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EXECUTIVE SUMMARY

The soil survey of Debobesa small scale Irrigation project is conducted at feasibility level to use of the information obtained as a basis for confirming/rejecting the irrigation potential, crop selections, irrigation designs and agricultural input requirements. The methodology has employed review of previous studies, data collection and suitability evaluation. Field auger observation was made on 200 by 200 m grid. Profile description and soil sampling for laboratory analysis, core sampling for bulk density, field capacity, permanent wilting point and available water capacity were conducted on representative sites.

On the basis of soil depth, slope and classified soil type, a total of four soil mapping units (SMU) were identified. On the basis of profile morphology and development, and nature of the soil material and profile depth, the soils of the study area are identified as dominantly Vertisols. Slightly acidic to slightly alkaline soil pH, very deep soil depth and in most flat topography are the prominent characteristics of the site.

298.2ha growth were surveyed and evaluated both for surface irrigation and crops suitability. 226.1ha of land are found to be highly suitable and 72.1ha moderately suitable for surface irrigation development. The crop suitability evaluation indicated that maize, onion, tomato and haricot bean can be cultivated by irrigation. Here, due to heavy clay only maize is marginally suitable.
1. INTRODUCTION

1.1. Back Ground

The Ethiopian economy is mainly dependent on agricultural production. The agricultural sector, however, is characterized by traditional practices and low productivity. One of main reasons for low productivity is the recurrent drought in the country. Thus, the government has decided to utilize all the available land and water resource of the country for the benefit of the community and to ensure sustainable development.
Due attention has been given for both small and large scale irrigation projects using surface and subsurface water potentials across the country. As part and parcel of these endeavors, various irrigation projects have been proposed in arid areas of the pastoral community. In this regard, the regional states of Oromia possessing high surface and subsurface water potential and vast plain land suitable for irrigation development.
The soil survey and land evaluation of the Debobesa Micro dam small scale Irrigation Project was conducted at feasibility level to assess in detail the physical and chemical characteristics of the soils in the project area and to evaluate the suitability of the area for surface irrigation  by using water harvesting from Debobesa river and selected crops types..

Debobesa Micro dam small scale Irrigation Project is located in Borena Zone of the Oromia Regional State, Taltale district in Bule Gandhile Village. The area has a flat topography and covered by open shrub, bush & grass land on some parts and other sides of the study area covered by cultivated land. The inhabitants of the area are agro pastoralist of Oromo people. They produce different variety of crops using rain fed methods. The present study area covers about 100 ha of net irrigable area as given in the TOR.
1.2. General Objectives

The main objective of the soil survey is to provide detail information about land and soils of the study area at feasibility level which may form as a basis for confirming/rejecting the irrigation potential and crop selections. 
1.3.   The specific objectives 
· To identifying various topographic features, soil types and land use/cover to determine the spatial distribution of different soil types over the project area.

· To provide basic soil data to facilitate irrigation design work to be carried out in the project area.

· To offer detailed soil information of the command area as a ground for ratifying or rejecting the soils potential for irrigated agriculture.

· To examine and identify areas suitable for surface irrigation systems and producing their map.

· To produce soils and land suitability maps at scale of 1:10,000.
1.4. Scope of the Study
As per terms of reference (TOR), the soil survey has been carried out at an intensive level within all potential irrigable area of 298.2ha.

The TOR calls for soil survey of the Debobesa Micro dam irrigation project area and use of the information obtained as a basis for confirming/rejecting the irrigation potential, crop selections, irrigation designs and agricultural input requirements. Therefore, the survey was designed to conform to the following standards in the TOR:-

· An overall density of one observation pre 4ha. Soil profile pits shall constitute 10% of the observations, and at least two profile pits should be sampled for major soil mapping units.
· A grid auger survey technique for the whole command area using satellite interpreted units as a base map. 
· Standard soil profile observations to a depth of 2 m unless restricted by lithic contact and auger observations to 1.2 m depth unless restricted by barrier layers.

