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Effects of Conservation Practice and Crop Rotation on Selected Soil Physico-Chemical Properties:         

The Case of Dembecha District, West Gojjam Zone of Amhara National Regional State, Ethiopia                                          

                                  By:- Melkamu Degu (BSc), Debre Berhan University, Ethiopia 

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

                                 Wondwosen Tena (PhD), Debre Berhan University, Ethiopia 

                                                         ABSTRACT 

Land degradation in the form of soil erosion is a serious global problem. To sustain land productivity, besides 

the commonly adopted crop rotation practices, level soil bunds have been implemented. However, their 

effectiveness has not been reflected yet in the study area. The objective of this study was to investigate the 

three year cumulative effect of crop rotation and conservation practice on selected soil physico-chemical 

properties in Northwestern part of Ethiopia. Soil samples (0-20 cm depth) were collected from seven crop 

rotation practices with conservation practice and adjacent fields without any conservation measure in three 

replications.  A total of forty two composite samples were used for analysis by using SAS software. The soil 

parameters bulk density, texture, soil organic matter, total nitrogen, pH, exchangeable acidity, exchangeable 

bases, cation exchange capacity, available phosphorus, available potassium and C:N ratio were analyzed. The 

land rotated with maize-wheat-faba bean exhibited significantly higher mean bulk density (1.06g/cm
3
) than the 

other crop rotation (i.e ranged from 1.02-1.04g/cm
3
).  All the values of bulk density were below the critical 

values for agricultural use (1.4 g/cm). The analysis of variance revealed there was significant (p<0.05) effects 

of crop rotation and conservation practice in all studied soil properties. Mean values of pH (5.34, 4.98 and 5.4), 

Ex. acidity (2.03, 2.53 and 2.16cmolc/kg  ), Soil OM (4.53%, 5.12% and 5.02%), CEC (45.17, 48.03 and 

49.47cmolc/kg ), TN (0.23, 0.25 and 0.27%), Av.P (10.21, 7.23 and7.95ppm) and C:N ratio (11.18, 11.95 and 

10.8) were recorded under rotations with continuous maize, maize-pepper-pepper and maize-faba bean-pepper 

respectively. Mean values of pH (5.34 and 4.97), Av.P (9.51 and 6.53ppm), CEC (48.3 and 46.87cmolc/kg) and 

Ex. acidity (2.5 and 2.85cmolc/kg) were also recorded under conserved and un-conserved farmlands 

respectively. Considering the interaction effect of crop rotations by conservation practice, all studied 

parameters except bulk density, CEC and C: N ratio, were significantly (p<0.05) affected. High value of pH 

(5.6) was recorded under maize-maize-maize and maize-wheat-faba bean rotations plus conservation practice. 

Maize-wheat-maize, maize-maize-maize and maize-wheat-pepper plus conservation practice showed low value 

of exchangeable acidity 1.71, 1.81 and 1.81cmolc/kg respectively. The findings indicate more diverse crop 

rotations, growing of grain legume and constructions of soil bund were the best option to improve most soil 

properties. A critical study on such type of issue should be carried out over a longer period of time in order to 

announce detail understanding about cropping system to the community.          

 

Key words:  Conservation practice, Crop rotation, Farmland, Soil bund, Soil erosion.  
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1. INTRODUCTION 

 

Ethiopia is one of the well-endowed countries in Sub-Saharan Africa in terms of natural 

resources (Gete et al., 2006). However, natural resource degradation in Ethiopia has been going 

on for centuries (Hurni et al., 2010). Loss of land resource productivity is an important problem 

in Ethiopia and that with continued population growth; the problem is likely to be even more 

important in the future (Berry, 2003). The major causes of land degradation in Ethiopia are rapid 

population growth, severe soil loss, deforestation, low vegetative cover and unbalanced crop and 

livestock production (Girma, 2001). Topography, soil types and agro- ecological parameters are 

also additional factors playing significant role in the degradation processes influenced by man 

(Paulos, 2001). 

 

In most developing countries, the economy is primarily based on agricultural production (IFPRI, 

2010). Agricultural activities change the soil chemical, physical, and biological properties, and 

play the major role for soil degradation mainly due to soil fertility decline as a result of lack of 

sustainable nutrient inputs (Lal, 2006). Thus, sustainable management of the agricultural 

resources such as soil provides the long-term benefits required for environmental health 

(Ashenafi et al., 2010) as well as for economic growth.  

 

Soil erosion results loss of topsoil. Consequently, crop roots are exposed to soils having lower 

organic matter, phosphorous and nitrogen and other essential nutrients (Louis, 2011). Soil 

erosion in Ethiopia can be seen as a direct result of past agricultural and other related practices in 

the highlands. Ethiopia is reported to have the highest rates of soil nutrient depletion through soil 

erosion in Sub-Saharan Africa. The rate of soil erosion losses 130 tons ha
−1

 yr
-1 

for cultivated 

fields and 35 tons ha
−1

 yr
-1 

average for all land in the highland areas was estimated to be even 

one of the highest in Africa (Elias, 2016).  

 

The annual macronutrients deficit in the country, −122 kg N ha
−1

  yr
-1

, −13 kg P ha
−1

 yr
-1 

and −82 

kg K ha
−1

 yr
-1

, was estimated to be high (Haileslassie et al., 2005); with 2 to 3% of productivity 

decline per year (Abebe and Endalkachew, 2012). The sorting action of erosion removes large 

proportions of the clay and humus from soil, leaving behind the less productive coarse sand, 

gravel, and in some case even stones, impairing the quality of the remaining topsoil (Ludi, 2004). 

The removal of this organic matter affects biological activity and associate soil properties 
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including texture, structure, nutrient availability and makes soil more susceptible to further 

erosion as its aggregates becomes less stable. The field level nutrient balances on Nitisols 

reported from southern Ethiopia (−102, −45 and −67 kg of N, P and K ha
−1

) are even more 

threatening (Elias, 2002). For this reason, interest in evaluating the quality of soil resources and 

its fertility recovery has been inspired in Ethiopia (Wakene and Heluf, 2003).  

 

Consequently soil erosion is a severe problem in the highlands of Ethiopia, especially in the 

Amhara Region (Lakew et al., 2006). Sheet, rill and gully erosion are commonly observed in the 

high rainfall areas of East and West Gojam Zone where Nitosols are dominant (Birru, 2003). 

These types of erosion carry away the fine soil particles of the most fertile topsoil and organic 

matter (Gete, 2000) 

 

Soil fertility often changes in response to land use, cropping patterns and land management 

practices (Rahman and Ranamukhaarachchi, 2003). Soil conservation in Ethiopia is considered 

to be top priority, not only to maintain and improve agricultural production but also to achieve 

food self- sufficiency, which is the long-term objective of the agricultural development program 

(Martin, 1988). In Ethiopia even though a number of soil and water conservation methods were 

introduced to combat land degradation, adoption of these practices remains below expectations 

(Fikru, 2009).  

 

Human activity, such as conversion of forests to agricultural land, increased mono-cropping, 

cultivation of marginal land, overgrazing and low-input methods of subsistence agriculture 

practiced on marginal lands will accelerate soil erosion and disturbs soil physico-chemical 

properties (McConchie and Huan-Cheng, 2002). Therefore, a great deal of attention has been 

paid to soil management practices that promote sustainable soil quality and productivity 

(Magdoff and van Es, 2000). Soil and water conservation practices greatly affect soil physico-

chemical conditions like organic matter content, structure, water holding capacity, bulk density, 

porosity, pH, cation exchange capacity, electrical conductivity, nutrient content and its 

workability. Soil has to be protected from natural and artificially induced erosion hazard using 

all methods of land use management. It also involves protection from damage by any changes to 

its chemistry (Acton and   Richard, 2002; cited in Tekalign, 2011).  

 

Crop rotation is the practice of cultivating different sequence of crops on the same plot of land. It 

can have a major impact on soil health, due to emerging soil ecological interactions and 
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processes that occur with time.  It is a beneficial approach to reduce soil erosion, balance, 

manage and improve the fertility of the soil, improve soil structure, avoid excessive depletion of 

soil nutrients, as well as control weeds, pest and diseases (Jackson et al., 2009). Simply it is one 

management of agricultural land without impairing the soil nutrients balance. It can also increase 

yields, and enhance nitrogen availability when nitrogen-fixing legumes are included (Galantini et 

al., 2000; Miglierina et al., 2000). Crop rotation systems are more effective at reducing long term 

yield variability than monoculture systems, and can increase total soil carbon and nitrogen 

concentrations over time, which may further improve soil productivity (Kelley et al., 2003). The 

extent that soil is affected by crop rotation depends on diversity of crop species grown in the 

rotation and the length of the rotation. 

 

Physical soil and water conservation structures are designed to intercept and reduce runoff 

velocity, pond and store runoff water, convey runoff at non-erosive power, trap sediment and 

nutrients, promote  formation of natural terraces over time, prevent flooding of neighboring 

lands, reduce sedimentation of waterways, streams and rivers and improve soil properties or land 

productivity (Blanco and Lal, 2008).   

 

Assessment of important soil physical, chemical and biological properties and their responses to 

changes in land management is necessary to apply appropriate agricultural technologies and 

effective design of soil fertility management techniques; and to improve and maintain fertility 

and productivity of soil (Wakene and Heluf, 2003).  

 

In the area under the present study there is long lasting intensive cultivation. The pressure of 

growing population in this area gradually forced farmers to cultivate intensively without 

effective or sustainable soil and water conservation measures. To reverse the problem soil 

conservation practices are influential tool which enables to maintain the productive potential of 

the soil. The goals of the practices are to preserve and enhance the physical, chemical and 

biological property of soil in area. Soil and water conservation measures mostly implemented on 

cultivated lands are mainly soil bunds. 

 

Farmers in the study area has been practicing common crop rotations and currently physical soil 

and water conservation structures were started in order to improve their land productivity 

through erosion reduction. They are commonly and traditionally practicing crop rotation between 

two cereal crops (maize and wheat) and from cereal to pepper, sometimes faba bean, as land 
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amendment strategy. However, besides such commonly adopted activities, there is lack of 

awareness and adoption among the farmers to use their lands in a sustainable manner by using 

extra physical and organic soil and water conservation techniques. Therefore such traditional 

crop rotation practices have not been ignored or underestimated by development agents, 

researchers, soil conservationists and government staff. Currently other physical soil and water 

conservation measures such as soil bunds have been practiced at Dembecha District as 

betterment measures for continued soil problems. However, apart from monitoring and 

evaluation reports, no substantive studies made on their performances, short and long-term 

effects of those interventions improving both physical and chemical soil properties, while it is 

necessary to follow up the changes or benefits of treating lands with such measures. 

 

Therefore, the objective of the study was to evaluate the short-term cumulative effects of three 

year crop rotations and soil conservation measure on selected soil physico-chemical properties.  

Furthermore, the results of this study would help as a benchmark in the study area and to develop 

further understanding on the impacts of such land management practices (i.e. crop rotations and 

physical soil and water conservation) on soil properties.  
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2. LITRATURE REVIEW 

 

2.1. Concepts of Land Degradation in Ethiopia  

 

Land degradation is defined as a temporary or permanent decline in the productive capacity of 

land, or its potential for environmental management (Bezuayehu et al., 2002). Land degradation 

is also defined as a natural process or a human activity that causes the land to be unable to 

provide intended services for an extended time (FAO, 2004). Land degradation includes all 

process that diminishes the capacity of land resources to perform essential functions and services 

in ecosystems (Hurni et al., 2010). It is a continuous process and has become, however, an 

important concern affecting food security and the wealth of nations, and has an impact on the 

livelihood of almost every person on this earth (Bezuayehu et al., 2002) 

 

The causes and effects of land degradation are complex, and have intermingled environmental 

impacts (Tadesse, 2001). Principal processes of land degradation include erosion by water and 

wind, chemical degradation (comprising acidification, salinization, fertility depletion, and 

decrease in cation retention capacity), physical degradation (comprising crusting, compaction, 

hard-setting, etc.) and biological degradation (reduction in total and biomass carbon, and decline 

in land biodiversity) (WMO, 2005). 

 

Scholars identified different causes of land degradation. For example, according to Hurni et al. 

(2010) the cause of land degradation involves two interlocking complex systems: the natural 

ecosystem and the human social system. Interactions between the two systems determine the 

success or failure of resource management (Berry, 2003). While, WMO (2005) classified the 

causes of land degradation into biophysical factors such as unsuitable land use (land use for the 

purpose for which environmentally unsuited for sustainable use), socioeconomic factors such as 

poor land management practices, land tenure, marketing, institutional support, income and 

human health, and political factors such as lack of incentives and political instability.  

 

Mulugeta (2004) argued that land degradation is a biophysical process driven by socioeconomic 

and political causes in which subsistence agriculture, poverty and illiteracy are important causes 

of land and environmental degradation in Ethiopia. While, Gebreyesus and Kirubel (2009) 

reported that the heavy reliance of some 85% of Ethiopia‟s growing population on an 
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exploitative kind of subsistence agriculture is a major reason behind the current state of land 

degradation. 

 

The principal environmental impacts of land degradation include a rapid loss of habitat and 

biodiversity, modifications of water flows, and sedimentation of reservoirs and coastal zones 

(PDF, 2007). The resulting ecological impacts of land degradation in Ethiopia include loss in the 

chemical, physical and/or biological properties of soil which directly affects the type of plant that 

are grown on the area, reduced availability of potable water, lessened volumes of surface water, 

depletion of aquifers due to lack of recharge, and biodiversity loss (Berry, 2003). Land 

degradation is one of the major causes of low and in many places declining agricultural 

productivity and continuing food insecurity and rural poverty in Ethiopia (IFPRI, 2005). 

Similarly, Mulugeta (2004) also described that land degradation is threatening biological 

resources and agricultural productivity. Deterioration of crop production particularly in the 

highlands is cited as a major and prime impact of the land degradation, where soil and soil 

nutrient loss due to erosion is a leading cause (Nyssen et al., 2009). As result, land degradation 

has become a major policy concern in Ethiopia that is experiencing one of the highest rates of 

soil erosion and nutrient depletion in Africa (Laekemariam et al., 2016). 

2.2. Fertility Status of Ethiopian Soils 

 
Agriculture in Ethiopia has long been a priority and focus of national policy such as Agricultural 

Development Led Industrialization and the Plan for Accelerated and Sustained Development to 

End Poverty (Alemayehu, 2008). However, the sector is characterized by low productivity and 

the prevalence of a fragmented smallholder/subsistence farmer population that is relegated to 

highly degraded/marginal land (WB, 2010). Low productivity can be attributed to limited access 

by smallholder farmers to agricultural inputs, financial services, improved production 

technologies, irrigation and agricultural output markets and more importantly, to poor land 

management practices that have led to severe land degradation in some areas. Therefore, the 

sector is also characterized by low input-low output and labor-intensive rain fed farming systems 

reliant on the use of animal power (PIF, 2010).  

  

In the different regions of Ethiopia, there exist various topographic, climatic or agro-climatic and 

soil conditions. These varying conditions together with socio-economic status of the society, 

creates various factors that cause soil fertility decline with varying degrees. Ethiopia faces a 
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wider set of soil fertility issues beyond inorganic fertilizer use which has historically been the 

major focus for extension workers, researchers, policymakers and donors. These issues interact 

and include loss of soil organic matter, macronutrient (N, P, S and K) and micronutrient (Fe, Mn, 

Zn, Cu, B, Mo and Cl) depletion, topsoil erosion, acidity, salinity and deterioration of other 

physical soil properties (Gete et al., 2010). 

 

Soil  fertility  and  productivity  is  more  than  just  plant  nutrients  and  can be  defined as  "The 

physical, biological and chemical characteristics of a soil, for example its organic matter  

content, acidity, texture, depth and water-retention capacity all influence fertility"  (Gruhn et al.,  

2000). Because these attributes differ among soils and soils differ in their quality.  Even if the 

soil fertility status of Ethiopia is not documented well, its low fertility status can be exhibited by 

some of macronutrient and organic matter, CEC and pH levels of the different areas. As already 

stated above the soil fertility status in Ethiopia varies among different condition, for example the 

variation in the agro-ecological zones and variations within plots in a farm (Sanginga and 

Woomer, 2009). Fertility  status  also can vary  between contrasting fields  that  are within the  

same  soil types, for example soils  around homestead  are relatively  fertile to soils which are far 

away from homestead (outfields) and conserved with un-conserved land (Getachew and  Chilit, 

2009). 

