lime Requirement 

33                                         birhanuagumas@yahoo.com 

the lime and N/P treatment over four years. The largest yield increment was 

obtained with 3 t/ha lime, and 60 kg N and 26 kg P/ha for most years. The 

residual effect from liming was generally small throughout the three years. 

Maximum yield obtained after application of lime for two successive years was 

2.15qt/ha with three tone lime/ha. Liming had increased soil pH, exchangeable 

Ca and Mg. Studies on the effect of liming, Mg and Zn was conducted at Bedi. 

There was no increase either due to Mg or Zn application. Soil tests indicated 156 

to 192 ppm Mg and 11.5 ppm Zn in the soil. The availability of both elements was 

adequate for grain production (Taye et al., 1996). 
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3. Materials and Methods 

3.1. Description of the Study Area 

3.1.1. Location  

Geographically the study area is located at Gafera, and Gullazmach kebeles in 

Fagetalekoma woreda in Awi zone of Amhara Regional State. Fagetalekoma 

woreda is located at 110 04’ 30”- 110 05’ latitude and 360 52’-360 54’ longitudes 

(EMPA, 2007). Its capital town Addis Kedame is one of 8 Woredas in Awi 

administrative zone located approximately 101 km southwest of Bahir Dar, the 

capital city of ANRS and about 446km northwest of Addis Ababa. The woreda is 

bordered by Dangila woreda on the North, Sekela woreda on the East, 

Banjashikudad woreda on the south, and Guangua woreda on the West. 

 

Figure 3: Map of Rural Keble Centers and socio-Economic services in Fagtalokoma 

woreda

 

  Source:  BoFED, 2004 
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3.1.2 Geology, Topography and Soil 

Awi zone has its own physical features mainly characterized by the existence of 

several rivers and mountains, these geographical features have deeply affected its 

socio-economic conditions and land management practices (Nebeyu, 2004). The 

upstream portion of the Abay (Blue Nile) river basin is rolling volcanic plateau 

with an average altitude of 2400m.a.s.l. Rising above the plateau are lofty 

mountains up to 4500 meters in altitude where peaks and tall slender volcanic 

plugs are common. The Abay and its tributaries drain most of the central parts of 

the North-Western plateau. It has its source in Sakala (about N 110 and E 370) at 

the first flows about 112km north to south side of Lake Tana which has an altitude 

of 1820 m.a.s.l. (Getaneh, 1975).  

 

The western part of the basin has been more maturely eroded, nearly all volcanic 

rocks have been eroded, and exposing mostly pre-Cambrian metamorphic and 

granite rocks (Getaneh, 1975). The volcanic rocks forming the plateaus are mostly 

basalts which flowed out on a flat low land surface. Most of the mountains rising 

above the general plateau level are’ central volcanoes’ formed by later phases of 

explosive and extrusive ejections of material. The later rocks are acidic, i.e. 

trachyte and rhyolite, than the plateau basalts (Getaneh, 1975). From this source 

we can infer that Fagtalokoma woreda might has almost similar geology and soil 

types, because Sakela is the east border of the woreda. Fagtalokoma  woreda is 

found central parts of the north-western plateau, the lower basin of Abay . 

 

On the other hand Awi zone in general and Fagtalokoma woreda in specific has 

relief types of plain (62% for Awi and 38% for Fagtalokoma), mountains for Awi 

Zone 23% and for Fagtalokoma woreda 24%, others for Awi Zone 15 % and for 

Fagtalokoma 38%). The major soils types include vertisols, nitosols, and cambisols 

(BoPED, 2000). The altitude of the sampling area ( Gullazmach keble ) ranges from 

2404 m a.s.l (cultivated land) to 2430 m a.s.l (natural forest) and Gaffera keble  

altitude varies from 2477 in cultivated land of one sampling site to 2517 in grazing 

land of other sampling site. The slope also varies 1% in cultivated land to 10% in 
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grazing land of Gullazmach keble where as in Gaffera keble slope varies from 5% 

in backyard to 14% in natural forest (appendix 3 and 4). 

Figure 4: Elevation map of Awi administrative Zone 

          

Source:  BoFED, 2004 

  3.1.3. Climate 

Climatic conditions in the highlands of Ethiopia are generally a result of 

differences in altitude. Climatic conditions in Fagtalokoma Woreda, Awi zone are 

divided into three agro-climatic zones (Dega (16%), weynadega (84%) and Kolla 

Na. Altitude ranges from 2000-3200 m.a.s.l. Average annual rain fall is 2379mm 

with a unimodal rainy season. The rainy season for the area is binging of June – 
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end of September. Temperature varies between the mean annual maximum of 25 
oc and mean annual minimum of 11 oc across the elevation gradient (BoPED, 2000). 

                     Figure 5: Monthly average rain fall of the nearby station of the woreda (injebara) 

 

Source: National meteorology agency, 2008 

Figure 6: Annual rain fall of the nearby station of the woreda ( injibara) 

 

Source: National meteorology agency( 2008)   



Status of Soil Acidity and Comparison of Lime Requirement 

38                                         birhanuagumas@yahoo.com 

3.1.4. Population, ethnic and religion composition 

Fagetalekoma woreda has 25 kebeles and a population of 97,446 with working 

group of 33,930. The study area population is mainly rural (95.4%). The Woreda 

comprises Agew (49%), Amhara (51%) and very few numbers of Oromo, Tigry 

and Gewada ethnic groups. The dominant religion in the area is orthodox 

tewahido 99.9%. Despite their few number other religions like, protestant,   

catholic, Muslim and traditional are found in the Woreda (CSA, 1998).    

3.1.5. Land use types and farming systems  

The agricultural activity is mixed agriculture under rain-fed farming system 

supplemented with traditional irrigation. The irrigation facilities are limited to few 

locations depending upon the availability of suitable sites for traditional irrigation. 

The maximum irrigation is available in Nechela peasant kebeles due to availability 

of perennial streams and suitably the water is diverted to nearby fields (BoAR, 

2007). The major annual crops grown in the study area are Barley, potato, oat, tef 

and Nug. The natural vegetation is shrunk between Injjebara and Chagni and 

around the Churches only as they are not damaged due to religious 

considerations. The woreda occupied total areas of 34,207.66ha of which, 77.83% is 

cultivated land in the flats, 12.02% is forests, woodland, bushes and 9.03% is 

grazing lands in steep slopes. From the total, 0 .96% is for other purpose and 0 

.14% is out off use (BoARD, 2007). The vegetation of the study area is largely 

dominated by Ficus sps, Croton macrostachyus Arundinaria alpina, Eucalyptus 

camaldulensis, Eucalyptus globules, Junipers procera, Olea Europeana. 

Eucalyptus and junipers are the major plantations.  
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3.2 Methods 

3.2.1 Soil survey 

3.2.1.1 Selection of kebeles and land use types 
Reconnaissance Survey was conducted to select two kebeles of Fagtalokoma 

woreda before the start of the study. During surveying the general geography of 

the area was identified. Purposive sampling was carried out to select the kebeles 

and land use types. The criteria used to select the kebeles were (1) kebeles that are 

rated first by agricultural bureau due to soil acidity problems, (2) kebeles that have 

four land use types and (3) kebles that are representative as compare to other 

Kebles. Based on these criteria two kebeles (Gullazmach and Gaffer) in the 

specified woreda were selected. After the selection of the kebles the next step was 

to select the land use types. To take purposive sampling; the land use types were 

systematically selected on the basis of similarity in soil color by visual observation, 

with closest slop and altitude to reduce  altitude and slop as well as soil type 

difference impacts on the soil acidity. Land use types that are boarder to each 

other with in the respective land use types were selected for soil sampling fields.  

The four land uses types selected were cultivated, backyard, grazing lands and 

natural forest. 

 The cultivated and backyard land pieces have been under intensive cultivation 

with oxen tillage for more than 30 years according to the farmers’ response. The 

latter (backyard) gets special treatment from application of farmyard manure and 

compost. The grazing land was used for grazing of livestock for more than 30 

years. The cultivated land use system has received urea and DAP fertilizers in 

most of the years under barley and Tef cropping. The forest had no recorded 

cropping history and is under protection because of the religious purpose.  

3.2.1.2 Soil sampling 
 To collect soil samples transect were laid out in a 100mx100 m (1ha) land to 

determine the plot in each land use systems. Along the transect walk 20mx20m 

plot with three replication was used for soil sampling. In each plot soil samples 
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were collected from 0-20 cm depth with soil auger at the four corners and the 

centre of the square plots. Five samples in each sampling plot were mixed in a 

large bucket to form one composite sample. Totally, one hundred twenty (120) 

samples with in twenty four (24) composite samples were collected from all the 

sites in the field. 

 3.2 2 Laboratory analysis 
The soil samples collected from each land use types were air dried and passed 

through 2-mm sieve for the determination of many of the soil quality indicators; 

however, the soil samples for organic matter, total N, and available P analyses 

were ground to pass 0.5-mm size sieve. Soil texture was determined with 

hydrometer. The pH of the soil was measured potentiometrically with a digital pH 

meter in the supernatant suspension of 1:2.5, soil: liquid ratio and the liquid were 

water and 1M KCl solution. The exchangeable bases were extracted with 1M 

ammonium acetate at pH 7, whereas cation exchange capacity (CEC) was 

determined with 1M ammonium acetate. The exchangeable acidity was 

determined by saturating the soil samples with 1N KCl solution and titrating with 

NaOH. The organic matter was determined by Wakley and Black method. Total N 

was determined with Kjeldahl method (Jackson, 1958). The available P was 

determined with Olsen methods (Olsen et al., 1954). 

