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ABSTRACT 

The Role of Climate Smart Agricultural practices for Soil quality and Crop Production: a 
case study in Ambo woreda, West Shewa, Oromia Zone, Ethiopia. 
  

This study was undertaken at Weli micro watershed, which is located in the Ambo district 

of west shoa zone in the Oromia region. The study was aimed to assess the contribution 

of climate smart agricultural production practices for soil quality, local communities’ 

livelihoods improvement and adaptation to climate change in the study area. 

Socioeconomic conditions, biophysical and farm land management practices were 

assessed in the watershed under study. Household survey, Key informant Interview and 

soil survey were also conducted in study site. Furthermore, in order to compare the 

relative soil quality improvement with some selected physico-chemical properties of soil, 

a total of 18 soil samples were collected from the upper 0-20 cm depth of cultivated land  

and selected physical and chemical properties were analyzed in the laboratory. The 

results of the study showed that, soil pH (P=0.314), soil organic carbon (SOC) 

(P=0.211), total nitrogen (N) (P=0.902), EC (P=0.211), Av.K (P=0.832) and Av.P 

(P=0.096) were not significantly (p≤0.05) different on the intervened farmlands of CSA 

(Weli) watershed as compared to the non-intervened farmlands (weli2). Similarly, there 

was no significant difference in mean values of silt (P=0.104) and clay (P=0.583) 

contents between intervened and none intervened while mean values of sand contents 

showed a significant difference (P=0.034) between the compared lands. The study 

revealed that, CSA practices benefited households under the intervention to gain yield 

advantage of 5 quintal in teff, 7 quintals in wheat and 9 quintals in sorghum, maize and 

bean productions than the yield of households under non-intervened. 
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1. INTRODUCTION 

1.1. Background 

Climate change is threatening agricultural food production systems of the world. Findings 

recognized that there are huge uncertainties in the way climate change will directly and 

indirectly impact agricultural and crop production systems. European Union (2011) 

reported that Ethiopia faces uncertainty over rainfall and climate models suggest that the 

country will see further warming of between 0.7 and 2.3 degrees Celsius by 2020. 

Climate change has already led to an increasing number of hot days and the effects on 

crop and livestock production threaten food and water availability, further hindering 

economic growth. 

Agriculture is the most vulnerable sector to climate change due to its high dependence on 

climate and weather. The majority of the Ethiopian population, over 85% depends on rain 

fed agriculture (MoFED, 2009). The sector is dominated by small-scale farmers engaged 

in subsistence level production. This agricultural development will continue to be the 

basis for economic growth for the country. Being highly dependent on rain-fed 

agriculture together with having a condition of variable rainfall and recurrent drought, 

climate change will adversely affect agriculture hence the economy of Ethiopia. The 

overall targeted growth rate for this sector is 8.6%. Agricultural crop production will 

increase from around 19 million tons today to more than 71 million tons in 2030 

primarily due to, the increased fertilizer usage and an increase in land used for 

agriculture. This will increase emissions from 12 Mt CO2 today to more than 60 Mt in 

2030 (CRGE, 2011). 
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Crop production, which is vital to global food security, is being affected by climate 

change all over the world. However, the impact is being felt more severely in the more 

impoverished communities. At least 22% of the area under the most important crops in 

the world is expected to suffer negative impacts from climate change by 2050. In Sub-

Saharan Africa 56% of crops, are expected to be negatively affected (IPCC, 2007). It has 

been predicted that over the next decades, billions of people, especially those living in 

developing countries, will face shortages of water and food and greater risks to health and 

life because of climate change. With fewer social, technological and financial resources 

for adapting to changing conditions, developing countries are the most vulnerable to the 

impacts of climate change (UNFCCC, 2007). The impacts of climate change will have 

major effects on agricultural production, with a decrease of production in certain areas 

and increased variability of production to the extent that important changes may need to 

be made in the geographic area where crops are cultivated (IPCC, 2007).  

Major changes in climatic conditions that influence crop systems include rain quantity 

and distribution, and consequently water availability, extreme events, such as floods and 

droughts, higher temperatures and shifting seasons. The rate of climate change may 

exceed the rate of adaptation for natural systems, including crops, and this creates high 

concern for food availability (Allara et al., 2012). In essence, what this means is that 

crops that were usually planted in one area may no longer be able to grow there. In 

addition, the ecosystem services that ensure crop growth (i.e. pollination, soil 

biodiversity) may also be affected. For these reasons, it is necessary to address the 

challenges of crop production at the base of farming systemsa. With appropriate 

technical, institutional, socio-economic and policy infrastructure in place, there is a huge 
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potential for crop management practices and approaches to adapt to, and contribute to, 

the mitigation of climate change. While some of these measures can be implemented 

readily at the level of individual farms or households, others need broader infrastructural 

and political support and have much longer time frames (FAO, 2013). Different 

approaches of adaptation and mitigation options have been made to halt the impact of 

climate change; adaption of climate-smart agricultural (CSA) technologies and practices 

is one of them. According to Hague Conference in 2010, CSA integrates the three 

dimensions of sustainable development (economic, social and environmental) by jointly 

addressing food security, adaptation and mitigation to climate challenges. It is composed 

of three main pillars sustainably increasing agricultural productivity and incomes, 

adapting and building resilience to climate change and reducing greenhouse gases 

emissions.  

Initiatives such as Global climate change alliance Ethiopia (GCCA-E) are supporting 

CSA program which aims to increase the awareness and capacity of Ethiopian 

government institutions and the rural population to deal with climate change. The 

program component focuses on mainstreaming climate smart actions in the sustainable 

land management program with adaptation, mitigation and development co benefits. 

Initiatives in this area include the rehabilitation of degraded watersheds, enhancing soil 

and nutrient management, improving crop choice and planting management, water use 

efficiency, and farmers‟ access to market opportunities and storage facilities (EU, 2011). 

Supporting small scale farmers to adapt "climate-smart" farming techniques will prepare 

them for even more serious climate change challenges in the future.  
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1.2. Statement of the Problem 

The study area, West Shewa, is classified under midland or Woinadega agro ecological 

zone, which is a mixed farming zone and the main economic activities are crop and 

livestock productions. The soil type is sandy loam and clay by that it is moderately 

productive.  The main agricultural crops grown in the areas are tef, wheat, barley, and 

maize, sorghum, and oil seeds. The most important inputs used for crop production are 

industrial fertilizer, improved seed and compost or animal manure. However, in recent 

times some of the areas within the zone are facing weather related hazards such as 

landslides, flooding. Soil fertility has declined and over all agricultural productivity has 

been decreased, in extreme cases extensive areas of the lowlands are abandoned from 

production purposes and people are forced to remain under food aid program (Leta, 

2009). 

The past agricultural practices were not in favor of climate, particularly crop production 

which  is dependent on rain-fed  became sensitive to climate change and variability for 

that matter farmers have to be conscious enough about climate change and adaptation 

systems so that they can build resilience to the current agricultural operations. The 

adaptation methods most commonly cited in literatures include use of new crop varieties 

and livestock species that are more suited to drier conditions, crop diversification, mixed 

crop livestock farming systems, changing planting dates, diversifying from farm to non-

farm activity, increased use of water and soil conservation techniques (Temesgen, 2008).  
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To combat land degradation, particularly soil erosion and loss of soil fertility, activities 

such as the construction of terraces, soil bunds, micro-basins and cut-off drains, as well 

as tree planting in slope lands and in watersheds, are being carried out. However, in view 

of the great magnitude of the erosion and soil fertility loss that is occurring, far more and 

greater effort is required with respect to soil conservation (EPA, 2003). 

An increase in agricultural productivity strengthens the resilience of ecosystems and 

livelihoods to climate change and reduces greenhouse gas emissions by taking specific 

consideration of locally adapted actions and interventions. For that different options have 

been developed as an attempt to reverse these challenges. Climate-smart agriculture is an 

agriculture that moves away from unstable systems and systems that depend mainly on 

external inputs, towards systems that can be more efficient and resilient by relying on 

natural auto-control mechanisms. Climate-smart systems are able to respond and adapt to 

changing climates, particularly to the increased variability, and can, in targeted instances, 

contribute to mitigating a further change in climate (FAO, 2013). From the major climate 

smart agricultural interventions particularly Climate-Smart Crop Production systems can 

address the negative impacts of climate change by providing opportunities for climate 

change adaptation and mitigation by targeting with multiple objectives, aiming to 

improve moisture use efficiency, soil and water conservation, soil carbon improving 

practices and promotion of agronomic practices in the existing local community crop 

production systems.  

In order to anticipate an achievement on the interventions of Climate-smart technologies 

on agriculture requires continued researches, studies and actual field status of production 

areas. Therefore, the purpose of this study is to fill the gaps of researches and studies on 
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implementation of the interventions and document relevant data on to what extent the 

GCCA-E project in particular Climate-smart agricultural production will influence the 

soil quality and crop production contributing to the relevant Ethiopian CRGE strategy 

implementation. The study attempts to assess the role of CSA on soil quality of the 

farmland which the intervention of the project has undertaken as well as the livelihood 

status and agricultural production of the communities in the study area. 

1.3. Significance of the study 

This study is expected to give emphasis on status of physical interventions for the 

contribution of soil quality improvement and crop production. It will contribute to 

provide relevant data and information about the undergoing GCCA-E project of climate 

smart crop production technologies implementation and efficiency under a case study in 

Ambo woreda, West Shewa Oromia region. The study provides a baseline data on 

existing climate smart agricultural practices and its effect on the soil condition of the 

farmlands. 
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1.4. Objectives of the study   

1.4.1. General objective 

The overall objective of this study is to assess the contribution of climate smart 

agricultural activities for soil quality and crop production improvements.  