 

In terms of soil nutrients and fertility, Ethiopia has one of the highest rates of nutrient depletion 

In Sub-Sahara African. The estimated annual nationwide loss of phosphorus and nitrogen 

resulting from the use of dung and crop residues for fuel is equivalent to the total amount of 

commercial fertilizer use. However, the use of fertilizer and improved seeds are limited despite 

government efforts to encourage the adoption of modern agricultural practices. Land degradation 

and nutrient depletion are further exacerbated by overgrazing, deforestation, population pressure 

and the poor land use planning and tenure system (PIF, 2010). 

 

The major constraints to retaining soil fertility in Ethiopia are soil nutrient and organic matter 

depletion, acidification and soil erosion losses as result of inappropriate land use practices have 

become major cause of concern for agricultural soils in the Ethiopian highlands (IFPRI, 2010). In 

particular, due to the land form of occurrence (high to mountains relief hills with moderately 

steep slopes) and intensive cereal cultivation and cattle grazing, Nitisols have become prone to 
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degradation in spite of their high structural aggregate stability to resist erosion (FAO, 2001; 

Elias, 2016). 

 

The loss in soil fertility is further aggravated by continuous cultivation which leads to nutrient 

mining of the soils. As the population increases, farming system such as shifting cultivation and 

fallowing which has been to be practiced by farmers become discontinued to continuously feed 

the large number of family. Even if farmers have indigenous knowledge about how to manage 

their farms but the resources they possess limit them no to do the managements such as increase 

in soil organic matter by leaving the crop residue on the field and also to apply the cow dung or 

manure to their field (Beyene, 2011). 

 

Soil acidification is one of the soil fertility problems in Ethiopia. The strongly acid soils are 

found in ecologies which receive or have historically received high incidence of rainfall and have 

warm temperatures much of the year. They are often found in Oxisols, Nitosols, and Ferralsols. 

Thus, the most strongly acidic soils are found in western and south western parts of Ethiopia, the 

central highlands, the high rainfall areas of north western part of the country. Nevertheless, 

moderately acidic soils (pH 5.56.5) are distributed through much of the rest of the country (Taye, 

2008). 

Physical and chemical properties of soil are the major determinant factors of soil fertility status. 

Different physical and chemical properties of the soil relate to one another and hence, the value 

of one can indicate the status of the other (Brady and Weil, 2004). 

2.3. Soil and Water Conservation in Ethiopia 
 

Soil erosion is the deterioration of soil by the physical movement of soil particles from a given 

site and a cause for land degradation (Ayele et al., 2014). Very little organic residues are 

therefore returned to the soil apart from the roots of annual crops. As a consequence, soils 

become low in organic matter after some time of continuous cultivation. Depletion of organic 

matter and destruction of soil aggregates lead to increased rates of soil losses in cultivated areas 

(Kjell et al., 2002). Ethiopia is a country where soil degradation is prevalent at a tragic rate. The 

amount of yield reduction as a result of the loss of topsoil each year is increasing substantially. 

This makes the issue of soil conservation vital concern if the country wants to achieve 
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sustainable development of its agricultural sector and its economy at large (Abera and Belachew, 

2011).  

Since soil degradation is a major threat for agricultural yield, it is also threat economic growth of 

developing countries like Ethiopia. It is because the economy of developing countries is highly 

dependent on agriculture (MoFED, 2006). Therefore, there must be a way to curb the negative 

influence of land degradation. One way of controlling the adverse effect of soil degradation is 

adopting the appropriate technology which prevents soil erosion. To address the land degradation 

and loss of soils, a massive and extensive conservation schemes were launched in Ethiopia. Soil 

and water conservation technology is one which is implemented since the mid-1970s in Ethiopia 

(Hawando, 1997). Typical soil and water conservation technologies used in Ethiopia include soil 

bunds, stone bunds, grass strips, waterways, trees planted at the edge of farm fields, contours, 

and irrigation (chiefly water harvesting) (Kato et al., 2009). These projects have made use of 

farmer labor under the „„food-for-work‟‟ project funded by the World Food Program.  

 

Soil conservation research in developing countries has changed during the past decade, from a 

“technical-fix approach” to an approach where several aspects of land degradation and 

restoration are brought into focus (Kjell et al., 2002). Soil conservation can be defined as the 

protection of fertile topsoil from erosion by water and the replacement of nutrients in the soil, by 

means of cover crops, terracing, contour farming and crop rotation. Soil water conservation 

practices can be classified as physical (terrace, channels, contour bunds and waterways (Morgan, 

2005), biological (covering of land using vegetation and could be agronomic practice or forest 

cover (Tideman, 1998) and agronomic (crop managements such as crop rotation, strip cropping, 

mixed cropping, intercropping, fallowing, and agro-forestry (Morgan, 1995).  
 

The aims of agronomic or biological soil and water conservation measures are to increase the 

surface cover, decrease runoff and increase water infiltration. It is a measure that conserves, 

improves and makes more efficient use of soil, water and biological resources for farming and 

combines profitable agricultural production with environmental measures and sustainability 

(Liniger et al., 2011).  

  

 

  

https://www.wocat.net/fileadmin/user_upload/documents/Books/SLM_in_Practice_E_Final_low.pdf
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2.3.1. Crop rotation  

 

Crop rotation is a series of different crops planted in the same field following a defined order 

(Thierfelder and Wall, 2009). It results in improved soil conditions accomplished by preserving 

or ameliorating soil biological, chemical and physical properties (Aziz et al., 2011). Contrary to 

crop rotation, mono-cropping associated with poor land management practices has no doubt 

resulted in rapid degradation of soil fertility in most of the soils in sub Saharan Africa (Peter, 

2007). 

 

Meanwhile, crop residue incorporation leads to soil OM buildup and impacts soil physical 

properties; rate of nitrogen mineralization, soil moisture, pH and soil erosion (Pan, 2003). Crop 

rotations help in nutrient distribution in the soil profile resulting in the full exploitation of the 

root zone by crops with differing rooting depths (Giller et al., 2009).  

  

The choice of crop chosen to be grown on a site plays an integral role in the soil organic matter 

balance as the crops influence the carbon inputs into the soil. Different crops produce biomass of 

differing quantities and qualities (Johnstone et al., 2009). Crops that produce a large amount of 

biomass, such as wheat or pastures, will lead to a greater addition of organic matter to the soil, 

compared to crops with a low biomass such as canola or beans. While leaves and stalks provide a 

large addition of organic matter to the topsoil, roots also play an important but poorly understood 

role (Smith, 2014). 

 

A study conducted by Traole et al. (2007) revealed that recommended maize fields should be 

rotated with legumes to lessen the dependence on mineral fertilizers. Although there are obvious 

effects of rotation on soil mineral status, particularly nitrogen, researchers have concluded that 

there is a rotation effect beyond that which can be explained by soil mineral status alone. 

According to EU (2010), crop rotations can result in highly variable economic and 

environmental impacts. These impacts should be understood as the sum of the impacts of each of 

the crops in rotation and the impacts of the agricultural practices used on these crops. However, 

the same crop rotations can have beneficial or detrimental impacts on the environment, 

depending on the management practices chosen by the farmer (EU, 2010). 

 

The effect of crop rotation on soil properties has been well studied and crop rotation has 

generally shown a positive impact on soil properties (Villamil et al., 2006) and different crop 
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species have different impacts on soil properties. These impacts are related to plant properties of 

nutrient uptake, root system pattern, and the quantity and quality of residue left on the soil after 

harvest (Martens, 2000). Changes in chemical parameters are largely a function of changes in 

physical composition (Kjell et al., 2002). 

 

The positive effect of crop rotations on physical, chemical and biological soil properties are 

related to higher carbon inputs and diversity of plant residues returned to soil. Significant change 

in soil quality indicator properties by crop rotation at different soil depths over time could be 

attributed to placement and quality of crop residues, microbial food webs and soil micro-climatic 

parameters (Bodnar et al., 2004). 

 

The quality of crop residues are determined by the C:N ratio. Residues with a low C:N ratio are 

regarded as high quality, and will mineralize rapidly, allowing for faster access to essential 

nutrients such as N, P and S. Low quality residues with a high C:N ratio will mineralize at a 

slower rate and will therefore have a longer residual time in the soil. A C:N ratio below 25:1 will 

lead to mineralization of N into the soil (Sparks, 2005). It is then obvious that the inclusion of 

legumes into a crop rotation will have a positive effect in the mineralization of organic matter. 

2.3.2. Soil bund 

 

Physical soil conservation structures are designed mainly to control runoff and soil erosion in 

fields where biological control practices alone are insufficient to reduce soil erosion to 

permissible level and to support agronomic measures of soil management (Morgan, 2005). These 

agronomic conservation measures can be applied together with physical soil conservation 

measure. In some systems they may be more effective than structural measures and it is the 

cheapest way of soil and water conservation (Wimmer, 2002), while it is more difficult to 

implement compared with structural ones as they require a change in familiar practices.  

  

Eleni (2008) indicated that introduced soil and water conservation measures, fanya-juu and soil 

bunds, were widely acknowledged as being effective measures in arresting soil erosion and as 

having the potential to improve land productivity. However, the physical soil and water 

conservation interventions showed an inconsistent adoption trend over time. Initially, farmers 

viewed the structures as showing limitations, as they were not getting immediate returns (Amsalu 

et al., 2007). 
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Soil bunds are ridges and ditches made of soil across the slope along the contour (level soil 

bund) or at some inclination (angle) from the contour (graded soil bund). Level soil bunds are 

ridges made of soil across the slope along the contour used to prevent runoff and to conserve soil 

and water (Barungi and Maonga, 2011). Thus, they reduce soil erosion and increase the amount 

of water and nutrients the soil can hold. It can be used both on cultivated and uncultivated land. 

Contour bunds are appropriate for fields with permeable soils of gentle to moderate slopes 

(Franzluebbers, 2010) and it is not recommended to build bunds on steep slopes more than 30% 

slopes. However, Vanlauwe et al. (2013) indicated that contour bunds are among the 

recommended soil erosion control techniques in some moderate hill lands. On moderately 

sloping areas the farmers construct the soil bunds for erosion control. On steep eroded bare lands 

graded bunds and stone terraces are most used structures in study area, but not as such common. 

 

Results revealed that soil chemical and physical properties such as soil OM, total nitrogen, 

available phosphorous, bulk density, and infiltration rate and soil texture were found to be 

significantly different between conserved and non-conserved watersheds with soil bund 

(Vanlauwe et al., 2013).  

2.4. Effects of Soil and Water Conservation on Soil Physico-chemical Properties  

 

Physical and chemical properties of soil are the major determinant factors of soil fertility status. 

Different physical and chemical properties of the soil relate to one another and hence, the 

presence of one can indicate the status of the other (Brady and Weil, 2004). Soils have many 

variables, which have multiple types of characteristics that ultimately affect land productivity 

and crop production.  

 

The physical characteristics of soils determine their adaptability to cultivation and the level of 

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

determine the soil's water and air supplying capacity to plants. The soil physical properties such 

as structure, soil separates, bulk density, total porosity and soil water characteristics showed 

notable variations due to different land use system, particularly in A-horizon (Wakene, 2001).  

 

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

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

occur in the soil affect processes leading to soil development and soil fertility build up. Minerals 
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inherited from the soil parent materials overtime release chemical elements that undergo various 

changes and transformations within the soil (Wang et al., 2007). Factors such as erosion, 

deposition, eluviation, and soil water conservation, farming practices and weathering can change 

various soil physic-chemical properties (Brady and Weil, 2002). 

2.4.1. Soil texture  

  

Texture of a soil refers to the size-composition of elementary grains (sand, silt and clay contents) 

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

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

tillage and irrigation practices (Gupta, 2004). Soil texture is also one of the inherent soil physical 

properties less affected by management. The rate of increase in stickiness or ability to mould as 

the moisture content increases depend on the content of silt and clay, the degree to which the 

clay particles are bound together into stable granules and the organic matter content of the soil 

(White, 1997).  

 

Over a very long period of time, pedogenic processes such as erosion, deposition, eluviation and 

weathering can change the textures of various soil horizons (Brady and Weil, 2002). The mean 

values of clay content in the conserved farmlands were higher than the comparing non-conserved 

(Mengistu et al., 2015). This is true that clay materials are fine particles that can be easily 

transported to other areas, unless different conservation measures are applied.  Jamala and Oke 

(2013) also reported that soil texture is intrinsic soil property, but intensive cultivation could 

contribute to the variations in particle size distribution at the surface horizon of cultivated and 

natural fallow land. 

2.4.2. Bulk density  

 

Measurement of soil bulk density (the mass of a unit volume of dry soil) is required for the 

determination of compactness, as a measure of soil structure, for calculating soil pore space and 

as indicator of aeration status and water content (Barauah and Barthakulh, 1997). Bulk density 

also provides information on the environment available to soil microorganisms. White (1997) 

stated that values of bulk density ranges from < 1g/cm
3
 for soils high in organic matter, 1.0 to 

1.4g/cm
3
 loamy soils and 1.2 to 1.8g/cm

3
 for well- aggregated for sands and compacted horizons 

in clay soils. The critical value of bulk density for restricting root growth varies with soil type 

(Hunt and Gilkes, 1992). Generally, the critical value for agricultural use suggested by Hillel 
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(2004) is 1.4g/cm
3
. Sandy soils usually have higher bulk densities (1.3–1.7g/cm

3
) than fine silts 

and clays (1.1–1.6g/cm
3
) because they have larger, but fewer, pore spaces.  

 

In clay soils with good soil structure, there is a greater amount of pore space because the 

particles are very small, and many small pore spaces fit between them. Any factor that influences 

soil pore space will also affect the bulk density. For instance, intensive cultivation increases bulk 

density resulting in reduction of total porosity.  Soils rich in OM (e.g. peaty soils) can have bulk 

densities of less than 0.5 g/cm
3
. Bulk density normally decreases as mineral soils become finer in 

texture. Soils having low and high bulk density exhibit favorable and poor physical conditions, 

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

soil organic matter (Brady and Weil, 2002).  

 

Crop rotations contribute to the improvement of soil physical properties such as tilth and bulk 

density. Al-Kaisi et al. (2005) measured bulk density in different crop rotations under reduced 

tillage. Soil bulk density measured in the 0-15 and 15-30 cm layer showed significantly lower 

values in the smooth brome grass treatment than in the maize-soya beans-alfalfa treatment. These 

results indicated that crop residue retention improves soil physical properties such as bulk 

density. Soil bulk density increased in the 0-10 and 10-20 cm layers relative to the length of time 

the soils were subjected to cultivation (Mulugeta, 2004). On the other hand, Wakene (2001) 

reported that bulk density was higher at the surface than the subsurface horizons in the 

abandoned and lands left fallow for twelve years. The changes in the physical soil attributes on 

the farm fields can be attributed to the impacts of frequent tillage and the decline in organic 

matter content of the soils.   

 

According to the study by Abay et al. (2016), the significant effect of physical soil and water 

conservations on bulk density was observed (1.35g/cm
3
) under conserved with soil bund where 

bulk density was  higher in the non-conserved plot (1.77g/cm
3
) . This could be attributed to the 

presence of significantly higher OM accumulation as a result of conservation practices.  The non-

conserved micro watershed had the lowest soil OM, total N and infiltration rate with highest bulk 

density, clay content and available P compared to the conserved one.   

 

Mulugeta and Karl (2010) also reported that significantly higher mean value of bulk density in 

non-conserved plots than in the plot treated with soil and water conservation measures. Similarly, 

the non-conserved landscape was found significantly higher mean value of bulk density than the 
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conserved landscapes. This could be due to the presence of significantly higher OM resulted 

from conservation measures and decay of plant (Tefera, 2016).  

2.4.3. Total porosity  

 
The total porosity of soils usually lies between 30% and 70%. In soils with the same particle 

density, the lower the bulk density, the higher is the percent total porosity. As soil particles vary 

in size and shape, pore spaces also vary in size, shape and direction (Foth, 1996); coarse textured 

soils tend to be less porous than fine texture soils, although the mean size of individual pores is 

larger in the former than in the latter. There is close relationship between relative compaction 

and the larger (macro pores) of soils (Ike and Aremu, 1992). Macro pores can occur as the spaces 

between individual sand grains in coarse textural soils. Thus, although a sand soil has relatively 

low total porosity, the movement of air and water through such soil is surprisingly rapid because 

of the dominance of macro pores. Fertile soils with ideal conditions for most agricultural crops 

have sufficient pore space, more or less equally divided between large (macro) and small (micro) 

pores.  