3.2.3. Methods used for Lime determination 

3.2.3.1 Acid saturation method 
 
Two methods were employed to quantify the lime amount. The first method used 

to determine lime requirement was the acid saturation method.  Acid saturation 

method uses exchangeable acidity, effective cation exchange capacity and 

permissible acid saturation percentage of crops to calculate the amount of lime to 

be applied. Using acid saturation method, lime requirement is calculated as 

follows: (Manson and Katusic, 1997). 

LR (Kg)/ha= LRF [Ex. acidity- (ECEC*PAS)]  
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Where: 
-LR = lime requirement 

 -LRF= lime requirement factor Kg lime/ha to lower the exchangeable acidity by 
one cent mole =3000Kg lime/ha/cmole (Farina, 1991) for most Ethiopia soils. 

-Ex. Acidity = Exchangeable acidity (H+ +AL+++) 

-PAS- permissible acid saturation 

ECEC = Ex. acidity+ Ex. Bases. 

When lime requirement is determined the neutralizing value of the lime and the 

depth of incorporation should be considered. In Ethiopia lime is supplied by MBI 

(modern building industry) and has neutralizing value in the order of 96-98% 

calcium carbonate equivalent (CCE) (Taye, 2008). The lime requirement factor was 

done based on the neutralizing value of 75% calcium carbonate equivalent.  

Therefore modification based on (Taye, 2008) on lime requirement factors by half 

might be necessary. So LRF becomes 1/2of 3000Kg/ha/cmole=1500Kg/ha/cmole. 

Also, based on the neutralizing value of lime source (96-98% CCE), which is 

widely used in the country, it is possible to further reduce the lime requirement 

factor by 75/98*1500Kg/ha/cmole=1159.79Kg/ha/cmole. 

Therefore LR= 1159.79Kg/ha/cmole [ex.acidity- (ECEC*PAS)], however this 

assumption need to be further researched. 

3.2.3.2 Lime determination using buffer solution 
 
The second method used to determine lime requirement was using various buffer 

solutions. The buffer solution used in this research was SMP buffer solution. 

Twenty four soil samples were submitted to Amhara Nation’s Regional State 

Bureau of Agriculture and Rural Development, Gondar Soil Testing Laboratory 

for buffer pH determination. After the buffer pH is determined using SMP buffer 

solution, lime requirement was estimated by referring to a published table, 

relating buffer pH to the target pH of 6.5 ( appendix 8) 
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3.3. Data analysis 

Statistical analyses were performed to test the influence of land use on soil quality 

indicators in general and soil acidity in particular using one-way analysis of 

variance (ANOVA). Mean comparisons were made using the least significant 

difference (LSD) test with p < 0.01and 0.05. The ANOVA analyses were conducted 

through SAS (statistical analysis soft ware) where as correlation analysis was done 

using SPSS statistical soft ware. 
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4. Results and Discussion  

4.1. Status of soil acidity in different land use systems 

4.1.1 Soil pH in different land uses 
 
In all the different land use systems, soil pH measured in water was higher by 

about 1.05-1.33 units than the respective pH values measured in KCl solution 

(Table 7). The low soil pH with KCl determination indicates the presence of 

substantial quantity of exchangeable hydrogen and aluminum ions. According to 

Mekaru and Uehara (1972) and Anon (1993), high soil acidity with KCl solution 

determination showed the presence of high potential acidity and weatherable 

minerals. There are different parameters that can indicate the status of soil acidity. 

Among these parameters pH indicates active (solution) acidity. There was great 

difference on soil acidity indicator parameters among the two tested kebels. This 

may be due to elevation and slop variation between the two kebles (appendices 

3and 4).  

Similarly, soil pH (active acidity) was also significantly (p<0.01 and <0.05) affected 

by different land use systems. The highest (6.14 and 5.73) and the lowest (5.25 and 

5.13) pH (H2O) were recorded at the top soil of the forest and the cultivated lands 

in Gullazmach keble and Gaffera keble, respectively. The increasing of soil acidity 

in cultivated land showed that intensive cultivation, removal of crop residues and 

continuous use of acid forming inorganic fertilizers on acid soils may aggravate 

soil acidity (Table 7). Similarly over grazing of grazing land is responsible for 

leaching of basic cations and left over acidic cations that can lead acidity of the 

area (Table 9).  The results were in agreement with the reports of many research 

findings (Baligar et al., 1997; Blamey et al., 1997; (Wakene and Heluf, 2006). 
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Table 7: soil acidity indicator parameters in different land uses  

* Means with the same letter are not significantly different 

AS% (ex. acidity/ECEC) 

From the results (Table 7) pH (H2O) of cultivated land of both Kebles and grazing 

land of Gullazmach Keble were strongly acidic according to USDA (1999) (Table 

8). Grazing land and natural forest in Gaffera kebele and backyard land use 

systems in bothe kebles were in moderate category. But the natural forest land use 

types in Gullazmach kebele was slightly acidic (Table 8). Factors such as climate 

(temperature, rain fall and precipitation), seasonal variations of dry and rainy 

season, topography and morphological factors may be responsible for the 

increment of acidity. Further investigation should be carried out to identify the 

major and minor factors in acid soil formation in this area. This natural acidic 

property is aggravated in cultivated land of both kebles and grazing land use 

types of Gullazmach kebele due to poor soil and range management. 

           Table 8: Descriptive ranges for pH (H2O) in soils 

Ultra acid < 3.5 Neutral 6.6-7.3 
Extremely Acid 3.5-4.4 Slightly alkaline 7.4-7.8 
Very strongly acid 4.5-5.0 Moderately alkaline 7.9-8.4 
Strongly acid 5.1-5.5 Strongly alkaline 8.5-9.0 
Moderately acid 5.6-6.0 Very strongly > 9.0 
Slightly acid 6.1-6.5   

                  Source: USDA, 1999. 
 
 
 

Land use Gullazmach kebele Gaffera kebele 

 

Cultivated 

pH 

(H2O) 

pH(KCl)   ΔpH Ex. 

acidity 

AS% pH 

(pH2O) 

pH 

(KCl) 

Δp

H 

Ex. 

acidity 

AS% 

5.24 C 4.07B 1.18 3.02A 29.75A 5.13 B 3.8 B 1.33 4.56  A 32.35A 

Grazing 5 .41BC 4.30AB 1.1 3.20A 20.88A 5.64A 4.57A 1.09 1.54 B 10.87B 

Backyard 5.59 B 4.54 AB 1.05 0 .56C 3.49B 5.72 A 4.58A 1.14 1.20 BC 9.11B 

Forest  6.14 A  4.93 A 1.21 0 .41C 1.07B 5.73 A  4.59 A 1.14 0.71  C 2.66C 

CV 1.67 5.02  7.52 43.42 2.57 3.01  15.81 1 

LSD 0.19 0.45  2.57 11.93 0.28 0.26  0.64 5.60 
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Figure 7: Communal open grazing 
land of  Gaffera Keble             

 
 
 
 
 
 
 
 
 
 
 
                           
       Figure 8: Communal open grazing    

 
                                                               land of Gullazmach keble  

Figure 9: Cultivated land of sampling site of Gaffera Keble 
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Figure 10 : Cultivated Land of   Gullazmach Keble (one sampling site) 

 

 

 

 

 

4.1.2. Exchangeable acidity and acid saturation percentage in different land uses. 
 
There was a highly significant (p<0.01) discrepancy between land use systems on 

exchangeable acidity as well as acid saturation percentage in both kebeles (Table 

7). The two parameters are very good indicators of extent of potential or reserve 

acidity of the soil. From (Table 7) exchangeable acidity indicates the presence of 

excess Al and H+ ion on the soil colloid as compared to total cation exchange 

capacity of the soil. This is because the basic cations are leached out of the top soil 

layer (Table 9 and 10) in cultivated and grazing land uses. So in cultivated land 

use system there was a significantly (p<0.01) high exchangeable acidity and acid 

saturation percentage. This needs ameliorative measures. In this land use systems 

Al toxicity may be a problem for crop production.  

Hydrogen ion in soil solution is termed active acidity and is the acidity measured 

by common pH tests. Hydrogen and aluminum ions adsorbed on soil colloids are 

termed exchangeable (or sometimes reserve) acidity. Exchangeable acidity is much 

larger than active acidity (Brady, 2001). Both acidities may be responsible for soil 

productivity constraints in cultivated and grazing land uses. Acid saturation 

percentage and exchangeable acidity were not significantly (p<0.01 and p<0.05) 

different in cultivated and grazing lands use systems in Gullazmach keble this 

may be due to highly destructive over grazing that leads depletion of basic cations 
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in grazing land use systems in this kebele. On the other hand, there was significant 

(p<0.05) variation between cultivated and backyard land use systems in 

exchangeable acidity and acid saturation percentage in this kebele. This may be 

explained by the fact that exchangeable basic cations are not depleted and acidic 

cations are not left over because of good soil management in backyard land use 

systems as compared to cultivated land in Gullazmach keble.  

Grazing land use system in Gullazmach Keble was almost double in exchangeable 

acidity and acid saturation percentage as compared to the same land use system of 

Gaffera keble. This might be due to a highly destructive over grazing practice and 

collection of cow dung for energy consumption in GullazmachKeble than Gaffera 

keble. In most of the soil acidity indicators natural forest and backyard lands were 

higher than the two land uses. There was no significant (p<0.05 and p<0.01) 

variation between forest and backyard in exchangeable acidity and acid saturation 

percent.  

Generally from the result above (Table 7) soil acidity was low in natural forest and 

backyard land use systems as compared to other land use systems in both kebles. 