1.4.2. Specific Objectives 

 To assess the impact of climate smart agricultural activities on soil 

physiochemical parameters.  

 To assess farmers‟ perception in relation to the impact of climate smart 

agricultural practices.  

 To analyze the role of climate smart agricultural activities on crop productivity of 

the study area. 

1.5. Research Questions 

In order to address the above stated objectives, this study attempt to answer the following 

questions. 

 What are the observed changes in the soil quality of the farm land after the start of 

CSA interventions? 

 Which climate-smart crop production activities are being used in the study area? 

 What is the farmer‟s perception against the CSA activities? 

 What are the observed changes in crop production trend of the study area?  
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2. REVIEW OF LITRATURE 

2.1. Soil properties that determine Soil quality  

In an agricultural context, soil quality is usually defined in terms of soil productivity and 

specifically in regard to a soil's capacity to sustain and nurture plant growth. Thus, from 

the perspective of agricultural crop production, soil quality can be defined as "the soils 

capacity or fitness to support crop growth without resulting in soil degradation or 

otherwise harming the environment'' (Gregorich and Acton, 1995). A more detailed 

definition has been given by the Soil Science Society of America (1995) as  "Soil quality 

is the capacity of a specific kind of soil to function, within natural or managed ecosystem 

boundaries, to sustain plant and animal productivity, maintain or enhance water and air 

quality, and support human health and habitation''. In general, the above definitions 

relates one to another, the function of the soil to supply nutrient and other physico-

chemical condition to plant growth, promote and sustain crop production, provide 

habitant to soil organism, resist degradation, maintain or improve human and animal 

health.  

2.1.1. Soil Chemical Quality indicators  

Soil chemical quality refers to chemical properties and processes important to plant 

growth and the environment. Determinants of soil chemical quality include soil organic 

matter content, total nitrogen (N), pH, effective cation exchange capacity (CEC), 

exchangeable bases, and plant available nutrient reserves. Maintaining a favorable plant 

nutrient balance is critical to soil chemical quality. Rapid nutrient depletion caused by 

intensive cropping may result in drastic yield reduction (Subbian et al., 2000). Soil 
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chemical properties are the most important among the factors that determine the nutrient 

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

in the soil affect processes leading to soil development and soil fertility build up. 

Minerals inherited from the soil parent materials overtime release chemical elements that 

undergo various changes and transformations within the soil. 

2.1.1.1. Soil reaction (pH) 

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

which is caused by particular chemical, mineralogical and biological environment. Soil 

reaction affects nutrient availability and toxicity, microbial activity, and root growth. 

Thus, it is one of the most important chemical characteristics of the soil solution because 

both higher plants and microorganisms respond so markedly to their chemical 

environment. 

The degree and nature of soil reaction influenced by different anthropogenic and natural 

activities including leaching of exchangeable bases, acid rains, decomposition of organic 

materials, application of commercial fertilizers and other farming practices (Rowell, 

1994; Miller and Donahue, 1995; Tisdale et al., 1995; Brady and Weil, 2002).  

Soil pH is sensitive to changes in the natural environment and soil management processes 

due to human activity. Deforestation followed by cultivation of the same land with 

resulting export of basic cations in agricultural products, and leaching due to inadequate 

rainfall, forms the major cause for the change in pH and acidification process in the 

tropics (Smith et al., 1995). 
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Table 1. pH rating (1:2.5 soil: water suspension) 

 

 

 

 

 

 

Source: Metson (1961) 

2.1.1.2. Electrical conductivity (EC) 

Electrical conductivity (EC) is a measure of salinity. In addition to overcoming some of 

the ambiguities of total dissolved salts measurements, the EC measurement is quicker and 

sufficiently accurate for most purposes (Bohn et al., 2001). According to Landon (1991), 

in the soil, the determination of the electrical conductivity serves to give an idea of the 

total quantity of soluble salts and the degree of salinity. Electrical conductivity of 

saturation extract (ECe) of the soil is heavily dependent on climatic conditions of the area 

in consideration. In soils of sub-humid tropics where there is sufficient rainfall to flush 

out base forming cations from the root zone, EC is found too low, usually, less than 4 

dS/m (Brady, 1990; Landon, 1991).  

 

 

 

pH  Ratings 

< 4.5 

4.5 - 5.2  
5.3 - 5.9 

6.0 - 6.6 

6.7 - 7.3 

7.4 - 8.0 

> 8.0 

very strongly acid 

strongly acid 

moderately acid 

slightly acid 

neutral 

moderately alkaline 

strongly alkaline 
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Table  2.   EC rating 

 

 

 

 

Source: Metson (1961) 

2.1.1.3. Organic matter (OM) 

Organic matter (OM) is an important attribute of soil quality for the variety of functions 

that it has in soils as increased soil aggregation, improved drainage in fine textured soils, 

better water-holding capacity in sandy soils, higher cation exchange capacity, increased 

nutrient reserves and agent of aggregate stabilization, site for carbon storage and 

sequestration and as an energy resource for heterotrophic biological activity (Velasquez 

et al., 2007).Organic matter is a large reservoir of carbon that can act as a sink or source 

of atmospheric CO2 (Post and Kwon, 2000).Soils are major Carbon stores in tropical 

areas, with 36–60% of ecosystem Carbon in forests being stored in soils (FAO, 2006). 

Tropical soils are estimated to emit 0.2 Gt Carbon per year due to land-use changes, 

accounting for 10–30% of the total C emission from deforestation.  

The amount of organic matter in surface, mineral soils can vary from less than 1% in 

coarse-textured, sandy soils to more than 5% in fertile, prairie grasslands. Its effects are 

sound far out of proportion to the small quantities present, hence, considered the single 

most important indicator of soil quality (Larson and Pierce, 1991). Meanwhile, many 

factors that change soil organic matter levels and forms are controlled by management, 

EC values (mS/cm) Rating 

<2 

2 -4 

4 – 8 

8 – 15 

> 15 

Non-saline 

Slightly saline 

Moderately saline 

Strongly saline 

Very strongly saline 
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and also processes governing its dynamics are complex. These found it to be the most 

sensitive soil characteristics to land use change (Sanchez et al., 2002). These differ across 

eco-regions and strongly interact with land use, farming systems and crop management 

systems (Post and Kwon, 2000; Batjes, 2004; Powers et al., 2004).  

Extensive deforestation and conversion of natural forests into agricultural lands in 

Ethiopian ecosystems led to significant decline in forest-derived OM levels of these 

tropical soils. Most cultivated soils of Ethiopia 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 (Yihenew, 2002). The same author reported that continuous and intensive 

cultivation practices might be attributed for the deterioration of soil aggregates and low 

return of plant biomass to the soil system in the cultivated lands.  

Soil organic matter is defined as any living or dead plant and animal materials in the soil 

and it comprises a wide range of organic species such as humic substances, 

carbohydrates, proteins, and plant residues (Foth and Ellis, 1997). Soil OM is the central 

indicator of soil quality and health, which is strongly affected by agricultural 

management (Lal et al., 1995; Farquharson et al., 2003). The importance of increased soil 

OM or soil organic carbon (soil OC) is its effect on improving soil physical properties, 

conserving water, and increasing available nutrients. Loss of soil organic matter can 

indicate accelerated soil erosion, a decline in nutrient supply and nutrient-retention 

capacity, and biological degradation (Arshad and Coen, 1992). Higher temperature and 

soil moisture regimes enhance decomposition rates and thus may speed up soil organic 

carbon losses (Don et al., 2011). In general, soil organic matter is considered to be the 

universal indicator of soil quality (Rasmussen and Collins, 1991).  
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There is considerable concern that if soil OM or soil OC concentrations in soils are 

allowed to decrease too much, the productive capacity of agriculture will be then 

compromised by deterioration in soil physical properties and by impairment of soil 

nutrient cycling mechanisms (Bauer and Black, 1994; Loveland and Webb, 2003). 

Generally, soil OM contributes positively to soil fertility, crop production, and overall 

soil sustainability. However, this critically important soil component is strongly 

influenced by natural and anthropogenic factors. It has been disturbed continuously by 

land use change, intensive grazing, and cultivation. These practices adversely affected the 

soil OC pool and strongly impacting global warming and climate change (Kumar, 2013). 

Table 3.   Rating of OM % 

 

 

 

 

Source: Metson (1961) 

2.1.1.4. Total Nitrogen (N) 

Nitrogen is one of the most limiting factors of plant growth in soil. It occurs in both 

organic and inorganic forms, with nitrate (NO3
-) and ammonium (NH4

+). Other than N 

applied as fertilizer, plant-available N is derived from soil organic matter through 

mineralization. Nitrogen values may indicate high quality soils for agriculture while 

contributing to poor water quality. Nitrogen is one of the most deficient elements in the 

tropics for crop production (Mesfin, 1998). The available N status of soil varies with 

OM % Rating 

< 1 

1 - 2 

2 – 4. 
4.2 - 6 

> 6 

very low 

low 

medium 

high 

very high 
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cropping systems and management practices (Subbian et al., 2000). The N content is 

lower in continuously and intensively cultivated and highly weathered soils of the humid 

and sub humid tropics due to leaching and in highly saline and sodic soils of semi-arid 

and arid regions due to low OM content (Tisdale et al., 1995). The considerable reduction 

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

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

whenever added following intensive cultivation (McDonagh et al., 2001).The amount of 

N leached depends on soil type, source of N fertilizer, crops, and methods of fertilizer 

application. Organic manure has a greater beneficial residual effect on soils than can be 

derived from the use of either inorganic fertilizer or organic manure alone (Fageria, 

2002).  