 

The decreasing OM and increasing in clay that occur with depth in many soil profiles are 

associated with a shift from macro-pores to micro-pores (Brady and Weil, 2002). Micro pores are 

water field; and they are too small to permit much air movement. Water movement in micro 

pores is slow, and much of the water retained in these pores is not available to plants. Fine 

textured soils, especially those without a stable granular structure may have a dominance of 

micro pores, thus allowing relatively slow gas and water movement, despite the relative large 

volume of total pore space (Landon, 1991). Considering the surface soils, (Wakene , 2001) stated 

that the lowest total porosity (36.2%) was observed on the abandoned research field, followed by 

(41.6%) under the land left fallow for twelve years and the highest (56.7%) was recorded on the 

farmer‟s field. The lowest total porosity was the reflections of the low OM content. 
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2.4.4. Soil reaction (soil pH)   

 

Soil reaction also called actual or active acidity (usually expressed as pH value) is the degree of 

soil acidity or alkalinity, which is caused by particular chemical, mineralogical and/or biological 

environment. Soil reaction effects nutrient availability and toxicity, microbial activity, and root 

growth. Descriptive terms commonly associated with certain ranges in pH are extremely acidic 

(pH < 4.5), very strongly acidic (pH 4.5-5.0), strongly acidic (pH 5.1-5.5), moderately acidic (pH 

5.6-6.0),  slightly acid (pH 6.1-6.5), neutral (pH 6.6-7.3), slightly alkaline (pH 7.4-7.8), 

moderately alkaline (pH 7.9-8.4), strongly alkaline (pH 8.5-9.0) and very strongly alkaline (pH > 

9.1) (Foth and Ellis, 1997). 

 

Although there are plants that thrive in acid or alkaline media, most crops perform best in a 

slightly acidic soil to neutral (pH 6.5-8.5) (Landon, 1991). The values of pH less than 5.5 may 

lead to aluminum toxicity, and hence unavailability of P and some of the soil micronutrients such 

as molybdenum and reduced biological activity (Gachene, 2003).  When soil have pH >8, some 

of the micronutrients and P become unavailable to the plants, biological activity is reduced and 

soil becomes saline. FAO (2006), reported that low soil pH under Nitosol induces increase in 

micronutrient contents (Fe
2+

, Mn
2+

, and very low Zn
2+

). 

 

There were differences in the pH of the soil due to the frequency of corn in the rotation; soil 

under three year corn was the most acidic followed by corn-soybean-wheat with the greatest pH 

under continuous soybean. The three rotations that contain corn had more acidic soil at the 

surface 0-20 cm. Acidification of the soil is related to surface or near-surface applications of 

nitrogen fertilizer, which occur more frequently in three year corn than in the other rotation 

(Jagadamma et al., 2008). 

2.4.5. Soil organic matter (Soil OM)  

 

Soil organic matter is primarily plant residues, in different stages of decomposition. The 

accumulation of soil OM within soil is a balance between the return or addition of plant residues 

and their subsequent loss due to the decay of these residues by micro-organisms. Organic matter 

existing on the soil surface as raw plant residues helps protect the soil from the effect of rainfall, 

wind and sun. Removal or burning of residues exposes the soil to negative climatic impacts, and 

removal or burning deprives the soil organisms of their primary energy source (Bot and Benites, 

2005).  
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Levels of soil OM range from about 0.4-10% in mineral soils in temperate regions. While OM is 

a relatively small fraction of the soil, it has large effects on soil structure and soil fertility. Soil 

OM contains an estimated 95% of soil nitrogen and 40% of soil phosphorus, and with the right 

levels and conditions it may provide all of the N and P needs of a crop. Percentage of soil 

organic matter is low (0.4-1%), moderate (1-1.8%), high (1.8-3%) and very high (>3%) 

(Charman and Roper, 2000). 

 

Soil OC is the main constituent of soil OM and its importance as a soil quality indicator was 

reported both as a single soil or compound characteristic (Yemefack et al., 2006). The total 

organic carbon is the carbon stored in soil organic matter; organic carbon enters the soil through 

the decomposition of plant and animal residues, root exudates, living and dead microorganisms, 

and soil biota (White, 1997). Soil OM is the organic fraction of soil exclusive of non-

decomposed plant and animal residues.  

 

The distribution of soil OM, expressed as organic carbon, is 38% in trees and ground cover, 9% 

in the forest floor and 53% is in the soil including the roots plus the soil OM associated with soil 

particles (Foth, 1990). Soil OM is about 58% carbon; therefore, soil organic matter  conversions 

can be made by taking soil carbon values and dividing by 0.58 or multiplying by  1.72 (USDA, 

2001). According to Fairhurst (2012), the critical limit for soil organic carbon is 1.5 %. However, 

Loveland and Webb (2003) reported that a 2% of soil OC is a critical level for optimum soil 

fertility, stability and crop production. The Loveland and Webb (2003) reported that a 2% of OC 

is a critical level for optimum soil fertility, stability and crop production. Soil OC is one of the 

most important constituents of the soil due to its capacity to affect plant growth as both a source 

of energy and a trigger for nutrient availability through mineralization. Humus participates in 

aggregate stability, nutrient and water holding capacity (Kahn, 2014).  

 

Farming practices resulted in loss of soil OC (Eylachew, 1999). To compensate the losses, 

practices such as no or minimum tillage may be the best option. Other practices that increase soil 

OC include continuous application of manure and compost, crop rotation and use of cover crops. 

On the other hand burning, harvesting, or removing residues decrease soil OC (Yihenew, 2002). 

 

Proper adoption of crop rotation can result in an increase or maintenance of soil OM with respect 

to both the quantity and quality (Liu et al., 2006). Soil OC can be best preserved by rotation in 
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combination with minimum soil disturbance and additions of chemical fertilizers (Liu et al., 

2006). Furthermore, soil OM help in the sequestering of soil carbon that changes in soil OC 

stocks significantly influence the atmospheric carbon concentration. 

 

Kim and Dale (2005) stated that the use of winter cover crop following a corn/soybean rotation 

increased soil OC content. Blair and Crocker (2000) found that the inclusion of legume crops in 

the rotation resulted in an increase in liable carbon concentrations compared with continuous 

wheat or a long fallow period. Soil OC benefits soil by lowering bulk density, increasing nutrient 

availability, increasing cation exchange capacity and improving water holding capacity; in 

addition, soil OC increases aggregate stability making soils less susceptible to erosion (Varvel 

and Wilhelm, 2010). Coulter et al. (2009) reported lower bulk density under three year corn 

compared from corn-wheat-wheat rotation and corn-soybean-soybean rotation. Reduced bulk 

density in rotations with less frequent faba bean is likely related to greater aggregate stability due 

to greater residue accumulation from corn and wheat compared to faba bean. Results were 

obtained by Omay et al. (1997) who reported more soil OC under continuous corn than under 

corn-soybean rotation. Soil OM content was positively correlated with total nitrogen and 

negatively correlated to soil bulk density. 

Tadele (2011) reported that higher OC in conserved farmlands than un-conserved by physical 

soil and water conservation. Even though, the soil bunds construction increased OC; the mean of 

OC on conserved and un-conserved plot were almost equal and below the critical level of OC. A 

study conducted by Wolka et al. (2011) also revealed that soil and water conservation with soil 

bund reduces surface runoff and soil loss, retain water that enhances crop growth and improving 

and restoring of OM. 

2.4.6. Total nitrogen (TN)  

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

after carbon, oxygen and hydrogen, but it is the most frequent deficient nutrient in crop 

production (Havlin et al., 1999). The total N content of a soil ranges from less than 0.02% in 

subsoil to greater than 2.5% peat soils (Havlin et al., 2002). As indicated by Landon (1991), total 

N greater than 1% as very high, 0.5 to 1% as high, 0.2 to 0.5% as medium, 0.1-0.2% as low and 

less than 0.1% as very low  N status. There is a strong positive relationship between soil N and 

soil OM content. Low total N content and therefore N deficiency is visible in highly weathered 



19 
 

soils and sodic soil of arid and semi- arid regions due to low OM content. This is attributed to the 

general low biomass production and fast oxidation of OM in such climatic zones (Havlin et al., 

2002). However total N in the soil cannot be used as a direct interpretation of nitrogen supply to 

the plants but provides a good indication of soil health. All the levels of N from the cropping 

patterns were below the optimal range of 0.2–0.3 %. Low total Nin these systems could be due to 

inconsistencies in the application of the basic principles of conservation farming (Peter, 2007). 

 

Many studies have shown that there were N benefits from rotations with grain legumes compared 

with cereal monoculture (Kirkegaard et al., 2008). Acosta et al. (2004) concluded that 

continuous wheat increased soil organic N in the top 0–15 cm soil layer by 7–17 kg N ha
-1

 more 

than rotational or fallow/wheat cropping system, and was accompanied by an increase in the 

proportion of mineralizable soil organic N (Liang et al., 2004). Jagadamma et al. (2007) also 

reported that greater total N under three year corn than a corn-soybean rotation at the surface 20 

cm. As a result of N fertilization of corn and wheat, the corn-soybean-wheat and three year corn 

have greater inputs of N compared to the corn-legume rotations. The return of greater crop 

residue from corn and wheat is an important factor in the greater total nitrogen under rotations 

that incorporate these crops more frequently. 

 

Significantly higher soil OC and total N contents under rotations where corn and legume are 

included, most probably related to greater differences in inputs, decomposition of OM and 

stoichiometry of carbon and N (Huang et al., 2002). Since carbon and N stoicheometrically 

linked in soil organic matter, a greater content of soil organic matter invariably led to an increase 

in such soil nutrients under crop rotations where legumes are included. Furthermore, since 

legume biomass decompose (low C:N ratio) faster than non-legumes (high C:N ratio), the 

incorporation of soybeans, cowpea and faba bean and cow pea (as a cover crop) in the corn 

legume may have resulted in greater availability of both carbon and N in the soil. Physical soil 

and water conservation measures also stabilize the nitrogen fixing plants and thereby increase 

total nitrogen in conserved plot (Mengistu et al., 2015). 

2.4.7. Available phosphorus (Av.P) 

  

Phosphorus is the second most limiting macronutrient in most tropical soils. It is an essential 

element classified as a macronutrient because of the relatively large amounts required by plants 

(Fernando et al., 2002). It plays key roles in photosynthesis, respiration, energy storage and 
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transfer, cell division and in biological nitrogen fixation process. Adequate P availability for 

plants stimulates early plant growth and hastens maturity. Variability of the level of available P 

is related to many factors such as land use, OM content and other characteristics like clay 

contents and clay mineralogy (Mohammed et al., 2005).  

 

Phosphorus is unique among the anions in that it has low mobility and availability, which is 

determined by soil pH and the consequent reactions of P with Al
3+

, Fe
3+

 and Ca
2+

. It is difficult 

to manage because it reacts so strongly with both solution and solid phases of the soil. While P 

occurs in a multitude of inorganic and organic forms in the soil, the plant available forms of P 

are limited primarily to solution HPO4
-2

 and H2 PO4
-
, with the dominant forms determined by the 

soil pH (Tisdale et al., 1995). 

 

Both at soil acidity and alkalinity, availability of P is reduced to deficiency levels. Availability of 

P is usually optimum in the pH range of 6.5 and 7.0 (Osman, 2013). At low or acidic pH (5.5), 

phosphorus is combined with Al, Fe, and Mn as their polyphosphates and at high pH (4 8.0), P is 

precipitated with Ca (Osman, 2013). According to Brady (1990), the optimum phosphorus 

availability is when soil reaction (pH) range is between 6 and 7. That is why one of the most 

important benefits of liming acidic soil is improving P availability. Moreover, the addition of P 

through fertilization can improve its availability. Phosphorus can react strongly with iron and 

aluminum components of acid tropical soils, thereby becoming unavailable for plant uptake.  

 

Phosphorus fixation in acid soils is caused by precipitation of highly insoluble Aluminum and 

Iron phosphate (Asmare, 2014). The reduced P adsorption and increased phosphorus availability 

following application of organic amendments to soils is thought to be the result of the 

cumulative effects of several mechanisms. These include blockage of P adsorption sites by 

organic products released from the decomposing residues, a rise in soil pH, complexation of 

soluble Aluminum and Iron by organic acids and reduction of their concentrations in soils 

(Asmare, 2014).  

 

Most of the soils in Ethiopia particularly Nitisols and other acid soils are known to have low P  

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

fixation capacity of the soils (Eylachew, 1987). Under heavy clay soil, Olsen extraction value of 

soil available P is considered low (0-13ppm), medium (13-30ppm) and high (>30ppm) 

(Clements and McGowen, 1994).  
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The increase in available P under conservation farming is attributed to the direct surface 

placement of crop residues that leads to the accumulation of soil OM and microbial biomass 

near the surface (Fernando et al., 2002). Available P levels were high in corn-soybean-wheat 

and three year corn at the surface 0 to 20 cm; corn-soybean-soybean rotation was intermediate 

value (Jagadamma et al., 2008). The higher available P levels in the soil under such cropping 

system are likely due to a less uptake of potassium by corn as reported by Russell et al. (2006).  

 

Mengistu et al. (2015) also reported that available P was observed to be significantly different 

between the conserved and non-conserved fields. The variation is due to the soil OM content 

difference. Studies have been done in many parts of the world to ascertain the effects of 

conservation farming on soil pH and different views have emerged. For example, 

Neugschwandtner et al. (2014), reported that an increase in soil pH with depth from 0 to 20 cm 

in an eight years old conservation of farmland trial with soil bund in Austria. According to 

Methe et al. (2012), soil pH was showed a significant and positive correlation with available P, 

exchangeable calcium and magnesium. 

 

2.4.8. Exchangeable acidity 

 

Exchangeable hydrogen (H) together with exchangeable aluminum (Al) is known as soil 

exchangeable acidity. Exchangeable acidity is the measure of the H
+
 and Al

3+
 ions retained or 

fixed on soil colloid after the active acidity is measured (Mccarty et al., 2003). When the 

exchangeable acidity of the soil is high with a resultant low pH, it affects the soil condition and 

many processes in the soil. In an acidic condition, aluminum fixes phosphorus causing its 

deficiency in plants, the bio-availability of iron, aluminum, or manganese can be very high and 

may reach toxic levels at lower pH (Liu et al., 2014).  

 

During soil acidification, protonation increases the mobilization of Al and Al forms serve as a 

sink for the accumulation of H
+
 (Foth and Ellis, 1997). The concentration of the H

+
 in soils to 

cause acidity is pronounced at pH values below 4 while excess  concentration of Al
3+

 is observed 

at pH below 5.5 (Nair and Chamuah, 1993). In strongly acidic conditions of humid regions 

where rainfall is sufficient to leach exchangeable basic cations, exchangeable Al
3+

 occupies more 

than approximately 60% of the effective cation exchange capacity, resulting in a toxic level of 

aluminum in the soil solution (Buol et al., 1989). Generally, the presence of more than 1 parts 
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per million of Al
3+

 in the soil solution can significantly bring toxicity to plants. Hence, the 

management of exchangeable Al
3+

 is a primary concern in acid soils. 

As soils become strongly acidic, they may develop sufficient Al in the root zone and the amount 

of exchangeable basic cations decrease, solubility and availability of some toxic plant nutrient 

increase and the activities of many soil microorganisms are reduced, resulting in accumulation of 

soil OM, reduced mineralization and lower availability of some macronutrients like nitrogen, 

sulphur and phosphorus and limitation of growth of most crop plants (Rowell, 1994). 

Crop rotation practices on where faba bean or other crops with release of organic acids is 

important to increase P availability and exchangeable calcium. This is because Al
3+

 ions form 

more stable complexes with organic acids released from faba bean. Consequently, this process 

may cause a decrease in exchangeable acidity, and thus, increase exchangeable calcium in this 

soil layer (Aoyama, 1996). 