The reason may be farmers apply compost and farmyard manure that can add 

organic matter to their backyard where as they don’t in cultivated land due to 

labor and farmyard manure constraints; this shows farmer’s soil management in 

backyard land use system should be encouraged. The low soil acidity in natural 

forest and backyard may be attributed to accumulation of organic matter due to 

little soil disturbance (in natural forest), high manure and organic waste input (in 

backyard)  as compared to the cultivated and grazing land and hence decrease soil 

acidity in this land use.   
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Figure 11: Natural Forest of (Lulista Kidanmihrent church) in Gullazmach Keble  

                                                  
 

 

 

Figure 12: Natural Forest of Gaffera Keble (Gaffera Gebreal    Church) 

4.2. Soil acidity and plant nutrients 

4.2.1 Exchangeable bases and soil acidity 

A highly significant (p<0.01) difference was observed in exchangeable Mg and Ca 

among the land use systems of Gullazmach and Gaffera kebeles respectively 

(Table 9 and 10). On the other hand, significantly (p<0.01) higher Ca and Mg was 

recorded in forest land of Gullazmach and Gaffera kebeles respectively (Table 9 

and 10). The natural forest to which all forms of agricultural production were 

forbidden because of religious purpose (Figure 7 and 8), exhibited the highest 

adjusted mean value relative to the cultivated land use. However, a significantly 

higher (p<0.01 and p<0.05) K was recorded in backyard land use systems of 

gullazmach keble (Table 9) where as there was no significant (p<0.01 and p<0.05) 

difference on K in Gaffera kebele( Table 10). A significantly higher (p<0.01 and 

p<0.05) Na was recorded in grazing land of Gullazmach kebele (Table 9), 

however, there was no significant (p<0.01 and p<0.05) variation among land uses 

in Na of Gaffera kebele (Table 10). The cation exchange capacity was also 

significantly varied across the land use systems in both kebeles (Table 9 and 10). 
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Table 9: Exchangeable bases (cmole /kg) in Gullazmach kebele. 

H=high, M=medium, L=low, conc. =concentration. 

*Means with the same letter are not significantly different. 

Table 10: Exchangeable bases (cmole /kg) and their level in Gaffera  kebele. 

H=high, M=medium, L=low, conc.=concentration. 

*Means with the same letter are not significantly different. 

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

backyard land use as compared to the cultivated and the open grazing lands in 

Gullazmach Keble (Table 9). Exchangeable potassium was high as compared to the 

exchangeable potassium category (Marx et al., 1997) in all land use systems. This is 

in agreement to the common belief that Ethiopian soils are rich in potassium. 

However, it was in contrary with Alemayehu (1990) who reported low K 

concentration for Nitisols of the then Wollega state farms, western Ethiopia. On 

the contrary many research results supported the presence of low exchangeable 

potassium, since weathering, intensive cultivation and use of acid forming 

Land use Gullazmach Keble     
 

Cultivated 

   Exchange. Ca Exchange. Mg     Exchange. K Exchange. Na CEC 
Conc. level Conc. level Conc. level Conc. level  
 8.15 B M  2.51 C H 0.92 B H 0.12 B L 14.20AB 

Grazing  7.48 B M 2.58C H 1.27B H 0.25A M 5.09B 

Backyard 8.85 B M 5.23 B H 2.62A H 0.13 AB L 16.68AB 

Forest 20.46A H 15.44A H 1.45B H 0.19 AB L 23.53A 
CV 24.92  13.35  23.39  34.39  26.70 
LSD 5.60  1.72  0.73  0.12  8.53 

  Gaffera Keble  

Land uses Exchange. Ca Exchange. Mg    Exchange. K Exchange. Na CEC 
 Conc. level Conc. level Conc. level Conc. level  
Cultivated 5.56C M 3.35B H 0 .83A H 0.18 A L 3.07B 

Grazing 8.48 B M 3.41B H 1.20A H 0.09 A L 8.48A

Backyard 7.46BC M 2.86 B H 1.02A H 0.12 A L 15.48

Forest 13.80 A H 10.82 H 1.47A H 0.11 A L 17.24

CV 13.35  26.23  31.49  48.16  44.78 

LSD 2.36  2.60  0.74  0.12  9.9 
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inorganic fertilizers on acid soils affect the distribution of K in the soil systems and 

enhance its depletion in cultivated lands (Baker et al., 1997; Saikh et al., 1998).  

 

The exchangeable Ca concentration in the top soil of the natural forest land was 

higher by twelve C mole/Kg (in Gullazmach keble) and five to eight C mole/Kg 

(in Gaffera keble) greater than that of the cultivated and the grazing lands, 

respectively (Table 9 and 10). The distribution of exchangeable Ca was tended to 

increase from the cultivated lands, grazing lands, backyard and forest soils except 

in grazing land use of Gullazmach kebele (Table 9). The results of exchangeable 

calcium were in medium range in cultivated, grazing and backyard land use 

systems where as in the highest range in the natural forest both kebeles. 

 

 There was also a significant (p<0.01) difference on the concentration of 

exchangeable Mg among the different land use systems in Gullazmach keble 

(Table 9). In all the land use systems exchangeable magnesium was in the highest 

range (Table 9 and 10). Although exchangeable magnesium, potassium and 

calcium were high and medium, their availability may be limited due to the 

acidity problems of the area. 

 

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

land use systems could be due to the leaching effect that was aggravated by 

intensive cultivation, crop residues removal and organic matter degradation. 

Moreover, soil erosion, over grazing 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 investigators 

who indicated that continuous cultivation and use of acid forming inorganic 

fertilizers deplete exchangeable Ca and Mg (Saikh et al., 1998b; He et al., 1999; 

Aitken et al., 1999). 

On the contrary there was no significant (p<0.05) difference on exchangeable 

sodium (Na) in all the land use systems considered in this research in Gaffera 

kebele (Table 9); although there was significant difference between cultivated and 
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grazing land of Gullazmach keble. However sodium was in low level in all land 

use types of both kebele except in grazing land of Gullazmach kebel which was in 

medium level (Table 9 and 10).  From (Table 7, 9 and 10) it can be concluded that, 

intensive cultivation and over grazing increases soil acidity and decreases basic 

cations. On the other hand keeping forests or practicing reforestation practices will 

decrease soil acidity and increases exchangeable bases. From field observation 

farmers’ practices in the backyard land use increases vegetation and yield of crops, 

this might be due to decreasing of acidity and increases exchangeable bases. So to 

decrease soil acidity and increase exchangeable base it is advisable to use compost, 

lime application, farmers indigenous knowledge  such as using organic wastes 

and farmyard manure and practicing plantation of forests on the boarder of their 

cultivated as well as grazing lands. 

4.2.2. Soil organic matter, total nitrogen and soil acidity 

There was a highly significant (p< 0.01) difference between TN and OM content of 

natural forest from the other land use systems (table 11).The organic matter 

content at Gullazmach kebele was found to be three to four times than the other 

land use types. However, there was no significant difference among the cultivated, 

grazing and backyard land uses. The same pattern of TN contents was displayed 

by the different land use systems in the same keble. 

In Gaffera kebele, however, the highest Om content of 10.88% was recorded in 

forest land followed by grazing land use (6.6%).These values were significantly( 

p< 0.01)  varied from cultivated and backyard soils. The TN content of forest land 

was found to be 0.52% that was significantly (p< 0.01) differed from all other land 

use types. 

Organic matter content was in lower level in all land uses of both kebeles except in 

forest land which was in medium level (Table 11 and 12). Although total nitrogen 

was in high category in forest land and in medium category in grazing and 

backyard land use, it was in low category in cultivated land use in both kebles 

(Table 11 and 12). Organic matter and total nitrogen content have direct relation to 
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soil acidity. This implies that intensive cultivation, removal of crop residues 

significantly depletes OM and TN that leads soil acidity problems in the study 

area. Periodic tillage operation with insufficient soil management in the cultivated 

land may be responsible for the significant low organic matter and total nitrogen 

content that may aggravate soil acidity. Tillage looses the soil, improves its 

aeration, which hastens microbial break down of soil organic matter through 

respiration, decomposing of organic matter may hasten soil acidity. It also 

increases susceptibility of the soil particles to detachment and removal by water 

during the erosion process (Roose and Barthes, 2001). 

Table 10: OM, TN, available phosphorous and available potassium of Gullazmach  

                    kebele               

L=low, M=medium and H=high, 
* Means with the same letter are not significantly different 
 Table 12: OM, TN, available phosphorous and available potassium of Gaffera  

                    kebele 

L=low, M=medium and H=high, 
* Means with the same letter are not significantly different 

Land use                                        Gullazmach Keble   

Cultivated 

 OM (%) TN (%) Available P ppm) Available K (ppm) 
Con. Level Con. Level Con. level Con. level 
 3.52 B L  0.18 B L 10.65B L 119.57B H 

Grazing  4.70B L   0.33 B M 5.75B L 147.12B H 
Backyard 5.52B L  0.37AB M 28.87A L 482.39A H 
Forest 14.73 A M 0.60  A H 13.94B L 246.10B H 
CV 20.56  33.1  24.85  23.76  
LSD 2.53  0.24  9.64  107.32  

Land use Gaffera Keble   
 

Cultivated 

OM (%) TN (%) Available (ppm) Available K(ppm) 
Con. Level Con. Level  level Con. level 

1.42B L  0.15 B L 6.61B L 161.39A H 

Grazing 6.61AB M  0.30B M 6.27B L 206.87A H 

Backyard 5.13B M 0.27B M 17.12A L 85.60B M 

Forest 10.88 A H  0.52 A H 5.30B L 261.26A H 
CV 27.04  28.95  34.90  31.38  
LSD 2.96  0.20  2.23  97.07  



Status of Soil Acidity and Comparison of Lime Requirement 

53                                         birhanuagumas@yahoo.com 

The high concentration of organic matter and total nitrogen under the natural 

forest land is attributed to accumulation of organic matter (high biomass return) 

due to little soil disturbance (low soil erosion) as compared to the cultivated and 

the grazing land and hence decreases soil acidity. Reduced erosion is expected to 

occur in natural forests because the canopy formed by the trees, shrubs and under-

story vegetation shields the soil from the erosive energy of the falling raindrops 

and thereby protects it from splash erosion and surface or sheet erosion, this will 

again further reduces soil acidity through reduction of leaching effect of basic 

cations.  