Table 4.  Ratings of total nitrogen (%, Kjeldahl method) 

 

 

 

 

Source: Metson (1961) 

 

 

 

Total Nitrogen  Ratings 

<.050 

0.050-0.125 

0.125 - 0.225 

0.225 - 0.300 

> 0.300 

Very low 

low 

medium 

high 

very high 
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2.1.1.5. Available Phosphorus (Av.P) 

Available Phosphorous occurs in soils in both organic and inorganic forms. The form of 

Phosphorous that occurs in soil parent materials is generally of low availability to plants. 

The physical and chemical properties of soils were reported to influence the availability 

of P and its adsorption reactions in the soil. These include the nature and amount of soil 

minerals; soil pH, cation effects, anion effects, reaction time and temperature, flooding 

and fertilizer management practices (Landon, 1991; Tisdale et al., 2002). 

The dynamics of soil P can be affected by land use changes, which often involves 

changes in vegetation cover, biomass production and nutrient cycling in the ecosystem 

(Solomon et al., 2002; Wakene and Heluf, 2003). Phosphorus is the most limiting 

nutrient in the Ethiopian soils. It is the nutrient that is often deficient next to nitrogen 

(Mesfin Abebe, 1998). The main sources of plant available P are the weathering of soil 

minerals, the decomposition and mineralization of soil OM and commercial fertilizers. 

The availability of P in the soil varied with variations in soil reaction. In addition, 

availability of P is strictly dictated by the land use pattern, where the concentration was 

lower in grazing land than crop land. This might be because of the fertilizer and some 

crop residue effect that increases P on crop lands than the grazing lands that are over 

grazed and exposed to erosion (Birru, 1999).  

Table 5. Available Phosphorus rating 
 

 

 

Source: Metson (1961) 

Available P (ppm) Ratings 
< 5 
5 – 10 
10 – 15 
15- 20 
>20 

very low 
low 
medium 
high 
very high 
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2.1.1.6. Potassium K 

Although the total Potassium content of soil is usually many times greater than the 

amount taken up by a crop during a growing season, in most cases only a small fraction 

of it is available to plants (Tisdale et al., 2002). Normally, K exists as unavailable, 

readily available and slowly available forms. Plants then directly absorb K from the soil 

solution where it is found in the most readily available form.  

Table 6.  Potassium rating 
 

 

 

Source: Metson (1961) 

2.1.2. Soil Physical Quality Indicators  

Soil physical quality plays an important role in determining the movement of water, 

mineral ions, and gases, and in root growth and development in agricultural soils. The 

physical properties of soils determine their adaptability to cultivation and the level of 

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

determine the soil's water and air supplying capacity to plants. Many soil physical 

properties change with changes in land use system and its management such as intensity 

of cultivation, the instrument used and the nature of the land under cultivation, rendering 

the soil less permeable and more susceptible to runoff and erosion losses (Sanchez, 

1976).Soil physical properties such as soil texture, soil structure and soil bulk density are 

important indicators of soil quality. Larson and Pierce (1991) suggested that physical soil 

Available potassium 
kg/ha 

Ratings 
 

<50 
50-100 
100-250 
250-450 
>450 

Very low  
Low  
Medium  
High  
Very high 
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quality indicators, such as soil aggregation, bulk density and porosity, plant available 

water holding capacity, soil thickness and rooting depth, and infiltration are often 

considered the best indicators for long-term soil quality studies. These indices are related 

to crop productivity, agricultural chemical adsorption, and their translocation within soil 

profile and consequently environmental pollution (Fageria, 2002).  

2.1.2.1. Soil texture  

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

textural analysis is a key component of any minimum dataset used for assessing soil 

quality and sustainability of agricultural management practices (Kettler et al. 2001). It is 

one of the most stable soil properties and is a useful index of several other properties that 

determine a soil‟s agricultural potential. It determines water intake rate, water storage in 

the soil, the ease of tilling the soil, the amount of aeration (vital to root growth), and also 

influence soil fertility (Gupta, 2000). It is also one of the inherent soil properties less 

affected by management, which determines nutrient status (White, 2006). Soil inversion, 

through plow-based tillage, may accelerate soil erosion and alter soil texture. Drastic 

alteration in soil texture due to erosion may be an indication of decline in soil physical 

quality (Lal, 1993). 

Texture affects the capacity of soil to retain OM by influencing chemical adsorption, 

physical protection mechanisms (Six et al.,2002), net primary production, and by 

regulating the oxygen and water supplies that control the decay and formation of soil OM 

(Schjønning et al., 1999). It is also indirectly affects the OM carrying capacity of a soil 

by affecting soil structure, which in turn controls oxygen and water supply, thereby 

regulating the rate and extent of decomposition of organic material (White, 2006). This 
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author also reported that fine and medium-textured soils, such as clays, clay loams, silty 

clays and silty clay loams, are generally more desirable than coarse-textured soils 

because of their superior retention of nutrients and water.  

2.2. Effects of Land Use and Management Practice on Soil Quality  

Land use and management practice greatly impact the direction and degree of soil quality 

changes in time and space. Within the last decade, inventories of soil productive capacity 

indicate human-induced degradation on nearly 40% of the earth‟s arable land as a result 

of soil erosion, atmospheric pollution, extensive soil cultivation, over-grazing, land 

clearing, salinization, and desertification (Oldeman, 1994).  

In Ethiopia soil fertility situation are more serious due to continuous cropping and 

removal of crop residues. As a result, sustainability of soil productivity has been under a 

threat due to continuous soil fertility depletion (Tesfa et al., 2001). Land use changes, 

improper farming practices especially cultivation of forest lands causes in overall land 

degradation instantly lowering soil quality.  

It is reported that traditional farming practices such as removal or burning of crop 

residues, overgrazing, and continuous cultivation without fallowing and excessive 

plowing tremendously aggravated soil degradation through resulting in decline of soil 

fertility and organic matter and soil acidification (Omotayo and Chukwuka, 2009). 

 The continuous use of such farming practice over a long period of time with little or no 

soil conservation measures has significantly eroded the fertility of the soil and 

agricultural outputs (Degefe, 2000). A decline in soil fertility as a result of land 

degradation has resulted in a decline in farmland productivity (Amede, 2003) 
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3. MATERIALS AND METHODS 

3.1. Description of the study area 

3.1.1. Location 

The study was conducted on Weli watershed, which is located in Ambo woreda, West 

Shoa zone, Oromiya Regional State, Central Ethiopia. It is the capital zone which is 114 

km away west of Addis Ababa lying between 80 47' - 90 21' North latitude and 37 32' - 

38 3' East longitude. The total area of Ambo district is 83598 ha (Ambo District 

Agriculture and rural development office report, 2014). According to SLM GIZ, the total 

area of Weli watershed is 1203ha divided in to 814 ha of farm land, 12a of grazing land, 

177 ha of bush/shrub land, 156 ha of degraded hillside, 10ha of gully and 33 ha of 

Homestead. 

 

Figure 1: Location map of the study area  
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3.1.2. Climate 

West shewa zone has unimodal rainfall pattern having one significant rainy season and 

one peak rainfall. The main rainy season is the period from June-September and the short 

rainy season is the period from March to the end of April  (USIAD, 2010). Mean annual 

rainfall is ranging from 1600 to 500 mm. The maximum and minimum temperature 

ranges 10 to 28 oc. According to National Metrological Agency the following graph 

shows the mean annual rainfall recorded for the past 27years.  

 

Figure 2: Annual rainfall in Ambo woreda 

Source: (NMA, 2013) 

0

200

400

600

800

1000

1200

1400

1600

1800

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
93

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

R
ai

nf
al

l  
(m

m
) 

Annual rainfall of Ambo woreda 

Annual RF



21 
 

 

Figure 3: Maximum and Minimum temperature in Ambo woreda 

Source: (NMA, 2013) 

3.1.3. Topography, Geology and Soil 

The geology of central high land of the country is characterized by late tertiary that 

covers the Pre- Cambrian rocks that underlie all other rocks in Ethiopia (Mohr, 1971). 

West Shewa is characterized by diversified land forms, predominantly, plateau with some 

small hills, mountain peaks, plateaus, plains, valleys, and lowlands. The altitude of Ambo 

woreda ranges from 1380-3300 meters above sea level having a “Woinadega to Dega” 

climatic characteristic Dega  35.3 % , Weyna Dega 50 % and  Kola 14.7% (Ambo 

District Agriculture and rural development office report, 2014 unpublished). 

Soils on the highlands of Oromia have been subjected to serious erosion due to 

destructive exploitation activities such as deforestation, over cultivation and bad farming 

practices (ONRS, 2011). Ambo Wereda Agriculture Office reported that the soil type of 
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color as red, black and brown soil. The soil of Ambo district is highly dominated by clay 

minerals which cover 36.25% red black soil covers 34.37% and mixed or brown covers 

29.38%. Although detailed soil description is lacking on specific study area, two major 

soil types are dominant in the watershed; red soil locally known as “biyyoodima” 

covering about 20% of the watershed, black soil (Vertisol) locally called 

“biyyoogurracha” covering 80% of the watershed. 