2.4.9. Exchangeable bases  

 

The base-exchange properties of soils influence plant nutrition and the desirability of the soil as a 

growth medium. Nutrient cations held as exchangeable bases are in a readily available state. 

Exchangeable bases in the exchange a complex are Ca
2+

, Mg
2+

,Na
+
  and K

+
   ions. But Ca2+

   is the 

predominant base accounting for about 60-80% of the bases followed by 5-20% of Mg2+
  (Eyasu, 

2002). Research works conducted on Ethiopian soils indicated that exchangeable Ca and Mg 

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

saturation particularly in Vertisols (Eyelachew, 2001). Soils under continuous cultivation, 

application of acid forming inorganic fertilizers, high exchangeable and extractable Al associated 

to low pH are characterized by low contents of Ca2+ and Mg2+ mineral nutrients resulting in Ca
2+

 

and Mg
2+

 deficiency due to excessive leaching (Dudal and Decaers, 1993). 

 

According to Metson (1961), values of exchangeable Ca
2+

 0-1, 1-5, 5-10, 10-20 and greater than 

20 and Mg
2+

 0-0.3, 0.3-1, 1-3, 3-8 and greater than 8 are rating as very low, low, moderate, high 

and very high. The cations in productive agricultural soils are present in the order, Ca
2+ 

>Mg
2+ 

> 

K
+ 

>Na
+

 and deviations from this order can create ion imbalance problems for plants. For 

example, high Mg
2+

 in soils formed from inhibits Ca
2+

 uptake by plants and high Na
+
 occurs in 

soils, where drainage is poor and evaporation rates exceed rainfall, creates problems of low water 

flow in soils and availability for plants (Bohn et al., 2001).  
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Mean value of cation exchange capacity and exchangeable cations (Ca2+, Mg2+,Na+
  and K+

  ) of 

woody land conserved and none conserved with soil bund were more than fallow land with and 

without soil bund which were also more than cultivated land with and without soil bund under 

lower, middle and upper slop positions (Bezabih et al., 2016). This is because the cultivated land 

of the study area faced continuous cultivation, removal of crop residue coupled with soil erosion 

whereas soil conservation practice might have reduced soil erosion and leaching of exchangeable 

cations. Worku et al. (2012) also identified that exchangeable K
+
 concentrations in farm plots 

with soil conservation structures were found to be significantly higher than in the adjacent non-

conserved farm plots.  

 

2.4.10. Cation exchange capacity (CEC)  

 

The cation exchange capacity (CEC) of soils is defined as the capacity of soils to adsorb and 

exchange cations (Brady and Weil, 2002). Cation exchange capacity is an important parameter of 

soil because it gives an indication of the type of clay minerals present in the soil, its capacity to 

retain nutrients against leaching and assessing their fertility and environmental behavior. 

Generally, the chemical activity of the soil depends on its CEC. The higher the CEC, the higher 

the negative charge and the more cations that can be held, the more nutrients the soil can supply. 

There is a fairly constant equilibrium between adsorbed cations and those moving freely in the 

soil moisture. When the equilibrium is disturbed, ion exchange between the solid and liquid soil 

phases occur, resulting in either adsorption or release of cations (Samuel et al., 2000).  

 

In general, CEC is crucial factor in the determination of soil fertility for two fundamental 

reasons. The first reason is that, the total quantities of nutrients available to plants as 

exchangeable cations depend on it. The second reason is that, it can influence the degree to 

which hydrogen and aluminum ions occupy the exchange complex and thus, affect the pH of 

soils (Sahlemedihn and Taye, 2000). According to Hazelton and Murphy (2007), values of soil 

CEC 6-12, 12-25, 25-40 and greater than 40 cmolc/kg was rated as low, moderate, high and very 

high respectively. Fasil and Charles (2009) reported that the amount of clay and mainly the type 

of clay mineral and amount of organic matter present in the soil are responsible factors for CEC. 

Soils with large amounts of clay and soil organic matter have higher CEC than sandy soils with 

low SOM.  Soils with CEC less than 16cmolc/kg, usually highly weathered are considered not to 

be fertile, while fertile soils have a CEC of more than cmolc/kg. Landon (1991) stated that the 
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higher the CEC the more fertile and productive the soil is to be.  Most soils in the Eastern Africa 

region are dominated by kaolinitic type of clay whose CEC values are between 10 and 20 

cmolc/kg (Brady, 2002). CEC was positively correlated with soil pH and available phosphorus. 
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                                                          3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in 2018 on farmers‟ fields at the middle part of Dembecha District, 

West Gojjam Zone of Amhara National Regional State, Ethiopia. It is situated 348 km North 

West of Addis Ababa, 205 km from regional state, Bahir Dar and about 30 km distance from 

Finote-Selam (the West Gojjam Zone Capital). The District includes 25 rural and 4 urban Kebele 

with an area of 97,926 ha and estimated total population of 151,023 (Central Statistical Agency 

in July, 2015).  

Geographically it positioned between 37
o 

11‟00”- 37
o
 38‟51” E and 10

o
 19‟62”- 10

o
 19‟ 21” N 

with elevation of 1021-2516 meters above sea level (masl) (Figure 1). Topographically; the area 

is characterized by 60% flat, 34% mountainous and 6% valley with percentage of soil type of 

65% red, 25% blue and 10% black. The climatic nature of the district is also characterized by 

83% woyina dega, 11% dega and 6% kola with mean monthly temperature in March (29.6 °C) 

and during December-January (12.9°C) (Dembecha District communication Office, 2017). 

Generally the climate is dry sub-humid with a uni-modal rainy season from June to October and 

a mean annual rainfall ranging from 1182.3-1880.9mm. Most of the District is covered by 

Alisols. The other major soils include Nitisols, Cambisols, Fluvisols, Leptosols and Vertisols 

(Gelagay and Minale, 2016). Therefore, accordingly, the general soil nature in the specific study 

area was Nitisol and Alisol. The current study was considered red humic Nitisol, described as 

well drained, very deep, dark reddish brown to dark red friable clay (Gelagay and Minale, 2016). 
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Source : Elias (2016)  

Figure 1. Distribution of Nitisols in the Ethiopian highlands (left side) and location map of the 

Dembecha District (right side) 

                                                             

                                              

                                                                            Source: Gelagay and Minale (2016) 
 

Figure 2. Soil map of Dembecha District  

  

Asteboj Kebele 
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3.2. Current Land Use Systems 

  

From the total area of 97,926 hectare, only 44,951 hectare is suitable for cultivation and 13,498 

hectare of land is covered by forests. Furthermore, the table below shows all the land use status 

of the District (Dembecha District Communication Office, 2017). 

Table 1. Current land use data in Dembecha District 

Land Use System Area (ha) Percentage 

Suitable for cultivation 44,951 45.9 

Natural forest 5,758 5.88 

Potentially uncultivable 7,102 7.25 

Potentially cultivable 638 0.65 

Grazing land 13,209 13.5 

Shrub land 1,880 1.92 

Covered with water 238 0.24 

Other lands 24,150 24.7 

Total 97,926 100 

 

As explained by Dembecha District Communication Office (2017), the local community has 

been implement different techniques to protect their land from erosion and to enhance its 

fertility beyond commonly adopted crop rotation. In the year 2015, level soil  bund was 

constructed on 62,000ha of land, 42.2 km diversion ditches, 18,761 soil micro trench and 8.4 

ha hillside terrace e.t.c. as a soil and water conservation measures.  

 

Asteboj Kebele is one of the 25 rural Kebele found in Dembecha District. The study was taken to 

consideration 3000ha of farmland at Asteboj Kebele, on which level soil bund was constructed 

since 2015. Besides the commonly adopted crop rotation techniques, physical soil and water 

conservation measure mainly level soil bund has been practicing per year in this specific area. 

People in the community have less preference of organic fertilizer over chemical ones. While 

organic fertilizer has a great significance in rehabilitating soil fertility and productivity, still now 

most farmers use much amount of inorganic fertilizer as a means of productivity enhancement. 

This is mainly due to the demand of high labor and long time for preparing huge amount per 

hectare, mainly of compost. However, this causes a decline in fertility status of their lands.  
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3.3. Farming System and Land Management Practices 

3.3.1. Farming system 

 

All farmers have been using traditional and rain fed subsistence-oriented farming system. The 

common farming practices in the area are intensive and continuous cultivation, free grazing and 

overgrazing. Cultivation is mostly practicing on flat lands. Among the crops maize (Zea mays 

L.), wheat (Triticum aestivum L.) and pepper (Capsicum annuum L.) with few faba bean (Vicina 

faba L.) seem to be very promising for many of the farmers in this area. Cereal (maize and 

wheat) and pepper crop productions are the dominant livelihood strategy of all members of the 

farming community in the study area. Maize is the most important food crop (most of the time 

“Tella” ingredients). On the other hand pepper is a major source of income for all most all 

livelihood expenditures. 

Since there is evidence of impending one season annual rainfall coupled with medium increase in 

temperature would reduce soil moisture availability, only one cycle of cropping per year is 

common in the study area. The major crop rotations practiced in the area are from cereal to 

cereal (maize-wheat-maize) and from cereals to non-cereal crops (maize-wheat-pepper or maize 

-wheat-faba bean). Therefore, there is an attractive land management technique with in cropping 

cycle‟s, mainly common traditional crop rotations and recently soil bund has been started. 

However, Continuous maize or maize after maize is also still grown on many farms that have a 

large demand for maize silage and want to drink “Tella” in the year round. 

 

The local people plowed the farmland many times to make the land more suitable for crop 

production through conventional tillage practices. But, the number of plowing repetition varies 

from crop to crop. For example, when they want to produce maize and wheat they plow the 

farmland for 7 to 8 times and to grow pepper farmers plow more than this in addition to other 

special management activities like per week weeding and digging.  Besides, they plow their 

farmlands horizontally; in rare case they plow with some inclined to the counter in order to 

protect the soil from erosion. In general, the study communities have an indigenous 

knowledge about the nature of the soil, suitable crops for the farmland, horizontal plowing 

method and variations in plowing repetitions for different crops. They enabled them to 

manage the land in better ways and to reduce the impacts of the current productivity stresses. 
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Nitrogen (N) and phosphorus (P) in the form of Di-ammonium phosphate (DAP) and urea are 

the major fertilizers widely applied according to farmer‟s recommendation rate. However 

farmers have been started to apply other blended fertilizers like NPS and NPSB since 2017. For 

growing of maize, wheat and pepper applying approximately uniform rate of such fertilizer per 

hectare is commonly adopted by the local farmers. Each forms of soil fertilizer 200kg per 

hectare has been required in two spilt.  Exceptionally, to grow wheat, farmers are going to apply 

a mixture of DAP and urea fertilizer at the time of seeding, while in all cases urea will be 

applied some weeks after planting. Di-ammonium phosphate (DAP), NPS or NPSB is going to 

apply by furrow method alongside with seed for maize and wheat and during transplanting of 

the seedling (i.e. for pepper). In the case of urea fertilizer to the standing crop, side-dressing or 

strip application methods are for maize and pepper crops and foliar application for wheat. 

Exceptionally for pepper crop, urea is applied two times per growing season. An interesting 

concept here is that following of pepper or faba bean growing on a particular land; consequently 

there is a reduction on required fertilizer application from the common traditional standards to 

the next crop growth.  

 

After harvesting the crop, about 15 cm height of wheat straw and all biomass parts of pepper 

crop except fruit, is left on the farmland. However, all parts of maize crop residue is goes to 

home, used as half part (the above) is available to oxen fodder and  the bottom is used as fuel 

wood, mainly baking of “Enjera” and bread.  

3.3.2. Forest protection 

 

Large size lands in the area are covered by different plants such as Eucalyptus (Eucalyptus 

globules), Bisana (Croton macrostachyus), and other indigenous plants. According to the data 

obtained from Dembecha Woreda agricultural Office, nowadays more than 13.8% of the land 

in the Woreda is covered by different plant species. 

 

Before 10 to 15 years, community members were highly destroyed natural forests to expand  

agricultural  lands,  house construction  and  fire,  prepare agricultural equipment‟s, to produce 

charcoal and for other purposes; leads to deforestation, soil erosion and high temperature in the 

area. So, currently it is strictly forbidden to clear forests and cut any plant for any purpose as 

well as agricultural activities.  

  



30 
 

3.3.3. Traditional practices and indigenous knowledge systems 

  

There are different traditional practices which have been transmitted from the previous 

generation to the current ones through different ways such as knowledge   about   farming,   

land   management,   environmental   protection   and adaptation, house construction and others. 

Among the various traditional practices and indigenous knowledge systems: - crop rotation, 

indigenous farming and weather forecasting methods and some off-farm activities are the 

most important ones. 

 

Nowadays, it is very difficult to produce the same crop for the consecutive two or more years 

with the same farmland without changing or rotating it by other crops due to soil erosion and 

land degradation effects. If someone is doing so, the amount of production decreases from time 

to time and it is difficult to produce similar crops more than once in a year. So, currently the 

practice of crop rotation is one of the important and well accepted traditional land management 

strategies as a livelihoods choice.  

 

Commonly the local community cultivated one crop species in one cropping season on 

particular land and changed to other crops for the next season. This helped them to get the 

maximum outputs from the available land in the communities and to utilize the land in a better 

ways without putting a strong pressure on it.  

 

As farmers rarely give a rest to their lands for a year or years to recover its productive 

capacity, it becomes difficult to rehabilitate the productivity of the over-utilized agricultural 

lands by using in-organic fertilizers. Some other techniques like improved seeds, physical soil 

conservation practices and compost application has been started. Furthermore, farmers in the 

study area have awareness about some traditional soil and water conservation practices: - (1) as 

a measure to decrease seed loss, particularly those cereals of fine seed, such as teff, (2) as a 

measure to protect soil from erosion, and (3) as a measure to decrease water logging problems. 

The fallowing traditional practices are the most implemented and adopted as effective 

mechanism to recover the fertility and productivity of the farmlands in the study communities.  

 
Contour farming: - Is a practice of cultivating the land along the contour line in order to reduce 

the runoff on a steep sloping area. It is used alone or in combination with other conservation 

measures such as cut-of-drains. 
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Cut off drains (Traditional Waterways):- Locally known as “Booi”, is one of the physical structures 

commonly constructed by digging the soil deep in order to divert the run off before reaching the 

farmland. 

  

Traditional ditches (“fese”):- Are the widely practiced household-level structural soil conservation 

measures in the study area. They are structures built with the ox plough, and are deeper than the 

normal furrow. 

3.4. Site Selection 
 

From 25 rural Kebele found in Dembecha District, Asteboj  Kebele was purposively selected 

because of such crop rotations are assumed to be present and currently level soil bund has been 

started as a soil and water conservation practice. 

3.5. Preliminary Survey 

 

A preliminary survey was conducted in order to get better information about the general 

overview of study area and the data to be collected. Quantitative research method holds to 

capture necessary input data to the study. Therefore, data collection tools, such as observation 

and soil sampling were used with extensive reference to related studies in line with the goals of 

the study. 

3.6. Treatments and Sampling Design  
 

The experiment involves a two factor treatments (seven crop rotations and conservation 

practice), which are common practices in the area now a day. In all crop rotation treatments the 

initial crop was maize. Rotation treatments were three year monoculture maize, maize with one 

and two year wheat and pepper incorporation. It was also contains faba bean inclusion with 

wheat and pepper. Those treatments were examined in two ways (i.e farmlands only crop 

rotation and with physical soil and water conservation) in randomized complete block design 

(RCBD) with three replications. Altogether (7 crop rotation with and without conservation 

practice x 3 replications = 42 samples) or simply 7*2*3=42 soil samples were taken. Therefore 

the study has a total of forty two composite soil samples for laboratory analysis (Table 2).  
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Table 2. Treatments and replications 

 

Treatments                                              With soil bund                          Without soil bund 

maize-maize-maize (MMM) 3 3 

maize -wheat-maize (MWM) 3 3 

maize-wheat-wheat (MWW) 3 3 

maize-wheat-pepper (MWP) 3 3 

maize-pepper-pepper (MPP) 3 3 

maize-wheat-faba bean (MWFb) 3 3 

maize- faba bean-pepper (MFbP) 3 3 

                                                                           21                                                  21 

3.7. Soil Samples Collection 

 

The selection of the appropriate sampling techniques was based on the un-biasedness and 

resource-fullness of the samples in line with the objectives of the study. Before the start of the 

experiment, a field survey was conducted in consultation with key informants, local development 

agents and Kebele leaders to locate representative sample plots which fulfill the requirements of 

the study. 