 

Water infiltration in the soil is enhanced by both preferential flow along trees roots 

and accumulation of absorbent humus on the soil surface, thereby significantly 

reducing the volume, velocity, and erosive and leaching capacity of surface runoff 

(Jiang et al., 1996). However, land use for free grazing and cultivated land is 

related to soil management practices that have commonly been very destructive to 

the soil and have caused serious erosion.  

 

Therefore, differences in soil erosion control contribute to the significant (p<0.01 

and p<0.05) difference in nutrients in natural forests, backyard, cultivated and free 

grazing land soils. In addition, less biomass return causes the reduction of SOM 

and total nitrogen in cultivated and free grazing lands (Mullar - Harvey et al., 

1985). The most evident impact of grazing on the rangeland ecosystem is removal 

of a major part of above ground biomass by livestock. Therefore the input of 

aboveground litter to the soil decreases. Any reduction in litter inputs may have 

important consequences for soil nutrient conservation and cycling (Shariff et al., 

1994). 

When one compares the results from the optimum value of organic matter for 

most plants (11-20%) (Williams, 2003) only the natural forest was in this range 

(14.73 and 10.88 % for Gulazmach and Gaffera kebles respectively). The other land 

use systems were low (1.1-6.61%) as compared to organic matter content 

requirement of most crops ,which is in the low category of organic matter(0-10%) 
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(Williams, 2003). This decomposition of organic matter aggravates acidification of 

the soil in cultivated land use systems as compared to the natural forest (Table 

11and 12). 

 4.2.3. Available phosphorous, potassium and soil acidity 

There was a significantly (p<0.01 and p<0.05) higher variation between backyard 

and other land use systems in available phosphorus and potassium (Table 11and 

12). There was also a variation on available phosphorous and potassium between 

the two kebeles (Table 11 and 12). Significantly (p<0.01 and p<0.05) highest 

available phosphorous was recorded in backyard land use in both kebeles.  

Available phosphorous was decreased in the order of Backyard (28.87ppm), 

natural forest (13.94ppm), cultivated (10.65ppm), and grazing (5. 75ppm) for 

Gullazmach keble.   

 

There was no significant difference on available phosphorous in the other land 

uses. The higher concentration of these nutrients on backyard may be one, due to 

deposition of organic wastes and farmyard manure on backyard land use. The 

other source is the carry over effects of continuous application of P fertilizer for 

the past years. So, continuous application of chemical fertilizer, organic wastes 

and farmyard manure might increase phosphorous accumulation in backyard 

soils. As Tisdale et al. (1993) report, Phosphorous is known to accumulate in soils 

with repeated addition of phosphorous fertilizer due to its relative immobility in 

the soil. Availability of phosphorous and potassium may be affected due to soil 

acidity problems in cultivated and grazing lands. This result was in agreement 

with the finding of Orzolek (2002) which says at pH of 5.0-5.5 phosphorus and 

potassium is less available to plants and may result in nutrient imbalances in the 

plant.  

 

The natural forest which was low in soil acidity was also relatively low in 

available phosphorous as compared to backyard land use types in both kebeles. 

The grazing land use types where there is no external source of available 

phosphorous was low in available phosphorous in Gullazmach kebele. The low 
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phosphorous observation in grazing and natural forest might be, because of no 

continuous application of chemical and organic fertilizer in these land use 

systems. The other reason for the low available P in the cultivated, grazing and 

forest land use systems could be due to the inherent P deficiency of the soils 

and/or the presence of P in unavailable forms as presented in the table (Table 

11and 12). This result is also in line with the findings of Ransmussen and Douglas 

(1992); Whitebread et al. (1998). This indicates that acidity affects potassium and 

phosphorous availability. Available P was in the low category in all the land use 

types except in backyard land use in Gullazmach keble (Table 11 and 12).  

 

There was a significant (p<0.01) variation of available potassium in backyard 

lands use as compared to other land use systems. High concentration was 

observed in the back yard land use systems of Gullazmach Keble but low 

concentration in the same land use systems of Gaffera keble (Table 11 and 12). 

There was no significant (p<0.05) difference in available potassium in the other 

land use systems. Although available Potassium was in medium category in 

backyard land use types in Gaffera kebele, it was in high category in all the land 

use systems of both kebeles. This indicates that potassium nutrition may not be a 

problem in that specific area. 

4.3. Soil texture and Soil acidity 

Table 1311: Soil texture in different land use systems 

Land use Gullazmch Keble Gaffra Keble 

 Sand% Silt% Clay Class Sand% Silt% Clay Class 
Cultivated 

Backyard 

Grazing 

Forest 

43.45 

41.28 

46.61 

45.95 

32.61 

33.95 

29.95 

33.28 

24.11 

24.77 

23.44 

20.77 

Loam 

Loam 

Loam 

Loam 

44.61 

39.28 

46.61 

46.61 

31.95 

29.28 

31.95 

33.95 

23.44 

31.44 

21.44 

19.44 

Loam 

Clay  

Loam 

Loam 
As it is discussed above soil acidity indicator parameters and plant nutrients were 

affected due to different land use systems, however the soil texture was almost 
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similar in the four different land use systems in the study sites (Table 12). This is 

because texture is an intrinsic soil property and did not affect by intensive 

cultivation. The other reason could be due to the flatness of the area and removal 

of soil particles through sheet and rill erosion may be very low. It may be also due 

to the fact that there is no mixing of the surface and subsurface horizons during 

tillage activities that can contribute to texture variation.  

4.4. Farmers perception on soil acidity problems and their management  

 options 

The farmers included in the interview acknowledged that nutrient depletion was a 

problem in their cultivated land. They also linked the nutrient depletion on 

repeated cultivation for a long period of time without fallowing. They also 

responded that the cultivated land was used for cultivation more than thirty years. 

Asked to mention which crop types did you sow in the cultivated land; they 

responded that niger, teff, barley, Potato and maize. The farmers argued that they 

ploughed 5-7 times per sowing period. According to the farmers response they use 

compost and farm yard manure for their backyard land use. As they said the 

reasons why they did not apply compost and farm yard manure on cultivated 

land use are shortage of labor for compost preparation and constraints of 

farmyard manure.  

 

As the responses’ of the farmers they did not see the effect of lime on their land, 

this could be due to application problems and may be also due to lime response is 

after two or three years. They acknowledged that using compost and farmyard 

manure for the recovery of soil fertility problems. From the discussion with the 

farmers and woreda agricultural experts there was an awareness problem about 

lime application on farmers. The farmers apply lime two days and even during the 

sowing day; this practice will not allow the lime to be mixed with the soil and 

nutrients might not be available to crops.  
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The other problem with liming is the cost of the lime. According to the response of 

the woreda experts one qt lime is sold to farmers with 174.86 birr. Though the lime 

is produced in the country the price of lime is not affordable to farmers. If lime is 

taken as a solution for acidic soils this cost should be reduced so that the farmers 

can buy the lime. The woreda experts said that they did not know the finesse 

extent as well as the magnesium and calcium content of the lime this will again 

has a negative impact upon application of the lime. 

 

 Therefore, repeated trainings about the scientific concept of lime and how to 

apply lime should be given to the woreda experts and development agents. It was 

observed that zonal and regional agricultural experts have strong interest on 

liming program but woreda agricultural experts complain about the top down 

policy. This also has a significant impact on liming program of the woreda. 

4.5. Lime requirement in different land use types 
 
 Table 14: Soil acidity indicator parameters, buffer pH and lime requirement 
 

* Means with the same letter are not significantly different. 

Where: 

ECEC=Exchangeable acidity +exchangeable bases 

BpH: Buffer pH,  

Land use    Gullazmch Keble    Gaffra Keble  

 

 

Cultivated 

ECEC 
(Cmole
/kg) 

Ex. 
cidity 
(Cmole/
Kg) 

LRASM 
(Kg/ha) 

BpH LRSM
P(tone
/ha) 

ECEC(
Cmole
/Kg) 

Ex. 
Acidit
y(Cmo
le/Kg) 

LRASM( 
Kg/ha) 

BpH LRSMP(
tone/ha
) 

14.73B 3.02AB 1802A 5.24B 15.90A 14.07B 4.56  A 3653.9A 5.22B 15.83A 

Grazing 14.78B 3.20A 1997.A 5.38B 14.0A 14.92B 1.54 B 58.0B 5.36B 14.30A 

Backyard 17.39B 0 .56BC -1368.AB 5.82A 9.50B 12.89B 1.20  -394.4B 6.19A 5.73B 

Forest 37.94A 0 .41C -3927.B 5.82A 9.17B 26.25A 0.71  C -2219.2C 5.32B 14.67A 

CV 11.20 7.52  2.99 16.59 15.28 15.81  3.08 16.97 

LSD 4.75 2.57 3399.3 0.33 4.02 5.20 0.64 1259.6 0.34 2.67 
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LRSMP: lime requirement by SMP buffer solution,  

LRASM: lime requirement by acid saturation method 

* Negative values: indicates no lime 

From the study there was a highly significant (p<0.01 and p<0.05) difference on 

lime requirement among the different land use types. The natural forest and 

backyard land use types did not need lime as compared to cultivated and grazing 

land use types by acid saturation method in both kebeles (Table 14). This variation 

might be due to the high pH (KCL) and exchangeable acidity in cultivated and 

grazing lands as compared to the forest and backyard land that indicate 

substantial amount of AL and H ions that need more lime. There was no 

significant (p<0.05) difference between natural forest and backyard land use types 

in lime requirements by the two methods in Gullazmach keble (Table 14).  