3.1.4. Vegetation  

West shewa area is covered with protected and dense natural forests. This includes 

Menagesha suba forest, Jibat forest, Chilimo forest and Gura forest. The vegetation 

coverage includes scattered trees, shrubs and eucalyptus tree plantations.  Trees and shrub 

species are mainly concentrated around homestead for better management and protection. 

Major types for vegetations found in Ambo are Cordia africana, Ficus vasta, Se                                                                                                                              

sbania, Balanites aegyptiaca, Lippias pp, Eucalyptus globullu, Schinusmolle and Acaccia 

species (Ambo District Agriculture and rural development office report, 2014). 

3.1.5. Population 

According to national population census report of 2008, the population of the woreda was 

202,655 of which 99,859 were male and 102, 796 were female. The targeted Weli micro 

watershed has 294 households with a total population of the watershed 1705 (GIZ-SLM, 

2013). Almost all people residing in the study area are Oromo ethnics and the language 

spoken is Afan Oromo and a considerable number of the community also can 

communicate in Amharic. 



23 
 

3.1.6. Agriculture, Farming and Livelihood system 

Ambo woreda is characterized as having good potential for agricultural production. 

Agriculture is overwhelmingly dependent on the timely onset, amount, duration, and 

distribution of rainfall. Rain-fed dependent agricultural mixed cropping along with 

livestock rearing land use systems are the major sources of food and income for 

maintaining the livelihoods of the study area.  

Crops are planted and harvested from September to January therefore, no planting 

undertakes during February and April. The major dominant cereal crops cultivated are 

Wheat (Triticuma estivum), Tef (Eragrositis tef), Sorghum (Sorghum bicolor), Barley 

(Hordeum Vulgar), Faba Bean (Vicia faba), and Maize (zea mays L.). Farming is done 

only using oxen plow traditional tillage method. According USAID the study site is 

categorized under Ambo-Selale Ginderberet Teff and wheat livelihood zone (USAID, 

2010). Livestock such as Cattle, Sheep, Goat, Donkey, Horse and Hen are the common 

livestock types in the area.  

The major income generating sources for farmers in the area are staple cereal sales and 

selling livestock products. Additional income sources from off farm sources are very rare. 

Very few people are engaged as daily laborers. Landless farmers have opportunities to 

sell their labor during peak seasons such as land tilling, weeding and harvesting.  
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3.2. Data source and study design  

Both primary and secondary data were collected to achieve the study objectives. 

Secondary data relevant for this study were collected from different sources including 

published and unpublished materials, books, journal articles, reports, and web sites. An 

in-depth literature search was conducted to gather information on the scientific and socio-

economic aspects of study area in agriculture.  

3.2.1. Reconnaissance survey 

Preliminary survey was carried out before the actual survey in order to overview the site 

conditions and to select sampling sites for soil and household survey. Accordingly, two 

villages from Weli and Weli2 micro-watershed adjacent or close to each other , which are 

administrated under Abebey doyo and Dobi Kebele, were selected as study sites. These 

villages were selected since both  contain both intervened  and none intervened farmlands 

that are located close to each other, having similar characteristics on farmland 

management practices, geological, soil, topographic and climatic conditions. In addition, 

both farmlands were assumed to have been on similar conditions before the establishment 

of the Climate Smart Agricultural interventions in weli watershed. 

3.2.2. Soil survey   

3.2.2.1. Soil Sampling and data collection  

Soil samples were collected from Weli and Weli2 micro-watershed cultivated land to 

assess the status of soil improvement through the analysis of some selected soil 

physiochemical properties. To minimize the difference in climatic, geologic and 

topographic conditions 18 closely located farm lands (nine from intervened farmland 
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(Weli) and other nine farmlands from none intervened (Weli2) farmlands groups, this is 

in order to compare the results achieved by the intervention on the improvement of soil 

physical and chemical qualities of the intervention site with that of nearest adjacent  farm 

land which has been in similar land management practices, topography, same agro 

ecological zone farm land  but which are  not  under the intervention of the project. The 

selected farmlands were also similar in chemical fertilizer use, farmland management 

practices, and cultivated similar crops (teff, wheat, bean and barley) at least for the past 

two consecutive cropping seasons.  A representative of composite soil samples were 

taken from each  6 plots points with approximate 20 meter difference apart in a “Zigzag” 

sampling method established at each of the sampling sites at a depth of 0 to 20cm by 

using soil auger sampler tool. Approximately one kilogram of composite sample from 

each soil depth was taken and put into plastic bags, air-dried at room temperature before 

laboratory analysis. A total of 18 soil samples were collected and packed carefully in 

plastic bags, labeled with cods written on with the required information‟s and taken for 

analysis at National Soil Testing Center in Addis Ababa. The parameters analyzed were, 

soil organic matter, total nitrogen, electrical conductivity, available phosphorous, 

available potassium, pH and soil texture. 

3.2.2.2. Soil property analysis 

The physicochemical analyses of the soil samples were conducted at National Soil 

Testing Center following standard laboratory procedures by Sahlemedhin Sertsu and 

Taya Bekele (2000) was employed to analyze soil properties. Total nitrogen content was 

determined following the Kjeldahl method (Jackson, 1958). The available phosphorus 

content of the soil was analyzed using sodium bicarbonate extraction solution at pH=8.5 
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following the method of Olsen et al. (1954). The organic carbon determinations were 

made following the wet oxidation method of (Walkley and Black 1934). Available 

potassium was extracted with Morgans‟s solution sodium acetate method and measured 

by flame photometer. The soil pH was measured using potentiometrically in the 

supernatant suspension of solution of a 1:1 or 1:2.5 soil liquid mixtures by using PH 

meter. The EC was measured by taking 10g of soil in 250 ml of water with a conductivity 

meter. Soil texture was also analyzed using hydrometer method. 

3.2.3. Household survey     

Relevant data regarding the impact of climate smart agriculture activities in sustaining 

soil quality, improving agricultural productivity and the farmland management practices 

in weli Micro-watershed was conducted through semi-structured questioners. Moreover, 

to gather relevant information key informant interview was held at various levels of 

Agricultural officers and DA‟s to get the necessary information on the study area. In 

order to conduct the household survey, a total of 90 households living in the micro 

watershed were taken from the District Administration with the help of DA‟s and 

available secondary sources. Total of 90 households were selected for household 

interviews, 45 households from Weli watershed and 45 households from Weli2 watershed 

which is adjacent to the first watershed, were selected using systematic sampling 

technique. Individual interviews and field observations were conducted to obtain 

additional information and for cross checking the respondents answers. Households 

selected from each of the watersheds were subjected to pre-prepared semi structured 

questionnaires (Annex 2). 
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Key informant interview were carried out with individuals who have expert knowledge in 

the study area and CSA activities. The key informant interviews were carried out with 2 

wereda officials, 2 development agents (DA‟s) in the kebele and sustainable land 

management experts from GIZ officials. The key informant interview was carried out 

based on a pre-prepared checklist (Annex 1). 

3.3. Data Analysis 

The soil data were tested for mean difference using Independent T-test on SPSS version 

20 to compare the mean values between the two compared farmland groups to perceive 

the was significant effect of CSA activities on the soil attributes. Data from 

questionnaires, interviews and conservation structures survey were analyzed using 

Microsoft excel and SPSS and the results are presented with descriptive statistics, 

frequencies, tables,  graphs and percentages were used to summarize the results. In 

addition, qualitative data generated from informal discussions were interpreted, analyzed 

and synthesized to support the actual results from the household questionnaires. 
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4. RESULTS AND DISSCUSION 

4.1. Impacts of CSA interventions on Soil quality   

The chemical parameters analyzed were Soil Organic Matter (OM), Total Nitrogen (TN), 

Available Phosphorous (Av.P), Available Potassium (Av.K), pH and Electrical 

Conductivity while Texture was the physical parameter analyzed. The data from the 

laboratory was analyzed using SPSS version 20.00 Independent samples t-test was used 

to analyze the significant difference between the soil sample results. Results of the data 

analysis for physical and chemical properties are indicated below (table7). 

Table 7: Soil physical and chemical properties in the study watershed 

 

 pH = Soil reaction,  EC= electrical conductivity,  TN = total nitrogen,  

OM = organic matter,  Av. P = Available phosphorus and  Av. K = Available potassium   

 

 

Soil property                  Mean values  
t-value 

 
P-value Intervened 

(weli) 
Non-Intervened 

(weli2) 
pH  H2O (1:2.5) 6.08 6.18 -1.042 0.314 
EC (ds/m) 0.11 0.08 1.308 0.211 
Sand % 26 22.89 2.325 0.034 
Silt % 34 38.44 -1.725 0.104 
Clay % 40 38.67 0.560 0.583 
TN (%) 0.248 0.246 0.125 0.902 
OM (%) 4.93 4.92 0.040 0.967 
Av. P (mg/ kg ) 48.74 37.82 0.562 0.584 
Av.  K (meq/100g) 1.47 1.41 0.215 0.832 
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4.1.1. Impacts of CSA on Chemical properties of Soil 

4.1.1.1. Soil reaction (pH) 

The pH of the soils was determined by potentiometric method with 1: 2.5 soils to water 

ratio. The mean pH of the soil under intervened and non-intervened farmlands was 6.08 

and 6.18 respectively. According to Booker (1991) rating, the overall pH of the studied 

soil was found to be slightly acidic reaction. The statistical analysis result (Table 7) did 

not show a significant variation in mean values of pH (P=0.314) between the soils under 

intervened and non-intervened farmlands at (0.05) level.  