· Soil samples (undisturbed and disturbed) to be collected from generic horizons for the analysis of soil chemical and physical properties, and soil moisture characteristics.

· Soil and land characteristics description has been undertaken according to FAO guidelines (FAO, 2006).

· To map at 1:10,000 scale of each land form /soil unit for sustainable irrigation development, and produce a map showing soil observation points for the project at appropriate scale.
· Finally as TOR 100ha net area confirmed for surface irrigation practices with full information in terms of physical and chemical soil analyses and land evaluation both for surface irrigation and crops selected. 

2. PHYSICAL ENVIRONMENT OF THE AREA

2.1. Location of the Project
Debobesa Micro dam small scale Irrigation Project is located at a distance of 760 km from Finfine within Borena Zone of the Oromia National Regional State. The command area was accessed by Asphalt road connect Yabelo to Konso and turn right side after driving a distance of 40km and gravel road to Taltale woreda at a distance of 60 km from Taltale town. The Debobesa Micro dam small scale Irrigation Project area is also accessible by dry weather roads from Taltale and other village towns. Concerning other infrastructures, one elementary school and Health post (Human) service are found in Gandhile village which is about 2km from the command sites. The project area is located within 37N zone and it lies between 8053’33’’ and 8056’0.2’’ latitude north and 40018’30’’ and 40053’33’’longitude East within altitudinal ranges of 1150 to 1240 masl. The gross project area is some 298.2ha. 


Figure 1 Location Map of the Project Area

2.2. Physiography

The Physiography of the study area is generally composed of three major landforms: The first one is level land (which comprises of plain 0-2 per cent and plateau 2-8 per cent slope), these landform covers a large area. The third is sloping land, which comprises of medium gradient hills and moderate side slopes with 8-15 per cent slope. The altitude of the study area is ranges from 1372-1425masl.

2.3. Climate

The climatic characteristic of the study is hot to warm arid low land which with annual mean temperature 16.9-30.7 oC and the mean annual rainfall from 793.9mm and with the length of growing period 90-130 days.
2.4. Land use and land cover

The command area is under mixed crop cultivation and animal husbandry. Cereals (Maize and Teff) are the major crops grown in the area. Sparse vegetation has been observed standing along the command area (Acacia, Fulensa, Saphansa and Debobesa are the common species) and open shrub bush land and bush land with Open Grass land along the command area observed. 
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Figure 2 Land use and land cover map of the command area.

Most areas of the command are under cultivation and about 26% of the areas are covered by bush and shrubs.

Table 1. Land use/cover of the interms of area coverage.
	Land use/cover
	Area

	
	Ha
	%

	Bush and Shrubs
	80.4
	26.9

	Cultivated land
	155.4
	52.1

	Grass land
	27.3
	9.2

	Open shrubs land
	35.1
	11.8

	Grand Total
	298.2
	100.0


Source: Google Earth 2018

3. REVIEW OF PREVIOUS STUDY

3.1. General 

Detailed soil survey for the present command area has not been carried out so far. However, some studies have been carried out at general level and semi detailed level. The general ones are countrywide studies that provided soils and landforms mapping at very low scales and which were largely based on imagery interpretation with a minimum of field verifications. On the other hand the semi detailed studies are basin wise and concentrated within the regional territory and analysis of land resource with prefeasibility level.
3.2. Rift Valley Lakes Basin Integrated Resources Development Master Plan Study, 2008. 

The soil survey methodology employed for Rift Valley Lakes Basin has been based on recommended methods for reconnaissance soil survey that intended to map the soils at 1:250,000 scales and identify potential areas for development under different land utilization types, such as improved rain fed agriculture, irrigated agriculture, livestock, rangeland, forestry and land resource conservation.