The significant variation between forest and backyard land use types on one hand 

and cultivated and grazing land use types in the other hand indicates the impact 

of organic matter content in soil acidity. The  negative values (-3927 kg/ha, -1368 

kg/ha and -2219.2) indicate that there was sufficient amount of Ca and Mg on 

backyard and natural forest land use types in Gullazmach kebele and forest land 

use systems in Gaffera keble, respectively, so there was no need of applying lime 

in these land use systems.  

The result revealed that 1.80 and 3.65 tone of calcium carbonate (Table 14) was 

required in cultivated land use system by acid saturation method for Gullazmach 

keble and Gaffera keble respectively. This was in agreement with various 

researchers (Desta, 1987 and Taye et al., 1996), applying lime with integration of 

farmyard manure and inorganic fertilizer was conducted and 3 tone/ha with 12 

tone FYM and 30.3Kg phosphate was recommended (Taye et al., 1996). The lime 

requirement of Gaffera keble was almost double than Gullazmach keble in 

cultivated land, the reason for this is Gaffrera keble cultivated land had more 

exchangeable acidity which required more lime to decrease these acidity. 
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There was a highly significant (p<0.01 and p<0.05) variation among land use 

systems in the amount of lime by using buffer solution method of lime 

requirement determination. Cultivated and grazing land use systems required 

14.0-15.90 tone/ha of lime to change the soil from 5.13-6.5 by SMP buffer solution 

method. Thus the essential nutrients will be available to plants (Table 14). This is 

because the recommended soil pH range for optimum plant growth, nutrient 

availability and best bacterial activity are 6.5 to 7.2 (Orzolek, 2002).  

The result shows that natural forest and backyard land use systems also require 

lime; this is explained by the reason that the pH of the soil in these land use 

systems is below 6.5. The reason why there was no significantly difference in lime 

need between cultivated and grazing with natural forest in Gaffera keble must be 

further investigated. When we see the lime need of the backyard land use system 

it was surprisingly less than the natural forest lime need in this keble this may be 

due to the farmers use of compost and other organic wastes in their backyard land 

use systems and the forest is at a higher altitude and is sloppy as compare to back 

yard (Table 14). Agricultural experts and development agents should encourage 

farmers’ soil management practices in backyard land use systems.  

 4.6. Comparisons of lime requirement determination methods and farmers 

practice 

From the two methods, SMP method exaggerated the lime value by 14.1-8.50 tone 

in cultivated and grazing land use systems (Table14). Lime requirement by acid 

saturation method was negative in backyard and forest land uses; indicating the 

existing of high reserve of calcium and magnesium, but 5.78-14.67tone/ha of lime 

requirement was determined by SMP method in the same land use types 

especially in Gaffrea keble. This exaggerated value of lime by SMP might be due 

to the accuracy of SMP buffer solution. This exaggerated variation should be 

evaluated in the field by further investigation; it needs evaluation of different lime 

requirement methods in the field by conducting field experiment trail. The lime 

need by SMP method was to increase the pH up to 6.5 while lime need by acid 
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saturation method was only to remove exchangeable acidity in the soil whatever 

the soil pH is and also has modifications that contribute to lessen the lime 

requirement. Generally lime requirement by SMP method considers the soil 

buffering capacity where as lime requirement by acid saturation method do not. 

In Ethiopia there was a practice of lime application in different regions where soil 

acidity problems is prevalent and Amhara region is one of these regions. 

According to woreda agricultural experts although lime is recommended to 

alleviate the soil acidity problems its amount was very little in Fagtalokoma 

woreda.  The amount of lime used in this woreda according to agricultural expert 

was 20kg/ha for pH<5 and 10kg/ha for pH 5-5.5. This amount of lime was much 

below the amount of lime recommended by even acid saturation method (1802-

3653.9Kg/ha).  

According to the woreda experts there was also lime application problems; 

scientifically it is recommended to apply lime two months before sowing of crops 

but the farmers apply even during the sowing day and two days before sowing 

their crops. Due to this, the lime will not incorporate in to the required depth of 

the soil. The other problem stated by agricultural experts about using lime as a 

solution for acid soils is its cost (174.68 birr/quintal). Even though the liming 

material is produced in the country the cost of lime is not affordable for farmers 

.This is because the lime need per hectare is as high as (15.9 ton/ha) in 

Gullazmach keble by SMP method (Table 14).  

If farmers have capacity to apply compost and farmyard manure in all their 

cultivated land it is advisable to use this organic manure method to alleviate 

environmental degradation particularly soil acidity problems. If farmers have no 

capacity to apply farmyard manure and/or compost due to labor and farmyard 

manure constraints and when farmyard manure is used for fuel, lime application 

is the major solution for this degradation problem. Further investigation should be 

carried out as per the cost and integrated usage of lime and organic manure.  
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  4.7. The relationship between soil acidity indicator parameters, plant nutrients 

and lime requirements  

From the correlation result (Table 15 and 16) pH with (H2O and KCl) had a highly 

significant (p<0.01) positive correlation with parameters like, Exchangeable Ca, 

Mg, K and ECEC in Gullazmach kebele whereas significant (p<.05) positive 

correlation in Gaffera kebele. There existed significant correlation between pH 

(H2O) and buffer pH in Gaffera kebele but not in Gullazmach kebele. The positive 

correlation between pH (H2O and KCl) and exchangeable base and ECEC is to 

show as pH increases availability of this plant nutrients increase directly in acid 

soils. There was significant (p<0.01 and 0.05) negative correlation of acid 

saturation percent with ECEC and exchangeable bases in both kebeles. This shows 

that as exchangeable bases increase, exchangeable Al and H will decrease; this in 

turn decreases aluminum toxicity for plants and increase essential plant nutrients 

in acidic environments. Therefore, increasing pH and exchangeable bases by 

applying lime or any other materials will decrease aluminum toxicity effect and 

increase the availability of essential nutrients to plants.  

There was also highly significant (p<0.01) negative correlation between lime 

requirement by acid saturation method and exchangeable bases and ECEC. 

However, exchangeable acidity and acid saturation percent had a highly 

significant (p<0.01) positive correlation with lime requirement by acid saturation 

method in both kebles. The positive correlation between lime requirement and 

exchangeable acidity and acid saturation percent indicate that as exchangeable Al 

and H increases, amount of lime required reclaiming acid soil increases; whereas 

the negative correlation among lime requirement and exchangeable bases and 

ECEC indicates that as exchangeable bases and ECEC increases, the amount of 

lime required reclaiming acidic soils decreases.  
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Table 15: Correlation results for Gullazmach keble 

 

 

 

 

 

*. Correlation is significant at the 0.05 level (2-tailed) 
                                       ** .Correlation is significant at the 0.01 level (2-tailed) 

param
eters  

pH 

(H20) 

pH 

(KCl) 

EX. 

Acidty 

Ca 

Exch 

Mg 

Exch 

K 

EXc
h 

Na 

Exch 

ECEC AS
% 

Lr 

(ASM
) 

Av.
P 

CEC O
M 

TN BpH Lr 

(SMP
) 

AV.
K 

pH(KC .91**                 
EX.aci -.74** -.85**                
CaExc .77** .64* -.58               
MgExc .91** .75** -.60* .91**              
KEXch .08 .23 -.53 .08 .06             
NaExc .12 .18 .16 .05 .06 -.25            
ECEC .81** .67* -.56 .98** .95** .03 .05           
AS% -.72** -.74** .76** -.61* -.68* -.64* -.05 -.58*          
Lr(AS -.82** -.77** .71** -.82** -.88** -.45 -.07 -.82** .93**         
Av.P .28 .20 -.45 .69* .47 .52 -.16 .60* -.48 -.58*        
CEC .53 .38 -.55 .59* .62* .08 -.64* .63* -.26 -.43 .45       
OM .01 .14 -.10 .20 .05 .22 .48 .19 -.05 -.12 .39 -.11      
TN .12 .28 -.28 .31 .14 .28 .43 .30 -.15 -.22 .42 .00 .95     
BpH .48 .64* -.85** .35 .39 .70* -.03 .31 - -.65* .43 .23 .09 .26    
Lr(SM -.75** -.86** .93** -.55 -.66* -.59* .10 -.55 .87** .83** -.39 -.46 - - -.88**   
AV.K .25 .39 -.71* .16 .17 .94** -.28 .11 -.65* -.49 .55 .25 .19 .26 .82** -.73**  
Clay% -.55 -.54 .28 -.49 -.67* .19 -.17 -.58* .30 .46 .14 -.18 .23 .09 -.10 .36 .17 
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Table16: Correlation results for Gaffera kebele 

Paramet
ers 

pH 

(H2O) 

pH 

(KCl) 

EX.ac
id 

CaEx
ch 

MgEx
ch 

KEXc
h 

NaE
xch 

ECEC AS% Lr 

(ASM
) 

Av.P CEC OM TN BpH Lr(S
MP) 