The intervention age of cultivated lands treated with soil bund, fertilizer application, slope range, 

cropping system and other management practices were similar, in order to clearly show the effect 

of soil bunds on soil properties.  

Parallel to each crop rotation without any conservation practice, adjacent cultivated lands treated 

with soil bunds that had a similar slope, nature of soil formation, histories and managements are 

identified. Before construction of level soil bund, cereal crops (i.e maize and wheat) were grown 

on farm lands from which soil samples taken. Based on last three years cropping pattern already 

practicing by the local farmers, seven types of crop rotation each containing level soil bund of 

three years old and adjacent farm plots without any conservation measures were selected and 

sampled. The selected crop rotations were identified as a representative of cropping pattern in the 

study area. Surface layer has been the most relevant to assess the impact of management 

practices on soil properties, because surface soils are easily modified directly by cultivation. As a 

result, from each representative experimental farmland, 14 soil samples from depth of 0-20cm 

were taken (by using core a sampler have 5cm diameter and 5cm height) from three points 

starting from each corners and center of a plot using an “X” sampling design (Margesin and 

Schinner, 2005). Then, the collected twelve soil samples from each farmland were mixed 
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thoroughly in a clean plastic bucket to form a composite sample for analysis of target soil 

properties. Parallel to each sample, core samples were taken to determine the bulk density of the 

soil. 

3.8. Soil Samples Preparation and Analysis  

  

The soil samples were taken from topsoil at a depth of 0-20 cm from the experimental farmers 

„field after harvesting of the crop, but before the subsequent cropping season were started. After 

sieving through a 2 and 0.5mm (soil TN and soil OC) sieve, soil samples were send to Debre 

Berhan Agricultural Research Center for analysis. Then different soil properties like texture, bulk 

density, pH, exchangeable acidity, organic carbon, cation exchange capacity, total nitrogen, 

available phosphorus, exchangeable potassium, calcium, magnesium and sodium were analyzed 

following standard laboratory procedures.   

Soil textural analysis was determined by Bouyoucus hydrometer method (Gee and Bauder, 

1979). Soil textural class names were assigned based on the relative contents of the percent sand, 

silt, and clay separates using the soil textural triangle of the soil taxonomy (USDA, 2008). For 

bulk density calculations, undisturbed oven dried soil weights at 105°C for 24 hours were 

recorded and dividing the oven dry mass to the total volume (Black, 1965).  

  

Soil pH was determined using a pH meter with a suspension of 1:2.5 soils to water ratio using a 

glass-calomel electrode (Van Reeuwijk, 1992). Wet digestion method was used to determine soil 

carbon content with reduction of potassium dichromate by organic carbon compound and 

determined by reduction of potassium dichromate by oxidation reduction titration with ferrous 

ammonium sulfate; then soil OM contents are estimate from the OC content by multiplying with 

1.724 (Walkeley and Black, 1934). Total N content was determined using the Kjeldahl digestion, 

distillation and titration method (Dewis and Freitas, 1975). The soil available P content also 

analyzed by 0.5M sodium bicarbonate extraction solution (pH 8.5) method of Olsen as described 

by Reeuwijk (Van Reeuwijk, 1992).  

Exchangeable cations and CEC (cmolc/kg) were determined by Ammonium Acetate method at 

pH 7. In the leachate; Exchangeable Ca
2+

 and Mg
2+

 were determined using Atomic Absorption 

Spectrophotometer (AAS) and Na
+
 and K

+
 by flame photometer as outlined by Van Reeuwijk 

(2006). Exchangeable acidity was determined by saturating the soil samples with potassium 

chloride solution and titrated with sodium hydroxide as described by Mclean (1965).  
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3.9. Data Analysis 
  

The laboratory data obtained from the soil sample was statistically analyzed by using the GLM 

procedure with two way analysis of variance (ANOVA) by using SAS version 9.4 software to 

examine the effects of treatments on the selected soil properties. Mean difference among 

treatments were adjusted by Duncan‟s Multiple Range Test. Correlation was used to indicate the 

strength of association between variables (SAS, 2012).                                                       
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4. RESULTS AND DISCUSSIONS 
 

The effects of crop rotation and conservation practice on various soil physico-chemical 

properties were discussed. The results obtained from the analysis of variance indicated that crop 

rotation had significant (p<0.05) effects on all pre-determined parameters except. However, 

conservation practice does not affect all the three soil separates. Also all studied soil properties 

except bulk density, cation exchange capacity and carbon to nitrogen ratio were also significantly 

(p<0.05) affected by the interaction of crop rotation and conservation practice.  

4.1. Soil Physical Properties   

4.1.1. Bulk density (BD) 
 

A significant (P < 0.05) effect in the mean value of bulk density was observed under all crop 

rotations and conservation practice (Table 3). However the interaction of crop rotation by 

conservation practice did not significantly (P>0.05) affect bulk density. There was a slight 

difference in mean values of bulk density among crop rotations (1.02-1.06g/cm
3
). The land 

rotated with maize-wheat-faba bean exhibited relatively high mean bulk density (1.06g/cm
3
) than 

the other crop rotations (i.e ranged from 1.02-1.04g/cm
3
) (Table 3).  All the values of bulk 

density were below the critical values for agricultural lands (1.4g/cm
3
) as suggested by Hillel 

(2004); which indicates that the absence of excessive compaction or restrictions for root growth.  

 

The reason in high bulk density under maize-wheat-faba bean might be due to farmlands leave 

for growing of faba bean are not going to plough more than two or three times a year ( low 

tillage intensity); results high surface compaction associated with little pore space due to 

shortage of soil disturbance.  The result was in-line with the study conducted by Halvorson et al. 

(2002), who reported that the increased bulk density under no or minimum tillage ascribed to the 

lack of mechanical fracturing of the soil. In this study, among crop rotations, relatively low bulk 

densities of 0.99g/cm
3
 were recorded on soil samples taken from maize-faba bean-pepper. 

Besides organic matter residue from pepper crop, a reduction in bulk density under maize-faba 

bean-pepper might be less compaction likely due to plowing of the land many times (high tillage 

intensity) to plant pepper seedling. Tillage mechanically disrupts the soil, incorporating the crop 

residues throughout the surface. The less dense soil OM from the crop residues coupled with 

open pore spaces left behind by the tillage process would lead to reduced bulk density. This 

implies that a higher number of plant roots, higher quantities of organic matter and sediments 
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accumulated in the pepper growing area that might have resulted from litter fall from standing 

crop and residue left after harvest.  

 

Considering to main effects of conservation practice, farmlands conserved and un-conserved 

with soil bund showed mean value of bulk density 0.99 and 1.04g/cm
3
 respectively (Table 3). 

Lower bulk density was recorded on conserved farmlands. This result was in-line with a previous 

study conducted by Mulugeta and Stahr (2010), in South Gonder, north-western highlands of 

Ethiopia, observed that bulk density of the topsoil sampled in conserved lands exhibited lower 

bulk density than the non-conserved lands. The other reason might be the presence of higher 

organic matter resulted from conservation measures and decay of plant residues under conserved 

farmlands; a cause for lower mean value of bulk density than non-conserved. The result was also 

supported by the study Abay (2016) who indicated that the effects physical soil and water 

conservation measures on selected soil properties in central and northwestern highlands of 

Ethiopia.  

4.1.2. Soil texture 
 

 

Soil texture or soil separates were significantly (p<0.05) affected by crop rotation, conservation 

practice and their interaction (Tables 3 and 6). The soil textural class in the study area was clay 

with high mean value of clay content ranging from minimum 60.67% under continuous maize to 

maximum 76.33% under maize-pepper-pepper followed by maize-wheat-pepper 73.83% across 

all crop rotations (Table 3).  

 

Soils taken from continuous maize was showed relatively high percentage of sand particles 

(19.67). The reason might be due to ploughing of the land on which the crop is standing, 

traditionally called “madager” mainly as a management of standing crop. Since, the activity is 

performing at wet season, soil particles become contact each other and build a very large 

aggregate. Consequently, when rainfall is come, time-based coarser particles will develop from 

these large aggregates.  

 

Soils taken farm land on where pepper crop was grown contained the highest proportion of clay 

and a low percentage of sand compared with other rotations. Even if the textural class of all 

treatments was clay, the relatively high clay content under the maize-wheat-pepper (78.35%) and 

maize-pepper-pepper (76.33%) rotation were likely due exposed of clay soil separates through 

per week special managements of such farm fields like weeding and digging until harvesting 
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season is reach. These management activities may also initiate continuous erosion of surface soil 

layer and consequently clay separates will be exposed to the surface. In-line with the study 

conducted by Schaetzl and Anderson (2005), the result showed, although texture is an inherent 

property of the soil and not changed within short period of time, there will be slight variation of 

sand, silt and clay fraction between crop rotations and with and without conservation practice. 

The result was in-line with the study Jamala and Oke (2013) reported that soil texture is intrinsic 

soil property, but intensive cultivation could contribute to the variations in particle size 

distribution at the surface horizon of cultivated land. 

 

Considering the main effect of conservation practice, percentage of clay under conserved and un-

conserved farmlands was 69.14% and 68.33% respectively. The relatively high clay content in 

the conserved farmlands could be due to continuous deposition of arriving sediments, which led 

to exposure build-up of the clay-rich soil (Table 3). This result was in contrast with the study 

conducted by Mulugeta and Stahr (2010), indicated that lands conserved by physical soil and 

water conservation measures revealed a top soil texture of clay loam, whereas the non-conserved 

land was relatively dominated by clay. However, the results of the study was somewhat similar 

with the findings Wolka et al. (2010) reported that in the soil bunds aged 4 year showed that 

relatively greater clay content was observed as compared to its adjacent non- conserved crop 

lands. 
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Table 3. Mean values of soil bulk density and the three soil separates percentage in response to 

crop rotation treatments and conservation practice 

Means followed by the same letter(s) within the same treatment group are statistically the same and showed no significant   difference by DMRT 
(p < 0.05). *,**,***, and NS showed significant differences at 0.05, 0.01, 0.001 probability  levels and non-significant differences, respectively. 

mmm, mwm, mww, mwp, mpp, mwfb and mfbp refers to continuous maize maize-wheat-maize, maize-wheat-wheat, maize-wheat-pepper, 

maize-pepper-pepper, maize-wheat-faba bean and maize-faba bean-pepper respectively. 

 

The other reason to relatively lower mean value of clay under non- conserved farmlands might 

be resulted from that clay materials are fine particles that can be easily transported to other areas, 

unless different conservation measures are applied. Similar result was reported by Mengistu et 

al. (2015) indicating that in all landscape position with conservation practice shown higher clay 

content than non-conserved. Furthermore, the high sand and low clay content under continuous 

maize and un-conserved farmland indicates that minimum or no any soil intervention activities 

once seeding up to harvesting and higher extent of finer particles erosion in the study area 

respectively.  

Considering the interaction effect of crop rotation by conservation practice, crop rotation where 

pepper was included (maize-wheat-pepper and maize-pepper-pepper rotations) plus conservation 

practice showed high clay percentage 75.3% and 77% respectively (Table 6). The probable 

reason for such result may be due to construction of soil bund along the contour to reduce 

erosion and siltation of fine soil particles and impose to build up on site, because of such 

farmlands will have high clay percentage due to high intensity interventions. In parallel 

interaction effect of crop rotations by un-conserved farmlands maize-wheat-pepper and maize-

Treatment                          BD                        Sand                     Silt                        Clay   

                                          (g/cm
3
)                                                   (%) 

Crop Rotation (CR) 

MMM                   1.02
b
                       19.67

a
         19.67

c
              60.67

e
           

MWM                               1.02
b
                       14

b
                        16.83

d
                    68.83

c
          

MWW                                 1.04
b
                       14

b
                    21.17

b
                    64.83

d
         

MWP                                  1.03
b
                       8

d
                    18.17

d
                    73.83

b
           

MPP             1.03
b
                       6.67

d 
                    17

d
                         76.33

a
     

MWFb             1.06
a
                       11

c
                    24.83

a
                     65.67

d
            

MFbP             0.99
c
                       11.83

c
                    18.17

d
                     71

c
           

 

Con. Practice (CP) 

Conserved            1.01
b
                        11.8

a
                      19.43

a
               69.14

a
                  

Un-conserved            1.04
a
                        12.47

a
                    19.38

a
               68.33

a
                 

 

CR             **                            ***                        ***                         ***           

CP                                     ***                           NS                          NS                  NS     

CV(%)           1.91                          11.06                      5.81                 2.78                 
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pepper-pepper rotations also showed 72.3% and 75.7% of clay content respectively. Therefore 

inclusions of pepper crop under crop rotations of a given farmland are advantageous to increase 

percentage of clay and associated clay dependent soil properties. 

4.2. Soil Chemical Properties   

4.2.1. Soil reaction (pH)  
 

There was a significant (p<0.05) effect of crop rotation, conservation practice and their 

interaction on soil pH (Tables 4 and 6). According to the rating Foth and Ellis (1997), the pH 

value of all studied farmlands in the study area were classified as acidic (maize-wheat-pepper 

and maize-pepper-pepper) to moderately acidic. All of the soil samples had pH-H2O less than the 

critical level of plant growth (6.5-8.5) given by Landon (1991). The soils in the study area were 

generally acidic (Table 4); this was expected since the inherent soils in the study area, the 

Nitisols and Alisols, are acidic in nature. Soil samples taken from maize-wheat-pepper rotation 

was the most acidic (4.88) followed by maize-pepper-pepper (4.98) with the greatest pH was 

recorded under maize-wheat-faba bean rotation (5.44) (Table 4).  

 

The two rotations that contain pepper had the most acidic pH value as compared to other 

rotations. The relatively low value in the pH of two rotations where pepper crop was included 

might be related to the excess use of applied nitrogen fertilizers more frequently in pepper 

cultivated lands than in the other rotations, beyond uptake capacity (i.e. three times per cropping 

season). Continuous use of ammonium based fertilizers such as di-ammonium phosphate 

(NH4)2HPO and Urea (NH2)2CO. Continued use of nitrogen containing fertilizers seems to have 

contributed to increased exchangeable acidity as well as accentuating the uptake and deficiency 

of other nutrients such as potassium that is not supplied in the fertilizer application. In such 

cereal based cultivated fields, which upon its oxidation by soil microbes produces strong   

inorganic acids. These strong acids in turn provide H
+
 ions to the soil solution that in turn lower 

soil pH. Acidic nature of Nitisol was also reported by Yihenew (2002). Thus, it is relevant to 

raise the soil pH through liming to increase crop productivity of the study areas. 

 

The other reason might be decaying active organic matter and numerous release of 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. Several organic acids are also 

produced by decaying organic matter, but they are also weak acids. Like rainfall, the contribution 
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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 (Slatter and 

Hollier, 2002). 

Hulugalle and Weaver (2005) also showed that a decrease in pH is among the short term changes 

of soil properties that result from the production of organic acids during the decomposition of 

crop residues. The humid climatic conditions also might have resulted in increased microbial 

oxidation to produced organic acids, which provide H
+
 to the soil that can also contribute 

towards low soil pH (Schaetzl and Anderson, 2005). Furthermore, according to Buol et al. 

(2011), Nitosols are developed from volcanic parent materials such as rhyolites, granite, 

trachytes, ignimbrites, andesites and some acidic basalt that produce inherently acidic clays.  

 

Reduced acidification under rotations with faba bean is related to very low amount of nitrogen 

fertilizer has been applied in a given farmland to grow faba bean. The result was similar with the 

previous study conducted by Divito et al. (2011) indicated that soil acidity reduces due to more 

frequent faba bean and therefore less nitrogen fertilization has been used. Furthermore, since 

legumes trap more cations at growing stage and back released of those cations after harvesting. 

The result was in-line with the study Nuruzzaman et al. (2005) revealed that faba bean residues 

may cause a long-term and significantly higher pH increase compared with wheat residues 

However, the result was in contrast with the finding Helyar and porter (1990), states that 

legumes can increase soil acidity through increase in soil organic carbon, N-fixation and 

subsequent oxidation of such organic N followed by leaching of nitrate. 