4.1.1.2. Soil electrical conductivity (EC) 

Electrical conductivity (EC) measurements are used as indications of total quantities of 

soluble salts in soils. The quantities of salts which pass into solution depend on the 

relative amounts of soil and water used. EC values of the intervened and non-intervened 

farmlands were 0.107 dSm-1 and 0.847 dSm-1, respectively. According to USSLS (1954) 

having EC value less than are considered normal or alkaline free soils for intervened and 

non-intervened farmlands. The statistical analysis result (Table 7) indicated that there was 

no significant difference on EC (P=0.211) between the soils under intervened and non-

intervened farmlands at (0.05) level. The soils on study area are not saline.  
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4.1.1.3. Soil organic matter (SOM) 

The organic matter content of the soil is taken as a crude measure of fertility status. The 

organic carbon of the soils was determined by walkley- Black method (Walkely and 

Black, 1934) and the organic matter was estimated indirectly from the organic carbon 

determination (OM% = 1.72 X % OC). In general, organic matter is considered to 

improve water-holding capacity, nutrient release and soil structure (Booker, 1991).  

SOM values of under intervened and non-intervened farmlands were 4.93 % and 4.92 %, 

respectively. According to Metson (1961) soils having SOM value in the range 4.2 % to 6 

% are considered high, which are important for most crops.  Soil and water conservation 

interventions reduce surface runoff and soil loss, retain water that enhances crop growth 

and contributes to SOM input (Kebede et al., 2011). This indicates that type and intensity 

of other land management practices that individual farmers adapted in the past has a 

major effect on the current level of SOM.   

The statistical analysis revealed that OM content is not significantly different from the 

mean OM (P=0.211) between the soils under intervened and non-intervened farmlands at 

(0.05) level. This may indicate that a relatively more time may be required for CSA 

practices to bring changes in soil organic matters. 
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4.1.1.4. Total Nitrogen (TN) 

Nitrogen, one of the major plant nutrients, occurs in soils in several forms, and 

breakdown and humification of organic matter. The distribution of total nitrogen content 

followed a similar pattern to organic matter distribution. Nitrogen is higher in those soils 

with higher organic matter content and lower in those having lower organic matter 

content.  

The results of T- test indicated that there was no significant difference in mean values of 

the total nitrogen between intervened and non-intervened farmland at (0.05) level 

(P=0.902) (Table 7).The study area total nitrogen values for under intervened and non-

intervened was 0.248 % and 0.246 %, respectively. According to Booker (1991) rating of 

soils TN from 0.225 % to 0.300% are considered to be high. However, the distribution of 

total nitrogen content followed a similar pattern to organic carbon distribution and was 

relatively higher in the intervened farm lands followed by none intervened farm lands. 

Such result is expected since most soil nitrogen is bound in organic carbon. 

 The total nitrogen (%) of the soil under intervened farmlands was a slight greater than 

that of non-intervened farmlands (Table 7). A 0.002% of total nitrogen in non-

intervention farmlands compared to non-intervened farmlands could be associated with 

the observed poor farm land management and conditions of farmlands.  

4.1.1.5 Available phosphorous (Av.P)  

Available P occurs in soils in both organic and inorganic forms, the latter usually being 

the more important for crop nutrition. The Available P of the soils was determined by 

Olsen method. Available P means value of the intervened and non-intervened farmland 
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was 48.74 mg/ kg and 37.82 mg/kg, respectively. According to Metson (1961) soils 

having available phosphorus value gather than 20 mg/kg are considered as very high 

level available P for most crop production. The outcome of the analysis (Table 7) has 

shown that there was no significant difference (P=0.096) in mean values of soil Av.P 

between intervened and non-intervened farmland at (0.05) level (table 7).  

The study reveals both intervened and non-intervened farmlands have reach in 

availability phosphorous which may be related to the application of animal manure, 

compost, and household wastes like ashes for soil fertility improvement. Moreover, 

farmers have been applying Diammonium phosphate (DAP) fertilizer on their farmland. 

This may suggest that the supply of phosphorous in the area is through the parent 

material, organic matter and intervention measures had probably no effect on the amount 

of soil Av.P.  

4.1.1.6. Available potassium (Av. K)  

The available K mean values of intervened and non-intervened farmlands were 1.47 and   

1.41meq/100g, respectively. The statistical analysis revealed that the treatments available 

K content is not significantly different from the mean available K (P=0.832) between the 

soils under intervened and non-intervened farmlands at (0.05) level (Table 7). The 

available k of soils under intervened farmlands was greater by 0.06meq/100g than non-

intervened farmlands.  
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4.1.2. Impacts of CSA on physical Properties of Soil 

4.1.2.1. Soil texture  

Texture of soils under both intervened and non-intervened farmlands was analyzed to 

determine the physical characteristics of soils under those lands. The result of the T-test 

(Table7) indicated that there was no significant difference in mean values of silt 

(P=0.104) and clay (P=0.583) contents between intervened and non-intervened while 

mean values of sand contents showed a significant difference (P=0.034) between the 

lands. 

Texture classification of the soil under both intervened and none intervened farmlands 

were clay loam, which indicates that texture, is the least to be changed because of 

management. But sand and clay content of soils under intervened farmlands were higher 

compared to the sand and Clay contents of soils under non-intervened farmlands (Table 

7). Higher content of sand and clay in a soil may imply due to soil and water 

measurement intervention was retaining to behind the intervention measures. This 

condition might be aggravated by non-intervened farmland highly influenced by soil 

erosion especially silt soil highly affected under non-intervened farm land. 

4.2. Perception of farmers in relation to CSA activities  

4.2.1. Characteristics of the Households 

Household questionnaires were carried out on 90 purposively selected households. The 

results of household responses as analyzed in SPSS are indicated as follows. 
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CSA intervened households, 53.4% of the respondents were aged 20-40. About 48.9% of 

the respondents from the intervened households had primary level education while 35.6% 

of the respondents were illiterate. From the total respondents all farmers had their own 

farm land, the household survey results indicated that 57.7% of the respondents in the 

intervened households have farm size between 1-3 hectares and 40% of the respondents 

have 4-6 hectares. 

Table 8: Characteristics of the households   

Variables Intervened HH Non-intervened HH   

Frequency Percent (%) Frequency Percent (%) 

Age categories 

20-40 

41-60 

61-80 

>80 

 

24 

12 

8 

1 

 

53.4 

26.6 

17.8 

2.2 

 

14 

20 

10 

1 

 

31.2 

44.4 

22.2 

2.2 

Education Level 

Read and write 

Primary 

Secondary 

Illiterate 

 

2 

22 

5 

16 

 

4.4 

48.9 

11.1 

35.6 

 

2 

23 

0 

20 

 

4.4 

51.2 

0 

44.4 

Farm land size(Ha) 

1-3 

4-6 

>6 

 

26 

18 

1 

 

57.7 

40 

2.2 

 

25 

18 

2 

 

55.6 

40 

4.4 

Source: Field survey, 2014 
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4.2.2. Household sources of Income   

According to the survey, main farmers‟ activity is crop production, primarily for source 

of income followed by livestock production. The communities of the watershed are also 

engaged in certain non-farming activities. 100% of the intervened HHs gets income from 

vegetables production and animal husbandry and 66.7% from beekeeping while these 

sources of income activities are not practiced on non-intervened HHs. This indicates CSA 

intervention is contributing to the livelihood diversification of the HHs. The farmers also 

participate on the construction of conservation measures during off working time on their 

farm land.  

 Table 9: Household source of income of the Respondents (n=45) 

  
Sources of  Income  

Intervened HH (Weli) Non-intervened HH (Weli2) 

Frequency Percentage 
(%) Frequency Percentage 

(%) 
Crop production 45 100 45 100 

Livestock production 16 35.5 12 26.6 

Animal husbandry 45 100 3 6.7 

Casual labor - - 2 2.2 

Pension and credits - - 5 5.5 

petty trade/ Tella 4 - 3 6.7 

Beekeeping 30 66.7 - - 

Vegetable production 45 100 8 17.8 

Source: Field survey, 2014 
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4.2.3. Relating Temperature and Rainfall trend with farmers opinion   

About 91% of the total respondents reported that temperature has increased within the 

last five years. About 65.6% of the respondents reported that they receive adequate 

rainfall for crop production and the remaining 34.4% responded they don‟t get enough 

rainfall for cultivation. On the other hand, 85% of the respondents indicated that the 

amount of precipitation has decreased in terms of intensity and quantity. Regarding the 

rainfall distribution, 40% of the participants responded that they received late rainfall 

ending in the same period.  

Current scientific evidence suggests that global climate change will lead to greater 

rainfall variability (World Bank, 2011). The climate source data from NMA also showed 

that there is a rainfall and temperature variation on Ambo Woreda station (NMA, 2013).  

Thus depending only on rain fed farming systems has led to reduction in crop yield. This 

shows that the community‟s ability to adapt to decreased precipitation is limited due to 

their vulnerability on heavy dependence on rainfall. 