AV.
K 

pH(KCl .96**                 
EX.acid -.93** -.94**                
CaExch .62* .64* -.71**               
MgExch .46 .45 -.57* .91**              
KEXch .62* .65* -.59* .76** .59*             
NaExch -.47 -.34 .33 -.14 -.20 .08            
ECEC .40 .41 -.49 .94** .97** .67* -.10           
AS% -.91** -.93** 1** -.76** -.63* -.61* .34 -.56*          
Lr(ASM -.87** -.87** .96** -.87** -.76** -.69** .30 -.71** .98**         
Av.P .21 .11 -.13 -.31 -.35 -.23 -.02 -.43 -.07 .03        
CEC .55 .46 -.60* .56* .38 .52 -.11 .41 -.58* -.61** .35       
OM .23 .20 -.23 .19 .30 .33 -.36 .24 -.26 -.26 -.25 .08      
TN -.32 . -.34 46 -.26 -.14 -.22 -.21 -.12 .42 .41 -.10 -.25 .43     
BpH .69* .64* -.60* .06 -.03 .23 -.19 -.13 -.53 -.44 .74** .44 -.09 -.32    
Lr(SMP) -.74** -.61* .55 -.15 -.10 -.36 .28 -.02 .51 .45 -.52 -.33 -.11 .21 -.83**   
AV.K .28 .33 -.26 .67* .65* .76** -.04 .73** -.31 -.44 -.72** .16 .35 .08 -.25 .04  
Clay% .17 .04 .01 -.38 -.39 -.19 -.07 -.44 .06 .15 .83** .07 -.17 -.04 .61* -.64* -.62* 

                                      *. Correlation is significant at the 0.05 level (2-tailed). 
                                ** .Correlation is significant at the 0.01 level (2-tailed).  
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The correlation between lime requirement by SMP method vis-à-vis exchangeable 

acidity, acid saturation percent and exchangeable bases was not significantly 

(p<0.05) correlated in Gffera keble. There was positive significant (p<0.05) 

correlation between clay content and buffer pH whereas negative significant 

(p<0.05) correlation between clay content and lime requirement by SMP method in 

Gaffera keble (Table 15); this may be due  to the fact that buffering capacity of this 

specific  soil is mostly depend on clay content of the soil.. From the correlation 

result shown above (Table 14) lime requirement by SMP method (using buffer 

solution) significantly (p<0.05) correlated with exchangeable magnesium and 

potassium but not with exchangeable calcium in Gullazmach keble, which might 

show the necessity of applying magnesium containing lime materials in this keble. 

This should be further investigated in the field. 

A highly negative significant correlation between lime requirement and available 

phosphorous and potassium shows, as availability of these nutrients to plants 

increases lime requirement decreases, which is in agreement with Bolan et 

al.(1988); Barber and Barber (1990). Buffer pH negatively and significantly (p<0.01) 

correlated with exchangeable acidity and acid saturation percent in Gullazmach 

Keble (Table 14). As buffer pH increases exchangeable acidity and acid saturation 

percent decreases. There is also a negative significant (0.05) correlation between 

buffer pH and exchangeable acidity in Gaffera keble. 

The reason for the correlation between lime requirement by using SMP buffer 

solution and acid saturation percent in Gullazmach kebele (Table 14) but not in 

Gaffera kebele (Table 15) may be the soil buffering capacity of this specific soil 

may depend mainly on organic matter of the soil rather than its clay content of the 

soil. Similarly, the reason for the correlation of clay content visa a visa buffer pH 

and lime requirement by SMP method in Gaffere keble but not in Gullazmach 

kebele may be the soil buffering capacity of Gaffera keble soil may depend mainly 

on clay content of the soil, this is in contradictory to the findings of (Aitken et al, 

.1990). However, it needs further investigation on this specific soil property. 
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 5. Conclusion and Recommendation 

5.1 Conclusion 

This study assessed soil acidity status in different land use systems. The results 

revealed that soils in all of the land use systems were generally acidic (pH<7) in 

the study area. Nearly all of the soil acidity indicator parameters under the 

cultivated and grazing lands were very poor as compared to the other land use 

systems. This might be due to continuous intensive cultivation, over grazing, 

removal of crop residues and cow dung for fuel without appropriate soil 

management.  

Cultivated and grazing lands were also poor in macronutrients. This indicates that 

available nutrients might be depleted due to soil erosion, harvest of crops and 

crop residues and leaching which can be aggravated by repeated tillage without 

fallow and over grazing. On the other hand the high acidity in the cultivated and 

grazing land might affect the availability of these nutrients. Therefore, reducing 

intensive cultivation, integrated use of inorganic and organic fertilizers and lime 

application could replenish the degraded soil quality for sustainable agricultural 

production and productivity in the study area. 

 From the lime requirement result it can be concluded that the cultivated and 

grazing lands need more lime than natural forest and backyard lands. To alleviate 

the soil acidity problems in this area, lime application should be practiced 

aggressively in cultivated land use system so that essential nutrients will be 

available to plants and the soil become productive. Although lime is produced in 

the country the cost of lime is very high in the current market. So, government 

should either subsidize the lime or encourage more investors to produce lime in 

order to decrease the lime cost. This is because, lime can replenish the depleted 

nutrients and cultivated lands become productive. The soil management practice 

of the farmers in backyard land use systems should be encouraged and expanded 
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in the cultivated land use systems as well. Over grazing also causes chemical 

degradation of lands, therefore controlled grazing or cut and carry system should 

be practiced to alleviate soil acidity problems in such land use systems.  

5.2. Recommendation  

• This research is a pioneer to this area on the impact of land use types on soil 

acidity problems, therefore future studies should focus on evaluation of soil 

quality indicators particularly on soil acidity indicator properties of the soil. 

• The farmers’ practice like applying farmyard manure, compost and other organic 

wastes in backyard which can add organic matter to the soil should be appreciated 

and encouraged in this area. 

• The farmers’ practice like application of farmyard manure, compos, cow dung and 

other organic wastes in backyard land should be mobilized to cultivated land as 

well. 

• Protection of natural forests and planting degraded lands with species that do not 

exudates acid chemicals should be encouraged. 

• Lime requirement determination was done on the laboratory and using formulas, 

hence these results should be evaluated in green house and the field by 

conducting experiments. 

• The soil buffer curve and lime requirement determination formulas should be 

developed for different agro ecology and soil types in our country. This is because 

lime requirement depends on the buffering capacity of the soil and buffering 

capacity also depends on different soil properties, soil properties depend on clay 

content of the soil, climate and ecological variation.  

• To reduce the amount of lime needed further field trails should be conducted by 

integrating lime with compost, farmyard manure and in organic fertilizer. 
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Appendices 

 
Appendix 1:  Interview questions and Responses for Woreda Experts 
 

1. What kind of liming materials did you use in your woreda? 

Answer Cao 

2. Do you know the fines extent of liming material? 

Answer No 

3. How many tones of lime did you apply to one ha of land? 

Answer for <5 pH 20qt/ha, for pH of 5-5.5 10qt/ha 

4. How many times did you stay for sowing crops after lime application on your 
field? 

Answer theoretical it is recommended to apply two months before sowing but 
farmers apply even 2 days before sowing and sometimes even during sowing day. 

5. How many times did you plough before and after lime application? 

There is no data about this question 

6. Did you know the moisture content of liming material? 

Answer No 

7. For what crop type did you apply lime / 

Answer for all crop times except fruits and vegetables, a good response is seen in 
barley, wheat and tef 

8. What is the cost of liming material per quintal? 

Answer 174.86 birr 

9. Did you know the chemical purity extent of the liming material? 

Answer No 
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10. Did you know the magnesium and /calcium content of the liming material? 

Answer No 

11. Did you know to what depth the farmers plough their farm field? 

Answer 15-20cm (plough depth) 

Appendix 2:  Interview questions and Responses for Farmers 

       Interview questions 

For which crop type this farm is used? 

Which type of crop did you sow last year? 

Which type of crop did you sow before last year? 

How many times did you cultivate this land? 

How many times did you plough before you sow a crop? 

After which crop did you sow barley? 

What kind of fertility material did you use on your farm? 

Did you keep your cattle on your back yard? 

Did you apply chemical fertilizer on your farm? 

Did you apply lime on your farm land? 

For how many times this land is used for grazing land? 

Did you keep your cattle on your community grazing land? 

Responses for interviews in Gullazmach Keble 

Niger, Teff, Barley. 

Teff 

5-7 on average 

Niger, Teff, Barley. 

Potato,  teff 
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For teff we use fertilizer, no for others. 

No 

For teff we use fertilizer, no for others. 

No lime application. 

This land is used for grazing more than 14 years. 

         Responses for interviews in Gaffera kebele 

potato, Teff, Barley, maize 

It was fallow land  

potato, Teff, Barley, maize 

5-7 times 

After Maize and potato mixed cropping then they sow barley. 

 they use compost ,and keep cattle on the farm at night 

Yes  

yes 

No 

More than 18 years. 

Appendix 3: Gullazmach kebele information table 

Land use types   Rep. Elevations(m) Slop (%) Location(UTM) 
 1 2430 1 0267812 E, 1228354N 
 Forest 2 - - - 
 3 - - - 
 1 2399  6 0267970 E, 0268020E 
Grazing  2 2397 10 1228371N, 1228332N 

 3 - - - 
 1 2404 1 267611E,1228410N 
Back yard 2    
 3    
 1 2405 m 1 267920 E,    1228229N 
Cultivated 2 - - - 
 3 - - - 
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Appendix 4: Gafera kebele information table 

Land use 

t  

Rep. Elevations(m) Slop (%) Location(UTM) 

 1 2494m 14 271499,1223396 
Natural 2 2500m 10 271452,1223302 
 3 2490m 12 - 
 1 2517m 6.5 271329,1223454 
Grazing land 2 2509m 5 271303,1223459 
 3 2512m 7 271259,1223473 
 1 2477m,  5 271868,1223559 
Back yard 2 2480m 5 - 
 3 2479m 4.5 - 
 1 2485m 10 271478,1223667 

Cultivated 2 2490m 8 - 

 

Appendix 5: Monthly total rainfall from1997-2005 in injibar station, Gojjam region. 