 

From all crop rotations, an interesting third rank result of high soil pH value (5.34) was recorded 

under continuous maize (i.e. the control). The reason in relatively  high soil pH under three year 

continuous maize might be “madager”/shilshalo/ ploughing practice, some weeks after 

emergence  (i.e. within the standing crop), purposively for second time weeding. Consequently 

the furrows create favorable conditions to maize roots; enhance ability to take the applied 

fertilizer before acidity is formed from nitrification process and also reduce leaching of nitrate. 

Such result was contradicts the study conducted by Karlen et al. (1994) who revealed lower pH 

under continuous corn compared to other crop rotations including legumes.   

 

Considering to the main effect of conservation practice, farmlands conserved with soil bund 

indicated that higher soil pH value (5.34) than the un-conserved one (4.97) (Table 4). There was 
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an increase in mean soil pH across the conserved farmlands from non-conserved with soil bund. 

The relative decrease in soil pH of un-conserved farm land can be attributed to the extent of soil 

erosion or the leaching of bases and as a result of climatic factors beyond type of parent material, 

which is similar across the sampled fields. Such result was in-line with the finding Birhane et al., 

(2016). The mean pH for the sampled soils in this study showed minor difference among the 

conserved and un-conserved farmlands with soil bund (Table 6). 

 

Considering to interaction effect of crop rotation by conservation practice, three year continuous 

maize and maize-wheat-faba bean plus soil bund showed high pH value (5.6), while low pH 

values 4.8 and 4.83 were recorded under maize-wheat-pepper and maize-pepper-pepper rotations 

respectively plus un-conserved (Table 6). This indicates more cation containing residue was 

retained through construction of soil bund in the area. 

4.2.2. Available phosphorus (Av.P) 

 

There was a significant (p<0.05) effect of crop rotation, conservation practice and their 

interaction on soil available P (Tables 4 and 6). The results indicated that there were significant 

differences among the crop rotations. Phosphorus concentrations were varied across crop 

rotations with mean 6.09, 7.23, 7.78, 7.79, 7.95, 8.37 and 10.21ppm under maize-wheat-wheat, 

maize-pepper-pepper, maize-wheat-pepper, maize-wheat-faba bean, maize-faba bean-pepper, 

maize-wheat-maize and continuous maize respectively (Table 4). According to Clements and 

McGowen (1994), the mean values of available P (Olsen P under heavy clay soil) under each 

crop rotation, conservation practice and their interaction were recorded at low rate. 

 

According to Brady (1990), the optimum P availability in the soil is when soil reaction (pH) 

range is between 6 and 7. The pH in the current study ranged from 4.88 to 5.44ppm, indicating 

there is P fixation that leads to low availability. A probable reason in relatively high level of 

available P was recorded under continuous maize (10.21ppm), was due to the slightly acidic 

condition of the soil taken from such farmlands. Relatively low amount of available P (6.09ppm) 

was recorded under maize-wheat-wheat rotation (Table 4). In-line with the study conducted by 

Osman (2013), the reason for such low available P might be resulted from high exchangeable 

acidity that P is combined with Al, Fe, and Mn as their polyphosphates and becomes fixed. 

Similar study also conducted by Nair and Chamuah (1993) revealed that the low level of 
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available phosphorous in the study area might be due to its fixation by Al and Fe, as their 

presence is expected at the pH values of the soils of the study area. 

 

High phosphorous sorption capacity of Nitisol under all land use types was also reported by 

WRB (2006). Even if the observed slight differences in crop rotations could be attributed to the 

variation of residual P in the inorganic fertilizers that have been applied over time. The relatively 

high level of available P under continuous maize might be deep rooting character of maize crop 

helps to better distribution of available P from bottomless within the soil profile to the soil 

surface, where plant roots have better access to them. 

 

Amount of available P was relatively good under crop rotations on which faba bean was 

included. This might be due to large organic acids released from roots of faba bean can helps to 

mobilize P from soil P pools which makes available to plants that do not possess this adaptation. 

The main reason for such condition will be Al
3+

 ions form more stable complexes with organic 

acids and P becomes free in the soil. The result was in-line with the study Nuruzzaman et al. 

(2006) revealed that certain legume crops, including faba beans, exude large amounts of organic 

acids into the rhizosphere. Under such conditions, these exudates can help to mobilize P from 

soil P pools and increase its available.  

 

Considering to conservation practice, a relatively high mean value of available P was recorded 

under farmlands treated with soil bund (9.31ppm) than un-conserved (6.53ppm) in the study area 

(Table 4). The higher erosion due to high runoff at the time of peak rainfall might have 

accredited to relatively small amount of available P in un-conserved farmlands. This implies that 

conventional practices of farmers to apply nitrogen containing fertilizers with top or side 

dressing method to the crop after emergence. Then when the rain becomes at peak, results in 

wash out of the applied fertilizer through runoff. However, construction of soil bund reduces 

removal of some of the applied fertilizer from the farmland.  

 

Smeek (2003) also confirmed that the low levels of available P might be due to constant removal 

of soluble phosphorus from the root zone by plant roots, surface transport through erosion and 

eluviation. Gete (2000) also mentioned that the presence of higher storms in June, July and 

August associated with poor land management factor that cause‟s severe soil erosion from un-

conserved farm fields in Dembecha District. This condition could also lead to the removal of 

available P including other nutrients from the top soil. 
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4.2.3. Soil organic matter (Soil OM) 

  

Soil organic matter was significantly (p<0.05) affected by crop rotation, conservation practice 

and their interaction (Tables 4 and 6). According to Charman and Roper (2000), the analysis of 

variance indicated there was high content of soil OM recorded in all crop rotation treatments 

with cereals and legumes. Maize-wheat-pepper and maize- pepper-pepper rotations record 

highest OM contents (2.93 and 2.97%) respectively. The reason might be roots and other 

biomass of pepper crop is going to decay slowly through various forms of active soil OM that 

further tend  to stabilize soil aggregates and supply a slow release of  nutrients.  

 

Such result was in contrasts with the study conducted by Yihenew (2002) who indicated that 

most cultivated soils of Ethiopia, in general, are poor in their OM content due to low amount of 

organic materials applied to the soil and complete removal of the biomass from the field. 

However, the result was in-line with the study accompanied by Shimeles et al. (2006) and 

Wakene and Heluf (2001) reported that high OM was observed under Nitisol. The surface soils 

of Nitisol may also contain high percent of organic matter (WRB, 2006). The highest values of 

OM content could be because of high amount of rainfall that reduces the rate of organic materials 

decomposition in the study sites. 

 

With regard to conservation practice, the soil OM content under the non-conserved plots was 

significantly lower than conserved farmlands. The relatively percentage of soil OM occurred in 

non-conserved plot (4.77%), while the highest (4.9%) soil OM showed conserved with soil bund 

could be attributed to the presence of significantly higher OM deposition as a result of 

conservation practice (Table 4). The result agrees with the finding of Abay et al. (2016), who 

reported that non-conserved lands had significantly lower soil OM as compared to the conserved 

lands treated with different conservation measures. Wolka et al. (2011) also stated that soil and 

water conservation with soil bund reduces surface runoff and soil loss, retain water that enhances 

crop growth and contributes to soil OM input. 

 

Considering to the interaction effect of crop rotation by conservation practice, the analysis of 

variance showed significant difference in soil OM under all crop rotation treatments plus 

conservation practice from adjacent farmlands without any conservation practice except maize-

faba bean-pepper (Table 6). This finding infers that construction of soil bunds enables the 
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incorporation of OM from the upcoming residue loaded runoff into the soil and as a result 

contributes to soil fertility enhancement. 

Soil organic carbon (soil OC) was significantly (p<0.05) affected by crop rotation, conservation 

practice and their interaction (Tables 4 and 6). According to Fairhurst (2012), the critical limit 

for soil OC is 1.5 %, therefore the soil OM in all treatments of this study were above the 

optimum critical level. The OC content of the soils of various crop rotations varied from 2.66-

2.97%. The mean value was significantly high under maize-pepper-pepper (2.97%) followed by 

maize-wheat-pepper (2.93) and low in maize-wheat-wheat (2.66%) and in continuous maize 

(Table 4). Soils of being rich in very high content of clay and high leave residue from pepper 

crop, is essential to maintain high levels of organic matter in the soils and associated soil organic 

carbon. Continuous and intensive cultivation of maize leading to high crop biomass removal 

might be the reason for relatively low OC content. A large increase in soil OC level for crop 

rotations compared to a monoculture maize system was found by (Gregorich et al., 2001). 

 

The relative increase in soil OC in the rotation where pepper crop was included can be attributed 

to the slower decomposition rate resulting in accumulation of soil organic matter. A study 

conducted by Sakala et al. (2000) showed that under high input commercial agriculture with 

large additions of NPK fertilizers, soil OC can increase in the long term.  McDaniel et al. (2013) 

also examined the influence of rotation types and management practices on carbon and nitrogen 

dynamics. Adding diverse crops and legumes in rotation compared to a monoculture increased 

soil carbon by 3.6 % and total nitrogen by 5.3 %. 

 

Furthermore, such result was in-line with the study conducted by Huang et al. (2002), since  

OC and total N are stoicheometrically linked in soil OM, a greater content of soil OM were 

invariably led to an increase in soil OC and total N under rotations where pepper and faba bean 

were included over time. 

 

In a typical crop rotation, fresh residue seldom mixes at the same time to cause soil OM increase. 

However, it can mix with more decomposed residue fragments from the previous year‟s crop, 

creating a soil environment where microbes have access to a diversity of carbon resources. 

Furthermore, fresh crop residues can also mix in a variety of ways on the farm including (but not 

limited to): intensive tillage and trapping through established physical soil and water 

conservations on the existing farmlands. 
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Table 4. Mean values of soil pH, available phosphorus, total nitrogen, organic carbon, organic 

matter and C:N ratio in response to crop rotation treatments and conservation practice 

Treatment                         pH                   Av.P             TN           OC              OM              C:N ratio 

                 (1:1.5 H2O)            (ppm)                                        (%) 

 

Crop Rotation (CR) 

MMM                              5.34
a
            10.21

a
           0.23

d
 2.63

d
         4.53

d
           11.41

d
 

MWM                              5.15
b
             8.37

b
            0.23

d
        2.7

c
           4.66

c
           11.74

c
 

MWW                              5.08
b
             6.09

e
            0.21

e
        2.66

cd
        4.58

cd
          12.66

a
 

MWP                                4.88
d
             7.76

c
            0.24

c
        2.93

a
          5.05

a
           12.2

b
 

MPP                                 4.98
c
             7.23

d
            0.25

c
        2.97

a 
         5.12

a
           11.9

b
 

MWFb                              5.44
a
             7.79

c
            0.26

b
        2.85

b
          4.91

b 
          10.96

de
 

MFbP                                5.4
a
             7.95c            0.28

a
        2.91

a
         5.02

ab
          10.4

e
 

 

Con. Practice (CP) 

Conserved                        5.34
a
            9.31

a
             0.25

a
       2.84

a
           4.9

a
            11.36

b
 

Un-conserved          4.97
b
            6.53

b
             0.23

b
       2.77

ab
         4.77

b
      12.04

a
 

 

CR                                    ***             ***               ***          ***             ***              *** 

CP                                     ***             ***               * **          **              ***              ***

  

CV(%)                             1.52             4.02             1.71         1.91            3.26             2.39 
Means followed by the same letter(s) within the same treatment group are statistically the same and showed no significant difference by DMRT 
(p < 0.05). *,**,***, and NS showed significant differences at 0.05, 0.01, 0.001 probability  levels and non-significant differences, respectively. 

4.2.4. Total nitrogen (TN) 

 

Percentage of soil total N was significantly (p<0.05) affected by crop rotation, conservation 

practice and their interaction (Tables 4 and 6). The mean total N values, 0.21 - 0.28% for all 

treatments, were rated as medium based on the ratings of Landon (1991). The reason for 

optimum content of total N in the area might be because of under rotation of various crops, crop 

residues are mechanically disturbed through tillage and exposed to soil microorganisms. This 

stimulates decomposition and can lead to an increase in soil total N as well as organic carbon. 

Even if all the treatments showed medium percentage of total N, there was variation of the 

values among some treatments ranges from 0.21-0.28% under maize-wheat-wheat and maize-

faba bean-pepper rotation respectively. Rotations on which faba bean was incorporated 

frequently (maize-wheat-faba bean and maize-faba bean-pepper) showed high percentage of total 

N 0.26 and 0.28% respectively compared to other crop rotations, although had intermediate 

values, including farmlands conserved with soil bund (0.25%) (Table 4).  

This result was in contrary with Jagadamma et al. (2007) reported that greater total N under three 

year continuous maize than a corn soya bean rotation in the surface 20 cm. Supporting nutrient 
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availability through crop rotation can mean fewer fertilizer inputs and lower costs. For example, 

adding legumes like faba bean, soybean or alfalfa to a rotation has the potential to increase the 

soil N available for grain crops (Mallarino and Rueber, 2006). Okpara and Lgwe (2014) 

indicated that legume- cereal rotations gave higher soil N than continuous maize whether there 

was addition of residues or not. The “N credit” under rotations where faba bean was included is 

likely due to biological nitrogen fixation through its roots and root exudates increasing the pool 

of easily mineralized organic N also similar with the explanation revealed by (Murrell, 2011). 

Such result was supported by the study Kirkegaard et al. (2008) revealed that soils on which 

cereals was grown derive nitrogen benefits from rotations with grain legumes compared with 

cereal monoculture. 

 

The increase in percentage of total N under maize-wheat-faba bean and maize-faba bean-pepper 

rotations were also supported by Huang et al. (2002), stated that incorporation of increase soil 

total, since legume biomass decompose faster (low C:N ratio) than non-legumes (high C:N 

ratio). However, maize-wheat-wheat rotation showed low percentage of total N (0.21) compared 

to other rotations. This might be due to nature of straw reach in organic carbon. Organic matter 

rich in carbon provides a large source of energy to soil microorganisms. Consequently, it brings 

population expansion of microorganism and higher consumption of mineralized N. 

 

Considering to conservation practice, the statistical analysis revealed that mean values of total N 

percentage under conserved and un-conserved farmlands were 0.25 and 0.23% respectively 

(Table 4). The result was in-line with the study conducted by Million (2003), found that the 

mean total N content of the site conserved and un-conserved with terrace in various slop classes, 

the non-conserved land had the smallest mean value of total nitrogen. Similarly Abay et al. 

(2016) and Mulugeta and Karl (2010) also identified higher total N content in farm plots with 

physical conservation measures as compared to the un-conserved lands. 

Considering to the interaction effect of crop rotation by conservation practice, maize-wheat-

pepper, maize-wheat-faba bean and maize-faba bean-pepper rotations plus conservation practice 

showed relatively high percentage of total N with mean values 0.26, 0.27 and 0.28% 

respectively. However, relatively low percentage of total N was recorded under maize-wheat-

wheat and maize-wheat-maize rotations without conservation practice with mean value of 0.2 

and 0.23% respectively (Table 6). Therefore, physical soil and water conservation measure 
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implemented over farmlands with N fixing crop have indicated higher total N compared with 

other treatments.  

4.2.6. Carbon to nitrogen ratio (C: N ratio) 

 

Crop rotation and conservation practice significantly (p<0.05) affects C:N ratio but their 

interaction does not affect. Even if C: N ratio was varied slightly across rotations, it ranges from 

10.4 to 12.66 under maize-faba bean-pepper in maize-wheat-wheat respectively (Table 4). The 

relatively high amount of nitrogen under rotations where faba bean was included might be a 

cause to low C:N ratio. However, C:N ratio was relatively high under rotations where wheat was 

included; due to high contents of carbon on wheat straw.  

 

The result was supported by McDaniel et al. (2016) reported residue from rotations where wheat 

was included had a wider C:N and had more lignin than the other rotations. Conversion of 

carbon in crop residue and other organic materials applied to the soil into decomposed form 

through micro-organisms requires nutrients mainly nitrogen. Consequently, the contents of total 

N becomes low and causes high in C:N ratio of the soil. In general, low soil C:N ratio values 

across locations indicated a potential for the soil organic matter in these systems to provide some 

nitrogen to the crop.  

 

Considering to conservation practice, there was a slight decrease in C:N ratio of farmlands 

conserved with soil bund (12.04) than un-conserved (11.36) (Table 4). This might be because of 

the existing conservation practice create satisfactory conditions in terms of moisture content and 

necessary nutrients to micro-organisms in order to easily decompose the carbon containing 

components. 