Table 10: Perception of respondents on Temperature and Rainfall trend (n=90) 

Source: Field survey, 2014 

Perception of respondents Trend  Frequency Percentage 
(%) 

Temperature change for the 
last 10yrs 

Increasing  83 91.1 
Decreasing  7 7.8 

Adequate Rain fall received 
for cultivation 

Yes 59 65.6 
No 31 34.4 

Amount of precipitation 
(intensity, quantity, times) 

Increasing 10 11.1 
Decreasing 77 85.6 
constant or no change 3 3.3 
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4.2.4. Farmers’ perception on state of deforestation 

Deforestation is a major problem in the study area. According to the perception of the 

participants and researchers‟ observation, there were almost no natural forest which can 

be seen in the watershed. However, as mentioned by 100% of the respondents, there was 

natural forest before 15 years ago. Therefore, the respondents‟ main causes of 

deforestation are cutting of trees for fuel wood and charcoal production (69%) followed 

by conversion of forest to farmland (20%) and for house construction purposes (11%).  

 

Figure 4: Causes of deforestation as perceived by farmers in Percent (%) 

Source:  Field survey, 2014 
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As a result, modern fuels, including electricity were not commonly practiced as sources 

of household energy in the study area. More significantly the households under the non-

intervened were found to use 91% firewood and charcoal as a source of energy. These 

sources of energy are collected mainly from the natural forest, private forest and private 

wood land. On the contrary, most important of sources of energy in the intervened 

households‟, in their order of importance are stoves (energy saving) 100%, wood and 

charcoal 57.8%, animal dung and crop residue 26%. Eventually CSA interventions 

greatly contributed to the shifting of using energy source from natural forest to energy 

saving stoves. 

Table 11: Sources of Energy in the study watershed (n=90)  

Sources of energy 
Intervened HH Non-intervened HH   

Frequency Percent (%) Frequency Percent (%) 
Fuel wood and charcoal 26 57.8 45 91.1 

Animal and crop residue 12 26.6 18 40 

Energy saver stoves         45 100 -   

Source: Field survey, 2014 

4.2.5. Farmers opinion on Soil fertility status  

Out of the total households, 97% of the respondents have their farm land situated on a 

favorable condition for cultivation. According to the surveyed HHs, perception of the 

respondents on the soil fertility status of their farm land showed that 78.9% have 

moderately fertile soil while 12.2% have unfertile soil. Only 1.1% of respondents with 

highly fertile soil are in the watershed. 
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The respondents use different interventions to improve soil fertility. Application of 

inorganic fertilizer is one way of soil fertility improvement system in the watershed. 

From the surveyed respondents, 74.4% use chemical fertilizers. The chemical fertilizers 

that are used in the watershed are DAP and UREA. However, only 2.2% uses animal 

manure. This indicates that there is a significant gap in the use of natural fertilizers such 

as animal manure in the watershed. Regarding the use of pesticides, 78.9% of the 

respondent‟s uses chemical pesticides and 14.4% apply natural controlling methods. 

Table 12:  Farm Land Condition of the Watershed (n=90) 

Source: Field survey, 2014 

 

Farm Land Condition of the Watershed Frequency 
Percentage 

(%) 

Nature of Farm Soil 

Highly fertile 1 1.1 

Fertile 7 7.8 

Moderately fertile 71 78.9 

Not fertile 11 12.2 

Fertilizers used 

Chemical 67 74.4 

Animal manure 2 2.2 

Both chemical and manure 21 23.3 

Pesticides used 

Chemical 71 78.9 

natural methods 2 2.2 

both chemical and natural 4 4.4 

Natural 13 14.4 
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4.2.6. Existing CSA activities in the watershed  

The field study revealed that different types of CSA activities exist in the study 

watershed. Many of them were aimed to improving moisture use efficiency and prevent 

land degradation particularly to reduce soil loss.  

In this regard the observed structures during field survey include soil bunds, Cut off 

drain, gully, Trench, Hillside terrace, Micro basin, Eyebrow basin. Likewise, (Worku 

Hailu et al., 2012) hillside terraces, soil and stone bunds on cultivated land, tree planting 

and closure of grazing areas where the major soil and water conservation activities that 

has been active in conservation works of Ethiopia Since 1980‟s. 

CSA conservation and activities in the watershed are appropriate for soil erosion and 

runoff control.  Other CSA measures were aimed to increase the vegetation cover and 

carbon stock or biomass through afforestation, reforestation, reduce deforestation and 

forest degradation as well as to improve productivity and living conditions of the 

community. 

According to surveyed HHs respondents pointed out that they were using different 

measures as treatment to the soil fertility of their farm land. The most commonly 

practiced activities as soil fertility management by the intervened households is applying 

improved tillage practices such as Crop rotation, intercropping, row planting.All the 

respondents also use improved crop varieties of seeds 100%.  

Some of the associated CSA conservations constructed in weli watershed are Soil bunds, 

Stone faced bund constructions, Trench and Hillside terrace construction, Cut off drain 

construction, Eye brow basin construction, Micro basin construction, Gabion check dam, 
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Tree and grass seedling, planting on physical structures, Area enclosure, agro forestry 

system, The activities witnessed on field survey in the farmlands of weli watershed are 

indicated below (Figure 5). 

 

Figure 5: Existing CSA interventions in Weli watershed  

Source:   Field survey, 2014 

The GCCA project, with an aim to improve moisture use efficiency and prevent land 

degradation to reduce soil loss, has promoted different physical measures and soil 

conservation structures for the small scale farmers on Weli watershed. Major activities 

carried out in the watershed since the start of the implementation are indicated below 

(table 13). 
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Table13. Type of CSA conservation structures constructed in Weli watershed 

CSA (crop production) Types of measures or structures   Unit of measurement 

Physical soil 

conservation structures 

 

Soil bund construction 65km 

Cut off drain construction 

Bund maintenance  

75 m3 

35m3 

Biological conservation 

measures 

grass planting on physical structures 30 km 

tree or shrub planting on physical 

structures 

30 km 

direct sowing with grass and tree 

seeds 

35km 

 

Agro forestry practices 

Promote scattered trees on 

farmlands(faihderbi,Croton) 

4 Ha 

Promote alley cropping with trees and 

shrubs 

2 Ha 

 

(Crop rotation, alley cropping, inter 

cropping, intercropping, strip 

cropping, row planting)  

100% achieved  

mulching, composting and manuring 3Ha 

Source:  SlM-GIZ report, 2013 

Promotion of participatory forest management, is the other component  of  climate smart 

activity being applied on Weli watershed  together with  awareness creation of farmers to 

increase the vegetation cover or biomass through afforestation, reforestation, reduce 

deforestation and forest degradation as well as to improve productivity and living 

conditions of the small scale farmers in the watershed.  
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The result of household survey indicated that farmers in the intervened farmlands have 

started applying agro- forestry activities such as planting scattered trees on farmlands 

promote alley cropping with trees and shrubs. The farmers use those plants for animal 

feed and fuel wood. The plantations of tree or shrub on physical structures also help to 

stabilize the physical structures and minimize the need for maintenance works.  

Table 14.Type of CSA Participatory forest management in the Weli watershed  

Forest management Types of measures  or  structures  Unit of Measurement 

Plantations Seedling production 627,773 (No) 

Tree and grass seedling planting 20 Ha 

Physical measures 

 

 

Trench construction  14,986 (No) 

Hillside terrace construction 20 km 

Micro basin construction 200 (No) 

Eyebrow basin construction 150 

Cut off drain construction 350m3 

Biological measures Terrace planting or vegetating 26km   

Gully rehabilitation Gabion check dam 311m3 

Loose stone check dam 98m3 

Gully planting and re-vegetation 2.5Ha 

Enclosure 

 

Area enclosure on hillsides 45Ha 

agro forestry systems 4Ha 

Enclosing steep slopes  14Ha 

Source: SlM-GIZ report, 2013 

It was observed in the field survey, the conservation activities carried in Weli watershed 

are properly managed and maintained are expected to bring a positive impact on the soil 

in the long run.  
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4.2.7. Perception of farmers on climate smart agricultural measures  

The result of the survey indicated that farmers, who are implementing the CSA practices, 

have good perception on the advantage of introduced climate smart agricultural measures. 

Farmers‟ responses were commonly encouraging to the question regarding the benefits of 

CSA measures.  

The physical and biological measures, especially soil bunds, trench construction, hillside 

terrace construction and, planting vegetation on physical structures were widely 

acknowledged as being effective measures to reduce soil erosion and as having a 

potential to improve farmland productivity. About 100% of the respondents from the 

intervened and 65% of the farmers from non-intervened were aware of the importance of 

CSA practices can be used to improve moisture use efficiency, prevent land degradation 

and to reduce soil loss. 

Key informant interviews with the Ambo agricultural and natural resource management 

experts revealed that even if the degree and efficiency varies from household to 

household, all the farmers had taken individual activities directly or indirectly in the 

intervention measures on Weli watershed. Technical trainings have been given for the 

farmers on the climate smart agricultural activities.  

All of the respondents who had implemented the CSA practices have a strong believe that 

it is an advisable measure to achieve a better production, improve soil fertility, protect the 

land from degradation. Furthermore farmers are expecting better benefits form the project 

to increase their income from crop production, enhance soil fertility, control soil runoff 

and getting support on inputs such as improved variety of seeds.   
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4.3 Impacts of CSA practices on crop productivity  

Crop production is the most important livelihood source for households in Weli 

watershed. Teff is the major crop in the area followed by wheat, sorghum, maize and 

beans. Of the total households surveyed, 93%, 76%, 71%, 62% and 60% of them have 

grown teff, wheat, sorghum, maize and beans respectively (Fig. 6).  

 

 

Figure 6:  Major crop types grown in the watershed   

Source:    Field survey, 2014 

According to the data obtained from Ambo Woreda Agricultural Office, the general trend 

of crop productivity started decreasing in 2002/03 E.C. until 2004/05 cropping calendar. 