 

Source: National meteorological agency, 2008 

 

 
 
 
 

Year Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec 

1997 7.2 3.9 21.2 47.6 317.6 376.8 507.1 515.0 367.4 333.7 272.7 37.2 

1998 13.3 0.0 10.3 30.6 262.5 439.1 400.8 487.0 359.7 249.3 46.0 4.9 
1999 17.4 0.0 0.0 69.3 295.3 520.0 388.4 497.0 442.0 347.3 92.0 14.5 
2000 0.0 0.0 6.5 130.8 266.2 294.2 425.4 536.3 484.9 400.8 62.8 48.4 

2001 0.0 20.0 24.2 68.2 191.0 327.6 418.0 511.5 529.0 137.7 43.5 20.8 

2002 21.8 0.0 24.7 29.3 93.3 372.9 576.2 500.2 336.6 159.0 39.9 2.5 

2003 ---- 18.1 61.8 14.9 75.0 375.3 570.0 397.3 422.1 85.4 81.4 4.3 

2004 18.8 9.1 21.6 103.4 55.4 320.2 626.2 388.0 411.4 133.3 71.3 44.1 

2005 1.2 6.6 51.0 74.3 76.8 385.2 490.0 509.9 459.0 116.8 39.3 0.0 
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Appendix 6: Amount of Plant nutrients in different categories 

Categories Ex.Ca( 
Cmole/kg) 

Ex.Mg( 
Cmole
/kg) 

Ex.K 
(Cmole
/kg) 

Avail P 
(ppm) 

Avail.K 
(ppm) 

N (%) OM (%) 

Low 5  0.5  0.4 <24 0-50 0.1-0.2 0-10 
Medium 5-10  0.5-1.5 0.4-0.6 200 51-100 0.2-0.5 10-20 
High >10  >1.5 0.6-2 400 > 100 0.5-1 >20 
Remark A A A B B C D 

Source: Marx et al., 1997(A), Benton, (2001) (B), Dervine et al., 1973; Lodon, 
1984(C)  and  Williams, (2003) (D) 

 
Appendix 7:  Conversion factors for liming materials                                             
                                          Ca x 2.50 = CaCO3 

                                           Mg x 4.17 = CaCO3 

                                          CaO x 1.79 = CaCO3 

                                     MgO x 2.50 = CaCO3 

                                    MgCO3 x 1.19 = CaCO3 

                                     Ca (OH) 2 x 1.36 = CaCO3 

            Source: Beegle and Lingenfelter (1995)  
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Appendix 8: Relationship between soil SMP buffer pH and lime requirement (LR)      

value to achieve pH 5.5, 6.0, 6.5 and 7.0 of mineral soils.  

Soil buffer pH                                            LR in tone 
 pH 5.5 pH 6.0 pH 6.5 pH 7.0 
6.9 
6.8 
6.7 
6.6 
6.5 
6.4 
6.3 
6.2 
6.1 
6.0 
5.9 
5.8 
5.7 
5.6 
5.5 
5.4 
5.3 
5.2 
5.1 
5.0 
4.9 

0.5 
0.6 
0.7 
0.9 
1.2 
1.6 
2.0 
2.5 
3.1 
3.8 
4.5 
5.3 
6.1 
7.0 
8.0 
9.1 
10.2 
11.4 
12.7 
14.0 
15.5 

0.6 
1.0 
1.4 
1.8 
2.3 
2.9 
3.5 
4.2 
4.9 
5.6 
6.5 
7.3 
8.2 
9.2 
10.2 
11.3 
12.4 
13.6 
14.8 
16.1 
17.4 

0.7 
1.2 
1.8 
2.5 
3.3 
4.0 
4.9 
5.7 
6.6 
7.5 
8.5 
9.5 
10.5 
11.6 
12.7 
14.0 
15.0 
16.2 
17.5 
18.8 
20.1 

0.9 
1.5 
2.2 
2.8 
3.6 
4.4 
5.2 
6.0 
7.0 
8.0 
9.0 
10.0 
11.2 
12.4 
13.6 
14.9 
16.2 
17.6 
19.0 
20.4 
22.0 

Source : Van Reeuwijk, 1992.    

Appendixes 9: SAS Analysis Result of Gullazmach kebele.                  
                        The GLM Procedure                                                                                                 

                                               Dependent Variable: OM   OM                                                                                                

                             Sum of                                                

 Source   DF   Squares   Mean Square   F Value    Pr > F  R-Square     Coeff Var  Root MSE  OM Mean                             

Model     5   238.1451083  47.6290217  22.25     0.0008         0.948817      20.55841      1.463245    7.117500                             

Error         6          12.8465167       2.1410861                                                                                                       

    Corrected Total    11         250.9916250.    
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Dependent Variable: TN (Total nitrogen)                                                          

                              Sum of                                                

 Source  DF    Squares   Mean Square   F Value    Pr > F  R-Square     Coeff Var   Root MSE  TN Mean                             

Model      5    0.29775833   0.05955167       3.99    0.0610         0.768822      33.08981    0.122157   0.369167                             

Error          6          0.08953333        0.01492222                                                                                                    

   Corrected Total       11         0.38729167   

Dependent Variable: Available phosphorous (avp).                                                                                                

                              Sum of                                               

  Source    DF   Squares Mean Square  F Value    Pr > F  R-Square   Coeff Var   Root MSE  avp Mean                             

Model     5     883.1559549     176.6311910      12.22    0.0155     0.938566  24.84559    3.801554    15.30072                             

Error          4       57.8072410        14.4518103                                                                                       

   Corrected Total       9       940.9631959    

                                 Dependent Variable: Available potassium (AvK)                                                                                      

                             Sum of                                                

   Source    DF  Squares   Mean Square  F Value    Pr > F  R-Square  Coeff Var Root MSE   AvK Mean                             

Model        5   240610.3462  48122.0692  12.51    0.0040        0.912460      23.76221   62.02670      261.0308                             

Error          6        23083.8681         3847.3113                                                                                                 

   Corrected Total     11       263694.2143                                                                                        

                                     Dependent Variable: Exchangeable calcium (ca)                                                                                   

                              Sum of                                                

 Source    DF    Squares  Mean Square    F Value    Pr > F    R-Square    Coeff Var Root MSE   ca Mean                             

Model     5     349.9234500   69.9846900   8.92    0.0095         0.881464      24.92282      2.800494   11.23667                             

Error          6             47.0566167       7.8427694                                                                                                 

    Corrected Total     11             396.9800667    
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 Dependent Variable: Exchangeable magnesium (mg)                                                                                             

                             Sum of                                                

 Source    DF    Squares  Mean Square    F Value    Pr > F   R-Square   Coeff Var  Root MSE mg Mean                             

Model       5    343.5726500   68.7145300    93.04    <.0001  0.987266     13.34803      0.859391      6.438333                             

Error        6          4.4313167          0.7385528                                                                                                 

 Corrected Tota   11         348.0039667                     

 Dependent Variable: Exchangeable potassium (k)                                                                                             

                          Sum of                                                

Source    DF  Squares    Mean Square    F Value    Pr > F  R-Square  Coeff Var    Root MSE      k Mean                             

Model      5   5.22512914      1.04502583   7.82    0.0132      0.866891      23.39163      0.365674      1.563267                             

Error        6         0.80230345      0.13371724                                                                                                  

    Corrected Total   11        6.02743258                                 

                                          Dependent Variable: Exchangeable sodium (na)                                                                              

                              Sum of                                                

  Source    DF    Squares  Mean Square  F Value    Pr > F  R-Square   Coeff Var  Root MSE     na Mean                             

Model       5     0.03489889    0.00697978   2.03    0.2073     0.628247      34.39260      0.058667      0.170580                             

Error        6         0.02065076      0.00344179                                                                                                    

    Corrected Total     11         0.05554965  

                                 Dependent Variable: Cation exchange capacity (cec)                                    

                              Sum of                                                

Source     DF    Squares   Mean Square    F Value    Pr > F   R-Square  Coeff Var Root MSE   cec Mean                             

Model      5   569.5304750     113.9060950  6.25    0.0226   0.838995   26.69576      4.267984      15.98750                             

Error           6         109.2941500     18.2156917                                                                                                  

     Corrected Total    11        678.8246250                                                                                                
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 Dependent Variable: Exchangeable acidity (acid)                                                                                             

                              Sum of                                                

 Source    DF    Squares  Mean Square   F Value  Pr > F   R-Square   Coeff Var  Root MSE   acid mean                             

Model      5     26.42856403    5.28571281    3.19    0.0949      0.726955      71.52344      1.286247   1.798358                             

Error         6           9.92659484      1.65443247                                                                                                         

  Corrected Total    11        36.35515887                                    

   Dependent Variable: Acid saturation percent (perc)                                                                                            

                              Sum of                                                

 Source    DF     Squares    Mean Square    F Value    Pr > F  R-Square  Coeff Var  Root MS perc Mean                             

Model       5    1844.847875      368.969575    10.34    0.0065     0.896022   43.41830   5.973317      13.75760                             

Error         6          214.083106       35.680518                                                                                              

 Corrected Total     11        2058.930981     

                     Dependent Variable: Effective cation exchange capacity (ecec).                                                                          

                       Sum of                                                

Source  DF   Squares   Mean Square    F Value   Pr > F    R-Square  Coeff Var   Root MSE   ecec Mean                             