 

Although rate of decomposition was not measured in this study, the relatively high C:N ratios 

was an indicative of somewhat depressed microbial decomposition of OM and N-mineralization 

under maize-wheat-wheat rotation. Further, these traditional crop rotation systems might be exist 

with low contents of total nitrogen and adversely affecting soil microorganisms which remains 

subject for further research in the study area. 
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4.2.6. Exchangeable acidity (Ex. acidity) 

 

Soil exchangeable acidity was significantly (p<0.05) affected by crop rotation, conservation 

practice and their interaction (Tables 5 and 6). The mean values were ranged from low 

(2.02cmolc/kg) under continuous maize to high (4.12cmolc/kg) under maize-wheat-wheat 

rotation (Table 5). The high value of exchangeable acidity under maize-wheat-wheat rotation 

might be due to application of urea fertilizer at the time of sowing, while it may not properly 

used early by the seed to start its growth formation.  

 

Considering to conservation practice, farmlands conserved with soil bund showed relatively low 

contents of exchangeable acidity (2.15cmolc/kg) than un-conserved one (2.82cmolc/kg) (Table 

6). This might be due to the concentration of basic cations in the soil was high due to 

construction of soil bund otherwise going to be removed through erosion from the area. 

 

Considering the interaction effect of crop rotation by conservation practice, the lowest 

exchangeable acidity mean value (1.71cmolc/kg) was recorded under maize-wheat-maize 

rotation of the treated cultivation land, whereas the highest (4.89cmolc/kg) was observed maize-

wheat-wheat rotation of the farmland plus conservation practice (Table 5). Generally, the study 

revealed values of exchangeable acidity were lower under conserved farmlands than un-

conserved across all crop rotations. 

 

The study showed, even if it was not addressed in this study, exchangeable Al
3+

 toxicity has been 

expected in the study area, since the pH of the soil was between 4-5.5, as described by Nair and 

Chamuah (1993). He reported that the concentration of H
+
 in soils to cause acidity is pronounced 

at pH values below 4. 

 

4.2.7. Cation exchange capacity (CEC)  

 

CEC was significantly (p<0.05) affected by crop rotation and conservation practice However it 

was not significantly (p>0.05) affected by their interaction. The value of CEC among various 

crop rotations varied from 45.17-49.47 cmolc/kg. The mean value was high under maize-faba 

bean-pepper (49.47cmolc/kg) followed by maize-wheat-faba bean (48.57cmolc/kg) and low under 

maize-wheat-wheat (44.05cmolc/kg) (Table 5). Following Hazelton and Murphy (2007), the 

rating of CEC greater than 40cmolc/kg as very high, 25 to 40cmolc/kg as high, 12 to 25cmolc/kg 
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as medium and 6 to 12cmolc/kg as low and less than 6cmolc/kg as very low, soils of the study 

area could be regarded as very high CEC. 

 

The high clay fraction along with soil OM may attribute to high rate of soil CEC in the study 

site. The result was in-line with the study conducted by Fasil and Charles (2009) who reported 

that the amount of clay and amount of organic matter present in the soil are responsible factors 

for increase in soil CEC. The variations in the CEC among crop rotation can be attributed to the 

amount of existing organic matter in the soil. It is a general truth that both clay and colloidal OM 

have the ability to absorb and hold positively charged ions. Thus, soils containing high clay and 

organic matter contents have high cation exchange capacity. The result was also supported by 

Mclean et al. (1983) observed that clay soils with good OM content will have a high CEC value 

than soils that are sandy.  

 

However if the soil has a small percentage for instance 1% organic matter, its contribution to the 

CEC is insignificant. Furthermore, such increase in CEC also might be due to adsorption of 

micro-nutrients on the exchange site. This rare phenomenon was identified by (FAO, 2006), 

reported that low soil pH induces increase in micronutrient contents (Fe
2+

, Mn
2+

, and  very low 

Zn
2+

) in Nitosol that may eventually lead to root toxicity unless soil pH is corrected through 

liming. With respect to CEC, as indicated by Fasil and Charles (2009), soils have a CEC of more 

than 24cmolc/kg is fertile, the soil in the study area was considered as fertile.  

 

Considering to conservation practice, mean value of CEC was relatively higher under conserved 

farmlands (48.3cmolc/kg) than un-conserved (46.87cmolc/kg) (Table 5). The reason might be due 

to presence of slight increase in amount of clay mineral and OM under conserved farmlands as a 

result of some deposition. This result was in-line with the study conducted by Bezabih et al. 

(2016) reported that cultivated lands conserved with soil bund showed higher value of CEC than 

un-conserved under three slope positions. 

 

4.2.8. Exchangeable bases (Ex. bases) 

The analysis of variance revealed there was significant (p<0.05) effects of crop rotation,  

conservation practice and their interaction in all exchangeable bases (Ca
2+

, Mg
2+

, K
+
 and Na

+
) 

(Tables 5 and 6). Although no significant differences were detected in Ex.Mg
2+

 values among 

rotations yet, significant differences were found in other three exchangeable bases (Table 6). The 
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general trend in all the cropping sequences was indicated that the content of all exchangeable 

bases were relatively higher in crop rotations treatments than mono-cropping.  According to 

Metson (1961), the values of exchangeable bases were found at high rate (Ca
2+

 and Mg
2+

) and 

moderate to high (K
+
 and Na

+
) (Table 5). Considering to the interaction effect of crop rotations 

by conservation practice, all exchangeable bases except exchangeable Na
+
 showed a relative 

increase under all crop rotations plus conservation practice (Table 6). 

Table 5. Mean values of exchangeable acidity, cation exchange capacity and exchangeable bases 

in response to crop rotation treatments and conservation practice 

Treament                Ex.acidity      CEC            Ex.Ca       Ex.Mg           Ex. K           Ex.Na   

                                                                    
cmolc/kg

        
Crop Rotation (CR) 

MMM     2.03
e
             45.17

f
           10.29

d
 6.00

b
 0.36

f
             0.45

d
 

MWM     2.23
c
    46.73

e
           11.57

c
 6.48

a
 0.8

e
 0.48

cd
 

MWW     4.12
a
    48.05

bc
          12.17

c
 5.88

b
 2.03

a
 0.49

c
 

MWP     2.04
e
    47.5

cd
            11.59

c
 6.03

b
 1.64

b
 0.62

b
 

MPP     2.53
b
    48.03

bc
          13.87

b
 6.03

b
 1.58

c
 0.68

a
 

MWFb     2.27
c
    48.57

b
           14.22

b
 6.02

b
 1.29

d
 0.65

b
 

MFbp     2.16
d
    49.47

a
           15.28

a
 6.17

b
 1.27

d
 0.65

b
 

 

Con. Practice (CP) 

Conserved    2.15
b
   48.3

a
            13.53

a
  6.89

a
 1.46

a
 0.2

b
 

Un-conserved    2.82
a
   46.87

b
          11.61

b
  5.28

b
 1.11

b
 0.56

a
 

 

CR    ***   ***                ***   ***               ***    *** 

CP    ***   ***                ***              ***  ***               *** 

CV(%)    1.96   0.99               3.16   3.91              2.24              4.49 
Means followed by the same letter(s) within the same treatment group are statistically the same and showed no significant difference by DMRT 

(p < 0.05). *,**,***, and NS showed significant differences at 0.05, 0.01, 0.001 probability  levels and non-significant differences, respectively. 

 

The content of exchangeable Ca
2+

 was significantly (p<0.05) affected by crop rotations, 

conservation practice and their interaction (Table 5 and 6). The mean values were varied from 

10.29-15.28cmolc/kg.  Relatively exchangeable Ca
2+

 was high under maize-faba bean-pepper 

(15.28cmolc/kg) followed by maize-wheat-faba bean (14.22cmolc/kg) and low under continuous 

maize (10.29cmolc/kg) (Table 5). The other three crop rotations were found with almost similar 

content of exchangeable Ca
2+

. The relatively high value of exchangeable Ca
2+

 under maize-

wheat-faba bean might be due to Al
3+

 ions form more stable complexes with organic acids 

released from faba bean. Consequently, this process may cause a decrease in exchangeable 

acidity, and thus, increase exchangeable calcium in this soil layer. The result was in-line with the 
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study Aoyama (1996) reported that on surface soil layers, organic ligands of low molecular 

weight resulting from plant residue decomposition can complex the soil exchangeable bases, 

facilitating their mobility in soil. Usually content of calcium in the soils are affected by soil type, 

pH and liming practices. As a result low levels of exchangeable Ca
2+

 might be due to absence of 

any acidity reclamation activity in the study area until now, while continuous addition of 

acidifying chemical fertilizers are common.  

Considering to conservation practice, the value of exchangeable Ca
2+

 was relatively higher under 

conserved farmlands (13.53cmolc/kg) than un-conserved (11.61cmolc/kg) (Table 5). This is 

because that cultivated lands with physical soil and water conservation practice might have 

reduced soil erosion and leaching of exchangeable cations. The result was in-line with the study 

conducted by Bezabih et al. (2016) revealed that cultivated lands treated with soil bund showed 

higher value of exchangeable Ca
2+

 than un-conserved under higher, middle and lower slope 

classes. 

The exchangeable Mg
2+

 content of the soils was significantly (p<0.05) affected by crop rotation, 

conservation practice and their interaction and varied from 6-6.48cmolc/kg with no significant 

variation among rotations (Tables 5and 6). The relatively high and low values of exchangeable 

Mg
2+

 (6.48cmolc/kg) and (6cmolc/kg) were recorded under continuous maize and maize-wheat-

maize rotations respectively (Table 5). According to Metson (1961), exchangeable Mg
2+

 was 

recorded at high rate.  

Conserved farmlands was showed relatively higher amount of exchangeable Mg
2+

 (6.29 

cmolc/kg) than un-conserved (5.28cmolc/kg). Considering to interaction effect of crop rotations 

by conservation practice, similar to effect of crop rotation alone, highest mean value of 

exchangeable Ca
2+

 (15.44cmolc/kg) and Mg
2+

 (7.3cmolc/kg) were observed under maize-faba 

bean-pepper rotation plus conservation practice (Table 6). 

 

Exchangeable K
+
 concentrations were significantly (p<0.05) affected by crop rotation, 

conservation practice and their interaction (Tables 5 and 6). Among crop rotations the mean 

values of exchangeable K
+
 was ranged from 0.36-2.03cmolc/kg. The highest value were recorded 

under maize-wheat-wheat (2.03cmolc/kg) followed by maize-wheat-pepper (1.64cmolc/kg); 

decreased with maize-wheat-maize rotation (0.8cmolc/kg) and under continuous maize 

(0.36cmolc/kg) (Table 5). According to Metson (1961), such recorded values of exchangeable K
+
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were rated as moderate. The relatively high level of exchangeable K
+
 under maize-wheat-wheat 

rotation might be due to frequent incorporation of wheat straw in to the soil after harvest.   

Considering main effects of conservation practice, the mean value of the available potassium for 

the un-conserved land was (1.11cmolc/kg) and for the conserved land was (1.46cmolc/kg) as 

indicated in (Table 5). This indicates farmlands conserved with physical soil and water 

conservation have relatively higher potassium content than un-conserved; this is due to the fact 

that soil conservation practices which were applied on the land have created conducive 

environment for the progress of the nutrient availability in the soil. The result was in-line with 

the findings of Worku et al. (2012) who stated that available K
+
 concentrations in farm plots 

with physical soil and water conservation structures were found to be significantly higher than in 

the adjacent un-conserved farm plots. 

There was a significant (p<0.05) effect of crop rotation, conservation practice and their 

interaction on exchangeable Na
+
 (Tables 5 and 6). Considering the effects of crop rotations mean 

values of exchangeable Na
+
 were ranged from 0.45-0.68cmolc/kg under continuous maize and 

maize-pepper-pepper rotations respectively (Table 5). According to Metson (1961), the value of 

exchangeable Na
+
 was found at moderate rate.  

 

Considering the main effects of conservation practice, mean value of exchangeable Na
+
 was 

higher (0.56cmolc/kg) under the un-conserved farmland than un-conserved (0.2cmolc/kg) (Table 

5). The reason might be the relatively high contents of exchangeable Ca
2+

, since its high content 

enforces exchangeable Na
+
 to displace and consequently reduce its space on the exchange site of 

soil particles. 

Similarly, the result indicates exchangeable Na
+
 contents were affected by the interaction of crop 

rotation by conservation practice. Considering to interaction effect of crop rotation by 

conservation practice, the mean values of exchangeable Na
+
 (0.2cmolc/kg) in all crop rotations 

plus conservation practice were relatively low than farmlands without any conservation measure 

(Table 6). Therefore, farmland conserved with soil bund seems like to have relatively good soil 

structure and infiltration condition due to lower content of exchangeable Na
+ 

than un-conserved 

farmlands. Because exchangeable Na
+
 alters soil physical and chemical properties mainly by 

inducing swelling and dispersion of clay and organic particles resulting in restricting water 

permeability and air movement.  
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Generally, considering to all crop rotations, the study indicates maize fields should be rotated 

with other crops including vegetables and legumes to lessen the ongoing high dependence on 

mineral fertilizers as described by Traole et al. (2007). It can be suggested that the joint 

application of organic fertilizer arising from crop residue retention and mineral fertilizer may 

provide more favorable conditions for the manifestation of the rotation effect.  

Table 6. Interaction effects of crop rotations and conservation practice on soil physical and 

chemical properties 

Treatments    Sand        Silt          Clay          pH       Ex.aci 

                                        (%)                           (H2O)   cmol(+)/kg           

Ex.Ca 
    

Ex.Mg  
   
Ex.K  

    
Ex.Na  

      
Av.P           TN                OM   

                  cmol(+)/kg                      (ppm)                      %               

MMM*Un 

MMM*Co         

MWM*Un                      

MWM*Co                   

MWW*Un         

MWW*Co           

MWP*Un             

MWP*Co 

MPP*Un             

MPP*Co             

MWFb*Un        

MWFb*Co         

MFbP*Un         

MFbP*Co            

 

p-value              

CV (%) 

 

 20.3
a
        19

cd
         60.7

h
         5.1

a
        2.56

f
          9.3

g
          5.4

d
          0.3

j
        0.8

e
         7.8

e
            0.23

h
              4.56

e
 

 19
a
           20.3

a
        60.7

h
         5.6

d
        1.81

h
         11.3

e
        6.6

b
          0.4

i
        0.2

f
         12.6

a
          0.24f

gh
            4.6d

e
 

 16
b
           14.3

f
        69.7

de
        4.7

f
         2.75

c
         9.6

fg
          6

c
            0.4

i
        0.8

d
         7.4

ef 
          0.22

i
               4.53

e
 

 12
c
           19.3

cd
       68

ef
           5.6

a
        1.71

i
          12.8

d 
        7

ab
           1.2

g
        0.2

f
         9.3

c
           0.24

ef
              4.9

c
 

 15.7
b
        22b          62.3

gh
        4.9

e
        4.89

a
         10.2

f
         4.9

d
          2.01

a
      0.8

d
        5.6

h
            0.2

j
                 4.53

e
 

 12.3
c
        20.3

cb
       67.3

ef
        5.3

c
        3.34

b
         12.94d       6.8

b
         2.04

a
      0.2

f 
        6.6

g
           0.22i               4.64

d
 

 8.7
e
          19

cd
          72.3

abc
       4.8

ef
       2.3

ef
          10.17

f 
       5.1

d
         1.5

e
        1.04

c
       5.3

h
           0.24

gh
             5

bc
 

 7.3
ef

         17.3
ed

       75.3
abc

       5.03
d
      1.81

h 
        13.02

d
       7

ab
           1.8

b
        0.2

f 
         10.3

b
         0.26

cd
             5.1

b
 

 6
f 
            18.3

d
        75.7

ab
        4.83

e
       2.72

c
         13.3

cd
        5.24

d
       1.44

f
      1.18

a
        5.6

h
           0.24

fg
             5.1

bc
 

 7.3
ef

         15.7
ef

       77
a
             5.1

d 
        2.36

e
         14.5

b
         6.82

b 
       1.71

c
      0.2

f
         8.97

cd
        0.25

cd
            5.2

a
 

 9.3
de

         25
a
           65.7

fg
         5.31

c
      2.51

d
         13.8

c
         5.3

d
          1.04

h
      1.1

cb
        7.1

fg
          0.25

cd
            4.9

c
 

 12.7
c
        24.7

a
        65.7

fg
         5.6

ab
       2.03

g
         14.7

b
          6.8

b
         1.6

d
        0.22

f
        8.5

d 
          0.27

b
             5.1

bc
 

 11.3
cd 

       18
d
          72

cd
           5.32

c
        2.3

ef
         15.12

ab
        5.1

d
        1.03

h
      1.11

b
       7.02

fg
         0.23

bc
           5.1

bc
 

 12.3
c
        18.3

cd
       70

de
            5.5

b
         2.02

g
        15.44

a
        7.3

a
         1.52

de
      0.2

f
         8.9

cd
          0.28

a
            4.96

c
 

 

 *** ***  * ***  ***   ***             **    ***    ***         ***         *            ** 

11.06 5.81 2.78         1.52 1.96   3.16           3.91   2.24        4.49         4.02          1.71         3.26 

Means followed by the same letter(s) within the same treatment group are statistically the same and showed no significant difference by DMRT 

(p < 0.05). *,**,***, and NS showed significant differences at 0.05, 0.01, 0.001 probability  levels and non-significant differences, respectively. 
. 
 