Even though the cultivated land was constant since 2003, the crop production stayed in a 

decreasing trend up to 2004. In addition 2003 was the pick year for decreased in 
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cultivated land while year 2004 for crop production. The crop production trend started 

recovering since 2004 E.C., and proper utilization of inputs and extension services are 

indicated as the major reasons for increasing productivity during this period. The trend 

shows that the total production for the woreda remained the same for a decade.  

 

Figure 7: Annual crop production trend of Ambo woreda 

Source:  Ambo woreda Agricultural office, 2013                  

The household survey result showed that 75.5% of the households in intervened area 

responded increasing trend in crop productivity over the last five years, while only 40% 

of the households in non-intervened area indicated that productivity is increasing. 

However, 60% of the non-intervened households reported decreasing trends of crop 
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productivity for the past five years; this might be due to the decline of soil fertility in the 

farm lands.  

Table 15: Trend of crop production in the study watershed for the last five years 

Trend of 

production                                 

Intervened HH (Weli) Non-intervened HH (Weli2) 

Frequency Percent (%) Frequency Percent (%) 

Increasing 34 75.5 18 40 

Decreasing 9 20 27 60 

Constant 2 4.4     

Total 45 100 45 100 

Source: Field survey, 2014 

Production and productivity of major crops was collected and analyzed to investigate the 

impact of CSA on crop production. Independent sample t-test is used to see the 

significance difference in average crop yield between the intervened and non-intervened 

watershed groups. Results of the data analysis for the crop yield are indicated below 

(Table16).  

Table 16: Average crop yield in the watershed 

Source: Field survey, 2014 

Crop types  Mean values  
t-value 

 
P-value Intervened 

(Weli) 
Non-intervened 

(Weli2) 
Teff  21.50 16.53 2.473 0.016 
Wheat  27.23 20.07 2.275 0.025 

Sorghum 23.73 14.17 3.474 0.001 
Maize  28.00 19.64 2.330 0.023 
Beans  20.39 11.88 2.548 0.013 
Barley 14.76 11.07 1.441 0.155 
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Survey result in (Table 16) shows that there is significant difference in quantity of major 

crops produced by households in Intervened and Non-intervened areas. For instance, 

average yield of teff for households in CSA intervened area is significantly greater than 

the average yield of teff obtained by households in non-intervened area by about 5 

quintals per hectare. Similarly, wide difference is observed between the two groups 

(intervened and non-intervened groups) in terms of average yield of wheat, sorghum, 

maize and beans. The result shows that CSA practices benefited households to gain yield 

advantage of 7 quintals in wheat production and 9 quintals in sorghum, maize and bean 

productions. This is due to the fact that intervened households apply CSA practices which 

include soil conservation activities as well as application of recommended amount of 

agricultural inputs and extension services.  

On the other hand, the survey result is compared with average yield of major crops 

produced in West Shewa Zone where the study area is located. The average yield of 

major crops (such as teff, wheat, sorghum, maize and beans) produced in non-intervened 

area is much lower than the average yield for corresponding crops produced in West 

Shewa Zone (CSA, 2013), which implies the level of land degradation and very low crop 

productivity in the area. However, CSA practices supported households in the intervened 

area to improve their productivity, where the average yield of teff and wheat for 

intervened areas is larger than the zone average by 5 and 3 quintals respectively. Yet, 

further work is expected from CSA practices to surpass the average zone yield in crops 

such as maize, sorghum and beans.  
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5. CONCLUSIONS AND RECOMMENDATIONS 

5.1. CONCLUSIONS 

It is a well-known fact that crop production is the most important livelihood source for 

households in developing countries. Especially for a country like Ethiopia in which the 

development of the country is led by the progress and advancement of the agriculture 

sector, crop production plays a vital role and the target area of Weli watershed is no 

exception.  

In this study, the CSA intervention on Weli was specifically selected to demonstrate the 

impact of climate adaption and mitigation projects on the soil quality, crop production, 

and livelihood of the people involved and the perception and understanding of the 

community on new and advanced climate smart technologies and techniques. Even 

though the project is more recent and it‟s on initial stage, the results from this research 

might provide a new approach on assessing and evaluating climate smart projects and 

their impact or to the very least this research will show the impact of CSA interventions 

on Weli watershed.  

As being a recent project, it was arguably easy to show that we can not see influentially 

big difference on soil quality between intervened and non-intervened areas, even though 

there are indications that there are small and positive changes. With the continual efforts 

and cooperation between all involved, the project will in fact produce the targeted 

positive impact on soil quality and better agricultural production.  
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The standard soil laboratory analysis did not show remarkable difference for the tested 

parameters. The results showed that, the level soil pH (P=0.314), soil organic carbon 

(P=0.211), total nitrogen (P=0.902), EC (P=0.211), Av.K (P=0.832) and Av.P (P=0.096), 

silt (P=0.104) and clay (P=0.583) were not significantly (p≤0.05) different on the 

intervened farmlands of CSA (Weli) watershed as compared to the non-intervened 

farmlands (weli2). While only the mean values of sand contents showed a significant 

difference (P=0.034) between the two compared farm lands. 

Productivity of the target area as well as the perception of the community towards climate 

smart activities and techniques has improved drastically. The result shows that CSA 

practices benefited households under the intervention to gain yield advantage of 5 quintal 

in teff, 7 quintals in wheat and 9 quintals in sorghum, maize and bean productions than 

the yield of households under non-intervened. The result in productivity can greatly be 

attributed to the fact that the project focused not only on bringing positive change to soil 

quality improvement but also bringing positive change for small scale farmers achieve a 

better yield as well.  

The assessment of farmers‟ perceptions on the intervention indicates that farmers have 

consistent judgment of the usefulness of CSA activities to meet their high income level. 

This has led to create a community which strives for agricultural and economic 

development as well as that cares and tries to maintain the balance and harmony of the 

ecosystem. This in turn makes the progress and the impact of the project twice as 

effective.  

The lessons learned in this research by the assessment of GCCA-E project on Weli 

watershed, can indicate new approach on how climate smart technologies should be 
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evaluated and assessed in the future. Considering the rapid growth and impact of climate 

change on the modern world, the accustomed way of evaluating the progress of these 

projects after they have progressed for a long period of time might not be a path to take in 

the future. This research proposes a continuous and progressive assessment of climate 

related projects.  

Through this research it was noted that changing the actual quality of soil is a gradual 

change, while improving the crop productivity as well as bringing awareness, 

understanding and positive change on the community involved might take short amount 

of time in comparison. This indication can be used in the future to identify projects that 

are on the right path of their intended targets and those projects that are doomed to fail. 

Such projects as GCCA-E usually result in bringing positive change in the community 

and they are backed up by the support of the society, this in turn result in boosting the 

agricultural productivity of the area and through gradual development leads to soil quality 

improvement. Projects which fail to gain acceptance by the community and fail to 

increase the productivity of the area are basically going to fail. This approach might even 

be used to discontinue projects that will fail even before the projects spend too much time 

and resources. 
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5.2. RECOMMENDATIONS  

The initial start of CSA practices had shown positive impacts on farmer‟s way of criteria 

of production. For the successfully bringing the intended impact on the soil quality, the 

project should keep on continually maintain and improving CSA interventions.   

Considering the advantages of activities towards improving the soil quality and 

agricultural productivity, there should be a continuous awareness creation mechanism for 

the local communities and a close follow up process on the proper maintenance and 

management of the structures along with integrating strengthening and expanding 

existing CSA soil fertility management practices. To successfully bring the intended 

impact, the project should not lose the support and acceptance of the community living in 

the watershed. 

The indicated new approach can be implemented to assess new and recent climate related 

projects. Thus, current findings and other results of different activities of CSA would 

serve as a potential entry point for the engagement of the CSA practices and will provide 

useful information for further documentation on CSA. The use and implications of these 

types of researches is greatly undermined. It was very difficult to find valuable 

information on CSA activities related with this research. The government and 

governmental institutions, research centers and higher learning centers should encourage 

these types of researches and their results should be allowed to influence positive change. 
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Annex 1 

Check lists for key Informant’s discussion 

Name of interviewer - Date-      /     / Total number of participants  
Name of kebele/village -    

Crop production prospect   

What are the crops contribution to the seasonal and annual production obtained?  

Are there changes in type of crops cultivated after the intervention of the project? 

What are the reasons? 

What are the main reasons for significant change in the intervention land as compared 

to the land without the intervention of CSA?  

CSA benefits after the intervention of the project   

Did the soil fertility increased as a result of the introduced practices? 

How do you see the crop productivity yield with the respect to the level of income       

before the start of the project? 

 Did the farmers overall income increased? 

Socioeconomic and livelihood benefits 

Mention the livelihood benefits of the introduced practices? 

Did the farmers well understand the purpose of the Interventions? 

Did the farmers acknowledge the purpose of the practices? 

Will they adapt and keep the introduced practices activity regularly? 