Model      5   1154.831632    230.966326    40.91    0.0001      0.971505      11.20372      2.375996   21.20720                             

Error            6        33.872139        5.645356                                                                                                

   Corrected Total    11       1188.703770                                                                             

                                Dependent Variable: Lime requirement by acid saturation method (lr)                                                 

                         Sum of                                                

 Source   DF   Squares   Mean Square   F Value    Pr > F    R-Square    Coeff Var   Root MSE    lr Mean                             

Model        5    52784794.61   10556958.92    3.65    0.0733     0.752410     -188.2276   1701.444   -903.9291                             

Error           6         17369475.89      2894912.65                                                                                               

      Corrected Total    11         70154270.50                                                                                               
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 Dependent Variable: pH of water (pw)                                                                                                

                             Sum of                                                

 Source     DF   Squares  Mean Square    F Value    Pr > F   R-Square  Coeff Var  Root MSE   pw Mean                             

Model       5   1.43766667   0.28753333      32.92    0.0003    0.964834     1.670780      0.093452      5.593333                             

Error        6         0.05240000      0.00873333                                                                                                       

     Corrected Total     11        1.49006667                           

  Dependent Variable: Buffer pH (BpH)                                                                                             

                         Sum of                                                

 Source     DF Squares  Mean Square   F Value    Pr > F   R-Square   Coeff Var   Root MSE  BpH mean                             

Model        5    0.91820833    0.18364167     6.63    0.0196    0.846828     2.990111      0.166375      5.564167                             

Error            6        0.16608333      0.02768056                                                                                                  

    Corrected Total     11        1.08429167 

                               Dependent Variable: lime requirement by Buffer solution (LRSMP)                                                       

                      Sum of                                                

Source   DF  Squares  Mean Square   F Value  Pr > F   R-Square   Coeff Var  Root MSE LRSMP mean                             

Model   5  111.3041667  22.2608333       5.49      0.0306      0.820530      16.59017      2.014324      12.14167                             

Error        6        24.3450000       4.0575000                                                                                                     

    Corrected Total    11        135.6491667                     

Appendix 10: SAS analysis result of Gaffera Keble    
                                                                                          
                        Dependent Variable: Organic matter (OM)                                                                                             

                           Sum of                                              

Source   DF   Squares  Mean Square    F Value    Pr > F   R-Square    Coeff Var   Root MSE  OM Mean        

Model      5  166.4192667   33.2838533   11.36    0.0051       0.904460     27.04079     1.711682       6.330000         

Error        6             17.5791333   2.9298556                               

  Corrected Total   11               183.9984000  
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 Dependent Variable: total nitrogen (TN)                                                                                           

                           Sum of                                             

 Source   DF    Squares   Mean Square   F Value   Pr > F    R-Square   Coeff Var    Root MSE TN Mean                             

Model      5      0.23771806     0.04754361    5.90       0.0369    0.855101   28.95400       0.089757   0.310000           

Error               5      0.04028194      0.00805639                                

  Corrected Total   10     0.27800000                                                                                    

                        Dependent Variable: available phosphorous (avp)                                                                                      

                           Sum of                                                

 Source   DF   Squares  Mean Square    F Value    Pr > F  R-Square     Coeff Var  Root MSE  avp Mean                             

Model    5    314.3047288    62.8609458    37.72    0.0002    0.969169      15.41161      1.290914      8.376245                             

Error            6         9.9987557        1.6664593                                                                                                

      Corrected Total    11         324.3034845    

Dependent Variable: Available Potassium (AvK)                                                                                                       

                            Sum of                                               

 Source    DF   Squares  Mean Square  F Value    Pr > F  R-Square Coeff Var    Root MSE   AvK Mean                             

Model        5   57374.88465  11474.97693   3.65    0.0733       0.752351      31.38181      56.10388   178.7783                             

Error           6            18885.87452       3147.64575                                                                                              

      Corrected Total   11         76260.75917  

                                         Dependent Variable: Exchangeable calcium (ca)                                                                               

                            Sum of                                                

  Source    DF   Squares   Mean Square    F Value    Pr > F   R-Square Coeff Var  Root MSE   ca Mean                             

Model      5   113.0999417   22.6199883   16.21    0.0020     0.931069      13.35217   1.181333        8.847500                             

Error          6       8.3732833       1.3955472                                                                                               

        Corrected Total   11     121.4732250                                                 
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 Dependent Variable: Exchangeable magnesium (mg)                                                                                        

                          Sum of                                                

 Source   DF   Squares   Mean Square    F Value    Pr > F R-Square  Coeff Var    Root MSE    mg Mean                             

Model       5   110.5166083  22.1033217     13.14    0.0035     0.916339      26.22881      1.296796    4.944167                             

Error         6         10.0900833       1.6816806                                                                                                   

         Corrected Total   11         120.6066917     

 Dependent Variable: Exchangeable potassium (k)                                                                            

                              Sum of                                               

    Source    DF    Squares   Mean Square    F Value    Pr > F R-Square  Coeff Var   Root MSE   k Mean                             

Model        5    0.97824417    0.19564883   1.43    0.3339      0.544265      31.49108      0.369487     1.173306                             

Error         6         0.81912211      0.13652035                                                                                

         Corrected Total   11         1.79736629    

                                       Dependent Variable: Exchangeable sodium (na)                                                                                 

                               Sum of                                               

   Source    DF   Squares Mean Square    F Value    Pr > F   R-Square     Coeff Var  Root MSE na Mean                             

Model       5    0.03575558  0.00715112    1.94    0.2212      0.618083      48.16146      0.060682      0.125996                             

Error          6         0.02209361      0.00368227                                                                                                   

       Corrected Total    11         0.05784919  

                                        Dependent Variable: Cation exchange capacity (cec)                                                                         

                             Sum of                                              

 Source    DF   Squares  Mean Square    F Value    Pr > F   R-Square   Coeff Var  Root MSE  cec Mean                             

Model     5     493.5370417  98.7074083    4.02    0.0601      0.770069      44.77836      4.955845      11.06750                             

Error       6         147.3623833      24.5603972                                                                                               

   Corrected Total   11     640.8994250    
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 Dependent Variable: exchangeable acidity (acid)                                                                                    

                                 Sum of                                                

 Source    DF   Squares   Mean Square    F Value    Pr > F  R-Square   Coeff Var  Root MSE acid Mean                             

Model      5     27.29593121  5.45918624      53.56    <.0001   0.978088      15.81538      0.319246   2.018581                              

 Error        6        0.61150947       0.10191825                           

         Corrected Total 11        27.90744069                                                                                           

                         Dependent Variable: acid saturation percent (perc)                                                                                          

                        Sum of                                                

Source  DF   Squares Mean Square    F Value    Pr > F    R-Square     Coeff Var  Root MSE  perc Mean                             

Model   5   1546.663359  309.332672     38.92    0.0002    0.970093      21.28679      2.819066      13.24326                             

Error         6       47.682788        7.947131                                                                                                 

         Corrected Total     11     1594.346148        

                  Dependent Variable: Effective cation exchange capacity (ecec)                                                                              

                            Sum of                                                

   Source  DF   Squares  Mean Square  F Value    Pr > F    R-Square   Coeff Var  Root MSE  ecec Mean                             

Model      5    354.7549630   70.9509926      10.48    0.0063    0.897290      15.27544      2.601527   17.03079                             

Error         6         40.6076634        6.7679439                                                                                           

        Corrected Total   11         395.3626265  

Dependent Variable: Lime requirement by Acid saturation method (lr)                                                                                

                          Sum of                                                

 Source  DF   Squares   Mean Square    F Value    Pr > F   R-Square  Coeff Var   Root MSE       lr Mean                             

Model    5   54788664.07     10957732.81      27.57    0.0005     0.958286      229.6037    630.4664   274.5889                             

Error                  6         2384927.14        397487.86                                                                                               

         Corrected Total   11         57173591.22                                          
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   Dependent Variable: PH of water (pw)                                                                                           

                      Sum of                                                

  Source DF Squares   Mean Square    F Value    Pr > F    R-Square  Coeff Var    Root MSE    pw Mean                             

Model     5   0.76070833  0.15214167      7.50    0.0146           0.862001      2.565071      0.142468   5.554167                             

Error         6         0.12178333      0.02029722                                                                                               

         Corrected Total   11         0.88249167  

Dependent Variable: pH of KCl (pk)                                                               

                         Sum of                                                

 Source   DF  Squares   Mean Square  F Value  Pr > F   R-Square  Coeff Var  Root MSE     pk Mean                             

Model    5   1.38384167   0.27676833     15.91    0.0021    0.929861      3.009664      0.131899      4.382500                             

Error          6         0.10438333      0.01739722                                                                                                  

         Corrected Total   11         1.48822500   

Dependent Variable: Buffer pH Keble two (BpH)                                                                                         

                         Sum of                                                

 Source  DF   Squares  Mean Square    F Value    Pr > F  R-Square  Coeff Var  Root MSE    BpH Mean                             

Model    5   1.88387500   0.37677500     12.96    0.0036     0.915261     3.088259      0.170498      5.520833                             

Error          6         0.17441667      0.02906944                                                                                                 

         Corrected Total   11         2.05829167                                                                                           

                         Dependent Variable: Lime requirement by buffer solution (LRSMP)                                                            

                                 Sum of                                                

  Source DF Squares Mean Square F Value Pr > F    R-Square Coeff Var    Root MSE   LRSMP Mean                             

Model    5   201.9933333  40.3986667      10.41    0.0064     0.896606      15.59632      1.970336      12.63333                             

Error          6      23.2933333       3.8822222                                                                            

   Corrected Total    11     225.2866667                                                                                           
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