4.3. Correlation Analysis between Studied Soil Variables 
 

A significant negative correlation (r=-0.1*) was observed between soil bulk density and clay 

content. This phenomenon was similar with the finding Hillel (2004), who revealed that clay 

soils with good soil structure, there is a greater amount of total pore space because the particles 

are very small, and many small pore spaces fit between them; causes reduction in bulk density. 

However, no any correlation was observed between soil bulk density and organic matter 
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(r=0.04
NS

) (Table 7). Such result was in contrast with the study conducted by Sakin (2012), 

identified the relationship between organic matter and bulk density of soils and showed strong 

correlation between the two; as soil organic matter is known to decrease bulk density because of 

its abundance of pores and its tendency to increase porosity by combining soil particles. 

Soil pH was positively correlated with CEC, available P and total N (r=0.48***, r=0.61*** and 

r=0.49***) respectively, while it was inversely correlated with soil bulk density (r=0.46**). The 

inversely correlation probably suggest that the washing out of solutes from the farmlands where 

soil bulk density is higher (Table 7).  The significant and positive correlation between pH and 

phosphorus indicates that availability of P in these soils regulated by the content of low soil pH.  

A significant positive correlation was found between available P and soil OM (r= 0.42**) (Table 

7). The result was in in-line with the study conducted by Tisdale et al. (1997), concluded that 

decomposition of OM produces humus, which protects P fixation. In contrast to many studies, a 

non-significant positive correlation was observed between soil organic matter content and pH 

(r=0.07 
NS

). 

 

In surface horizons of mineral soils, higher soil OM and clay contents significantly contribute to 

the soil CEC. In this study there was a positive and significant correlation between soil OM and 

CEC (r= 0.61***) (Table 7). This finding implies, improving soil organic matter content can 

significantly increase soil CEC. Hence, processes that affect soil organic matter due to soil 

erosion, intensive cultivation and land use changes can affect CEC of soil (Mulugeta and Karl, 

2010); which in turn affects soil fertility and can cause severe yield decrease. CEC also showed 

positive and significant correlation with clay (r=0.44**). This was supported by the study 

Gebeyehu (2007), who reported that CEC is significantly and positively correlated with clay 

content. 

 

The correlation studies revealed a significant and positive correlation between pH and Ca (r= 

0.56***). This result was supported by the findings of Methe et al. (2012). Another significant 

positive correlation was observed between soil pH and magnesium in (r= 0.53***) (Table 7). 

This result also agreed with the study Methe et al. (2012) who reported that a significant 

negative correlation between pH and magnesium. 
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Table 7. Pearson‟s correlation matrix for studied soil physical and chemical properties. 

 BD Sand Silt Clay pH Ex.Aci CEC Ex.Ca2

+ 

Ex.Mg
2+ 

Ex.K+ Ex.Na+  Av.P TN   OC   OM C/N 

BD 

1 
-0.05 

NS 
0.3 
NS 

-0.1 
* 

-0.46 
** 

0.32 
* 

-0.31 
* 

-0.3 
* 

-0.46 
** 

0.03 
NS 

0.41 
** 

-0.5 
*** 

-0.26 
NS 

-0.04 
NS 

0.04 
NS 

0.33 
* 

Sand 

 1 
0.076 
     NS                                                                                                                                                                                           

-0.84 
*** 

0.18 
NS 

0.13 
NS 

-0.53 
**** 

0.53 
*** 

-0.04 
     NS 

-0.58 
*** 

-0.15 
NS 

0.26
NS 

-0.39 
** 

-0.77 
*** 

-0.16 
NS 

-0.15 
     NS 

Silt 

  1 
-0.53 

NS 
0.42 

** 
0.16 

NS 
0.11

NS 
0.15

NS 
-0.15 

NS 
0.17

NS 
0.05

NS 
-0.09 

NS 
0.008 

NS 
-0.13 

NS 
-0.35 

* 
-0.11 

NS 
Clay 

   1 
-0.33 

* 
0.21

NS 
0.44 

** 
0.4 
** 

0.13 
NS 

-0.05 
** 

0.08 
NS 

-0.15 
NS 

0.38 
** 

0.73 
*** 

0.32 
* 

0.11 
NS 

pH 

    1 
-0.45 

** 
0.48 
*** 

0.56 
*** 

0.53 
*** 

-0.53 
NS 

-0.57 
*** 

0.61 
*** 

0.49 
*** 

0.07 
NS 

0.07 
NS 

-0.62 
*** 

Ex.Ac

i 
     1 

-0.32 
* 

0.32 
* 

-0.46 
** 

0.39 
** 

0.32 
* 

0.61 
*** 

  -0.7 
   *** 

-0.4 
** 

-0.35 
* 

 0.68 
   *** 

CEC 

      1 
0.89 
*** 

0.45 
** 

0.48 
*** 

-0.31 
* 

0.14 
NS 

0.78 
*** 

0.72 
*** 

0.61 
*** 

-0.41 
** 

Ex.Ca
2+ 

       1 
0.42 

** 
0.39 
** 

-0.25 
    NS 

0.18 
NS 

0.79 
*** 

0.66 
*** 

  0.15 
    NS 

-0.48 
** 

Ex.M

g2 
        1 

0.19 
NS 

-0.91 
*** 

0.68 
*** 

0.43 
** 

0.16 
NS 

0.59 
*** 

-0.44 
** 

Ex.K+ 

         1 
-0.22 
   NS 

-0.32 
    * 

0.04 
NS 

0.44 
** 

  0.21 
     NS 

0.39 
** 

Ex.Na
+ 

          1 
-0.71 

*** 
-0.25 

NS 
-0.03 

NS 
-0.62 

*** 
0.31 

* 
Av.P 

           1 
0.39 
   * 

-0.01 
NS 

0.42 
** 

-0.53 
*** 

TN 

            1 
0.71 
*** 

0.32 
* 

-0.75 
*** 

OC 

             1 
0.33 

* 
-0.08 

NS 
OM 

              1 
-0.14 

NS 
C/N 

               1 
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 5. SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

 5.1. Summary and Conclusions 
 

Crop rotation has many environmental, agronomic and economic benefits compared to 

monoculture cropping including increases organic matter in the soil and can reduces soil 

degradation as well as synthetic fertilizer dependence. In the area under the study was conducted, 

there has been a practice crop rotations adopted by the local farmers traditionally and currently a 

conservation practice was started to adopt by the community through development agents. 

However apart from reports no any substantial research is conducted with respect to the effects 

of such practices towards soil properties improvement yet. In line with this issue, the objective of 

the study was to evaluate the three years of practice of soil conservation practice and crop 

rotation on selected soil physical and chemical properties.  

Above all, a preliminary field survey was conducted in order to get better information about the 

general overview of study area and the data to be collected from commonly practiced crop 

rotations. Then after, farmlands with targeted crop rotations with conservation practice and for 

each crop rotation adjacent farmlands without conservation practice but similar nature were 

identified. After the targeted farmlands were determined, soil sample from depth of 0.20cm were 

collected with three replications. After the collected soil sample were well prepared, analysis of 

selected soil physico-chemical properties were finished at Debre Berhan Agricultural Research 

Center. 

All studied soil parameters were significantly (p<0.05) affected by crop rotation and 

conservation practice, while soil textural class were not affected by conservation practice. The 

acidic property of soil in the study area suggested that there is long lasting use of inorganic 

fertilizers and an intense leaching of dominant basic cations as excess seasonal peak rainfall 

passes through the soil. Crop rotations where pepper and faba bean where included showed 

relatively better soil properties status as compared from only cereal crop rotations were involved. 

From all crop rotations, maize-pepper-pepper, maize-wheat-faba bean and maize-faba bean-

pepper recored a slight trend of good values studied soil physico-chemical properties compared 

to other rotations. Therefore, cereals should be rotated with either vegetables or legumes. The 

appropriate choice of crops within the rotation and their sequence are crucial if nutrient cycling 

within the farm system is to be improved and losses minimized over the short and long term. 
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Each crop species has different characteristics, for example, nitrogen demanding or nitrogen 

fixing, shallow or deep rooting, amount and quality of crop residue returned. Promoting the 

practice of more diverse crop rotation practice even without conservation practice has a potential 

in increasing some nutrients in the soil like total N soil OM and CEC. 

Studied soil properties were relatively better on the conserved farm plots than on the non-

conserved one. Based on results of the research carried out; the soil of an area which was treated 

by conservation practice has shown a significant physico-chemical property improvement than 

the soil of the adjacent un-conserved land. It minimizes the bulk density of the soil relative to the 

un-conserved land thereby creates a conducive condition for the development of plants on the 

conserved land. The pH of the soil also able to increase which in turn facilitates the availability 

of major nutrients such as available P in the soil of conserved land. Generally, the major 

macronutrients required for green plants such as the soil OC, total N, potassium and P 

concentrations in the farmlands which were maintained by soil conservation practice were found 

to be significantly higher than the concentration in adjacent un-conserved farmlands. This 

implies that soil and water conservation efforts measures positively affected soil physico-

chemical properties, although farmers‟ future adoption could be challenged by poor perception.   

A significant negative correlation was observed between bulk density and clay contents. There 

was a strong correlation between different parameters like CEC with fraction of clay content. 

Soil OM was also positively correlated with soil CEC and total nitrogen, while there no any 

correlation was observed with bulk density. In summary, even if the study considered short 

duration of management practices, soil physico-chemical property of the study area was strongly 

influenced by crop rotation and conservation practice. 

 5.2. Recommendations 
 

The short duration of considered cropping cycle and conservation practice has not been enough 

to cause an effect in all evaluated properties. As a result, farmers must be aware that the benefits 

of rotating crops may be more evident after a considerable long period preferably 5-10 years and 

above.  The cereal crops to be used in the rotation must be able to produce adequate biomass. It 

is also imperative to ensure sufficient available P in the soil if rotations other than maize are to 

be optimized. Farmers should also recognize that organic and mineral fertilizers should be used 

together to complement each other and not replace each other. If soil and water conservation 
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efforts practice is not intensively continued, more land will become unsuitable for crop 

production in the future. Less acidifying fertilizers and other acidity reclamation activities should 

be practiced instead of continuous use of DAP since the soil is inherently acidic. Well 

decomposed manure or compost should be applied.  Since rotation length might be an important 

factor on soil physico-chemical properties change, such type of study should be carried out over 

a longer period of time. 

The bunds were only three years old or young; more duration of time will probably lead to 

greater differences in values soil parameters between soil groups mainly due to prolonged 

erosion difference between conserved and un-conserved lands. Integrated cropping systems, use 

of crop residues as sources of nutrients and stabilization of physical with biological soil and 

water conservation should be encouraged to improve soil productivity. Integration of biological 

and physical conservation measures is vital for better effective and sustainability of soil and 

water conservation efforts.  

Furthermore, since this study focused on the analysis of selected physical and chemical soil 

properties without incorporating socio-economic and institutional aspects of soil and water 

conservation approach, further research such as adoption by the community and impacts of soil 

conservation practice on crop yield are required to get a comprehensive conclusions. There 

should be a need for awareness creation and follow up on proper management and regular 

maintenance of structures once made. Consequently, it is better if proper attention will be given 

to the agricultural practices by the government to achieve the transformational plan in the sector. 
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7. APPENDICES 

 

Appendix 1. Rating of various soil chemical properties  

 

Soil parameters Very low Low Moderate High         Very high Source 

Soil OM (%) 0-0.4 0.4-1 1-1.8 1.8-3 >3 Charman and 

Roper (2000) 

TN (%) 0-0.1 0.1-0.2 0.2-0.5 0.5-1 >1 London (1991) 

Olson 

Av.P(ppm) 

---- 0-13 13.30 ---- >30 Clementa and 

McGowen (1994) 

Ca (cmolc/kg 0-1 1-5 5-10 10-20 >20  

Metson (1961) 
Mg (cmolc/kg 0-0.3 0.3-1 1-3 3-8       >8 

K (cmolc/kg 0-0.2 0.2-0.3 0.3-0.7 0.7-2       >2 

Na (cmolc/kg 0-0.1 0.1-0.3 0.3-0.7 0.7-2 >2 

CEC (cmolc/kg 0-6 6-12 12-25 25-40 >40 Hazelton and 

Murphy (2007) 

 

Appendix 2: ANOVA table for the crop rotations and conservation practice 
 

Parameter              Crop rotations Conservation practice 

df MSE    F - 
Value 

   P-
Value 

Status df MSE     F-
Value 

   P- 
Value 

Status 

 Bulk density 6 0.0022 5.79 0.0006 S 1   0.0089 22.99 <.0001 S 

 Sand 6 112.05 61.93 <.0001 S 1   4.02 2.22 0.1479 NS 

Silt 6   48.10 37.79 <.0001 S 1   0.02 0.02 0.8923 NS 

Clay 6 178.60 48.35 <.0001 S 1   6.88 1.86 0.1840 NS 

Soil reaction 6 0.28 45.35 <.0001 S 1   1.91 309.93 <.0001 S 

Phosphorus 6 9.25 91.19 <.0001 S 1   81.15 799.38 <.0001 S 

Soil OM 6 0.24 7.92 <.0001 S 1   1.79 59.58 <.0001 S 

Nitrogen 6 0.002 113.65 <.0001 S 1 0.003 154.19 <.0001 S 

C:N ratio 6 2.08 27.32 <.0001 S 1   2.19   28.81 <.0001 S 

Calcium 6 20.87 131.89 <.0001 S 1  38.31 242.05 <.0001 S 

Magnesium 6 0.22 3.95 0.0062 S 1  27.18 478.88 <.0001 S 

Potassium 6 1.85  1.85 

2249.22 

<.0001 S 1    1.31 1591.54 <.0001 S 

Sodium 6 0.054  79.86 <.0001 S 1 6.08 8997.42 <.0001 S 

CEC 6 9.03  40.32 <.0001 S 1  21.57     96.32 <.0001 S 

Ex. acidity 6 3.3 1385.44 <.0001 S 1 4.65 1951.7 <.0001 S 

Note: NS stands for Non-significant and S stands for significant. 
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Appendix 3: ANOVA table for the interaction of crop rotations by conservation practice 
 

Parameter df    MSE F - Value P-Value Status 

 Sand 6 10.4682540 5.79 0.0006 S 

Silt 6 9.9126984 7.79 <0.0001 S 

Clay 6      9.492063 2.57 0.0434 S 

pH 6  0.11629127 18.81 <0.0001 S 

Phosphorus 6 4.20927778 41.46 <0.0001 S 

Organic matter 6 0.15375013 5.12 0.0014 S 

Nitrogen 6 0.00004619 2.67 0.0376 S 

Calcium 6 1.8660389 11.79 <0.0001 S 

Magnesium 6 0.27147063 4.78 0.0021 S 

Potassium 6 0.11135238 135.56 <0.0001 S 

Sodium 6 0.04946375 73.18 <0.0001 S 

Exchangeable acidity 6 0.32550952 136.52 <0.0001 S 

Note: NS stands for Non-significant and S stands for significant. 
 