Where there any challenges and constrains that occurred while implementing the 

practices? 
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Annex 2 

HOUSEHOLD QUESTIONNAIR 

The Role of Climate Smart Agricultural practices for Climate Change Adaptation: 

a case study in Ambo woreda, West Shewa, Oromia Zone, Ethiopia 

Name of interviewer - Date-      /     / Questionnaire ID- 
Name of kebele/village -    

Section I. Household Respondent Personal Information 

1. Name of respondent     ____________________ 

2. Position in the household [    ] 

         1. Head       2. Spouse       3.Child     4.Father or Mother of the head    5. Others 

3. Gender   [    ]   1. Male         2. Female 

4. Age________________ 

5. Educational level [    ] 

    1. Read and Write  2. Primary    3. Secondary and Above 4.College 5.less than 1st 

Grade 

Section II. Rainfall, temperature and Climate change variability 

1. How do you see the change in temperature for last ten years ?[    ] 

1. Increasing trend          2. Decreasing trend   3. Constant or no change   

2. Does your area receive adequate rainfall for cultivation?  [    ] 

1. Yes          2. No 

3. In what way do you observe the patterns of rain fall in your area for last ten years? [    ] 

1. Increasing trend           2. Decreasing trend   3. Constant or no change   

4. How is the distribution of rainfall within seasons? [    ] 

1. Early rains for a longer period  
2. Early rains for a shorter period  
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3. Late rains ending same period  
4. Late rains for a slightly longer period  
5. late rains for a shorter period  
6. Other____________________ 

 

Section III. Agriculture and Crop Production  
 
1. Does your household own cultivated or farm land for crop production? [    ] 
       1. Yes      2. No 
 
2. If you have cultivated land what is the total size of your farm land? [_______]Hectares 
 
3. Is your farm land situated in favorable condition for crop production? [    ] 
      1. Yes           2. No 
 
4. What is the nature of your farm soil? [    ] 
      1. Highly fertile     2Moderatly fertile       3. Fertile       3.Not fertile     
 
5. What is the source of water for your farm land? [    ] 
      1. Rain fed       2. Irrigation        3.River/stream/lake/pond     4. Others 
 
6. What type of fertilizer do you use? [    ] 
       1. Chemical    2. Animal manure     3. Both chemical and animal manure 
       4. Others specify ______________________ 
 
7. What types of pesticides do you use? [    ] 
       1. Chemical (insecticides, fungicides)   2. Natural methods 
       3. Both chemical and natural                4. Others specify ___________________ 
 
8. Do you use improved variety of seeds? [    ] 
           1. Yes           2. No 
 
9. What are the possible crops you have been growing on your farm land? (Multiple 
response possible) [    ] [    ] [    ] [    ] [    ] [    ] 
 

1. Teff 
2. Barely 
3. Wheat  
4. Sorghum 
5. Beans 
6. Peas 
7. Maize 
8. Lentils  
9. Other pulses specify ____________________ 
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10. Other oilseeds specify ___________________ 
11. Vegetables specify______________________ 
12. Other fruits  specify ____________________ 

 
 
 
 
10. Harvested quantity of cultivated crops on this year? 
List of Crop 
type  

Cultivated area 
(hectares) 

Harvested quantity 
in quintal  

Remarks  

    
    
    
    
 
11. How do you see the trend of your production for past 5 years? [    ] 

1. Increasing  
2. Decreasing 
3. Constant 
4. Others specify_____________________ 

IV. Household sources of Livelihoods, Coping Mechanisms   
1. What are the main household sources of income of your livelihoods system? (Multiple 
responses are possible). [    ][    ][    ] 

1. Crop cultivation 
2. Livestock trade 
3. Animal husbandry 
4. Other employment 
5. Casual labor 
6.  Pension 
7. Credit from institutions  
8. Others specify________________________________________________ 

2. How much do you earn in a month? ______________________ 
3. What are the causes of deforestation in this area?  

 1. Charcoal production  
2.  House construction   
3. Turning forest the lands for cultivation land   
4. Others specify_____________________ 

4. What is your source of energy do you use for household? 
 1. Wood and Charcoal  
2.  Animal dung and crop residue  
3. Gas 
4. Others specify_____________________ 

5. Did you practice any coping strategy to mitigate impacts of climate change?  [    ] 
         1. YES        2. No 
6. If your response for above question is yes, what coping mechanisms you have been 
practicing before? (Multiple responses are possible). [    ][    ]  
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1. Changing the type of crop 
2. Borrowing of food or cash on credit  
3. Engage in alternative sources of income 
4. Selling of livestock’s  
5. Selling of charcoal and fire wood 
6. Long/short term Migration  
7.  casual labor 
8. Others specify__________________________________________________ 

 V. Climate smart crop production practices  
1. Do you apply climate smart agricultural practices on your farm fields? If yes, when did 
you start use? _____________________ 
2. Can you mention the types of climate smart crop production practices you are using? 
      __________________________                  __________________________ 
 
3. Having applied these interventions, have you observed a change in yield production of 
crops after the start of the intervention? [    ] 

1. Yes        2. No 
4. If your answer is yes, how is the trend of the crop production?  
          1. Increasing                 2. Decreasing  
5. Which of the following practices do you apply to improve physical soil moisture and 
soil conservation structures? (Multiple responses are possible). Tick           

1. Soil-bund construction [    ] 
2. Stone-bund construction [    ] 
3. Stone-faced soil-bund [    ]  
4. Cut-off-drain construction[    ] 
5.  Artificial water way construction[    ] 

 
6. Do you use improved crop seed varieties? If yes, mention the type of crop varieties you 
use? __________________________ 
 
7. How do you see the futures of climate smart crop production practices in your locality 
in relation to adapting climatic problems? 

1. Advisable  
2. Not advisable 
3. It is difficult to judge 
4. I have no idea 
5. Others specify__________________________ 

 
8. What would you benefit in future from these interventions?    
_________________________ 
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Annex 3 
Statistical analysis results of soil parameters (T-Test) 

 
 

 

 

Group Statistics 
 Sample group N Mean Std. Deviation Std. Error 

Mean 

   pH  (1:2.5)  Intervened 9 6.0889 .20276 .06759 
Non-intervened 9 6.1778 .15635 .05212 

Electrical 
conductivity(ds/m) 

 Intervened 9 .10700 .041446 .013815 
Non-intervened 9 .08478 .029698 .009899 

Sand %  Intervened 9 26.00 2.828 .943 
Non-intervened 9 22.89 2.848 .949 

   
Silt % 

 Intervened 9 34.00 5.477 1.826 
Non-intervened 9 38.44 5.457 1.819 

Clay %  Intervened 9 40.00 5.000 1.667 
Non-intervened 9 38.67 5.099 1.700 

Total Nitrogen  Intervened 9 .22800 .018000 .006000 
Non-intervened 9 .24644 .033986 .011329 

Organic Carbon  Intervened 9 2.64222 .207049 .069016 
Non-intervened 9 2.85667 .393764 .131255 

Avilable  Phosphorous 
(PPm) 

 Intervened 9 48.74333 50.521908 16.840636 
Non-intervened 9 37.81667 29.067567 9.689189 

Available Potassium  
(meq/100g) 

 Intervened 9 1.47000 .483994 .161331 
Non-intervened 9 1.41778 .544123 .181374 
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Annex 4 

Soil laboratory result 

National Soil Testing Center 

Result sheet for soil chemical and physical analysis 

Study area:- Oromiya Location:- Ambo Supplier:- Simret Mekonen. 

Date: 

07/04/14   

Lab No. Field No Depth (cm) pH EC dS/m % Sand % Silt % Clay Class USDA 
% 

T.N 
OC 
% 

Av.P.Ol. Av.K 
PPm meq/100g 

182 /14 GCCA1 0-20 6.0 0.129 26 30 44 clay 0.209 2.42 16.37 1.83 
183 /14 GCCA2 0-20 6.1 0.180 26 36 38 Clay loam 0.209 2.42 27.42 0.82 
184 /14 GCCA3 0-20 6.0 0.118 28 38 34 Clay loam 0.252 2.92 113.19 1.89 
185 /14 GCCA4 0-20 6.4 0.142 28 38 34 Clay loam 0.238 2.76 152.75 2.25 
186 /14 GCCA5 0-20 6.0 0.105 24 42 34 Clay loam 0.211 2.45 53.85 1.43 
187 /14 GCCA6 0-20 6.1 0.054 26 32 42 clay 0.244 2.82 21.21 1.02 
188 /14 GCCA7 0-20 6.2 0.058 20 36 44 clay 0.234 2.71 18.85 0.92 
189 /14 GCCA8 0-20 5.7 0.070 26 30 44 clay 0.210 2.44 4.89 1.43 
190 /14 GCCA9 0-20 6.3 0.107 30 24 46 clay 0.245 2.84 30.16 1.64 
191 /14 WO10 0-20 6.3 0.104 18 48 34 Silty clay loam' 0.262 3.04 60.99 2.26 
192 /14 WO11 0-20 6.4 0.119 22 44 34 Clay loam 0.266 3.08 95.33 2.07 
193 /14 WO12 0-20 6.3 0.133 26 40 34 Clay loam 0.281 3.26 45.03 1.02 
194 /14 WO13 0-20 6.3 0.064 20 38 42 clay 0.279 3.23 23 1.69 
195 /14 WO14 0-20 6.1 0.087 26 38 36 Clay loam 0.251 2.91 29 1.23 
196 /14 WO15 0-20 6.0 0.061 22 38 40 clay 0.256 2.97 54 1.74 
197 /14 WO16 0-20 6.2 0.064 22 30 48 clay 0.197 2.29 3 0.71 
198 /14 WO17 0-20 6.0 0.088 26 38 36 Clay loam 0.241 2.79 20 0.87 
199 /14 WO18 0-20 6.0 0.043 24 32 44 clay 0.185 2.14 10 1.17 

                          
Remarks:  

Compiled and Verified By:  Signature: Date: 

Approved By: Signature: Date:  
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