A total of 2069 observations were made during the reconnaissance soil survey of the Basin. Both auger observations and pit description locations were recorded and saved in hand held GPS and later retrieved to GIS. The observations and descriptions are well distributed throughout the Basin and covered most soil types and mapping units. The number of auger borings made and pits described are 1943 and 100 respectively. Auger holes were bored to a depth of 1.2m or to the bedrock and pits were excavated to 2m or to the bedrock whichever was shallower the soils of the Basin were classified on the basis of the revised FAO/UNESCO-ISRIC legend to the Soil Map of the World (1990) and World Reference Base for Soil Resources (1998). About 10 major soil groups and 13 soil units were identified in the reconnaissance soil survey of Rift valley Lakes Basin. Luvisols, Cambisols, Nitisols, Vertisols, Solonetz, Solonchaks, Arenosols, Andosols, Fluvisol and Leptosols are the dominant soil groups identified in the Basins.

3.3. Rift Valley Lakes Basin Integrated Land Use Plan (OWWDSE 2007)
The soils in Rift Valley Lake sub basin have been previously studied by OWWDSE in 2007 for the purpose of Land Use Planning. The soil investigation was carried out at semi detail level (1:50,000 scale) and covered about 976732 ha of Rift Valley Lake sub basin. Since the previous study bounds the current project area, the review of the study is considered worthwhile as background information.

The survey was followed a free survey method which imply that observation were made mainly to verify soil-landscape boundaries, delineation of the newly identified landscape units and to identify the soil type of each specific land unit.

Soil samples were collected from representative profiled and analyzed for chemical and physical characteristics. The soil and land characteristics description was carried out according to FAO guidelines for soil description (FAO, 1998) and locations of all observation points were recorded by hand held GPS. 

The report indicated that there is only one major soil such Vertisols in the current command area. The report indicated that the soils in the sub basin are generally light textured, alkaline in pH, contain high Ca in the exchange complex and have high Cation exchange capacity (CEC) which similar with the study undertaken for current project area. 

The above report provides valuable background information on the soils of the study area. Since it includes the entire area of the current project site and it is recent. However, the previous study scale was much smaller than the current study thus; detailed soil investigation complying with the TOR should be conducted for the present project area.

3.4. Rift Valley Lakes Basin Irrigation Potential Assessment (OWWDSE, 2017/18)
This semi detailed investigation was undertaken for irrigation potential assessment in Rift valley lakes basin. But, the study covered the parts of Oromia region only which falls within the Lakes Ziway-Langano-Abiyata-Shalla-Abaya-Chew Bahir sub-catchment. Arsi, West Arsi, East Showa, Borena and West Guji zones are parts of the region that found in this sub-basin. However, some of these zones parts may found in other neighbours basins.  The West Arsi, Arsi and East Showa zones are areas that new data collection and field survey were undertaken.  And Borena and West Guji zones are areas more of the previous studies were reviewed and gaps were filled. During this review, Integrated Land Use Planning Study in 2007 by OWWDSE at scale of 1:50,000 was a great input for this study. The results of soil laboratory analysis and field data information analysis are also leads to assess the land suitability of the basin. The suitability evaluation taking into account the climatic characteristics related to the altitude and the soil characteristics related to land qualities affecting irrigation.   

The study has additional used data from BoFED DATA, Ethiopia basin map, Ethiopia Geomorphology, agro-ecological zone of 2005, Google Earth to assess current land use, DEM to assess slopes and others. It also used information gathered during site visits they noted land use as observed on the ground.

The geomorphology of the basin is plains and undulating side slopes which covered 31% of the area and wetland is a very small area identified. There are seven major soil types were identified in this report which are only included in potential land suitable areas, Vertisols, Luvisols, Nitosols, Leptosols, Cambisols, Andosols and Fluvisols. Vertisol is the common soil type and covers large areas of the basin areas. Vertisols is the most while Leptosols is the least among the seven major soils identified in the basin.  Most of the basin soil textures are fine to medium textured. According field data soil depth of the basin is deep to very deep, has poorly to excessively drain type and nearly level to gently sloping.

All these previous studies are for multipurpose land development to allocate land to its major uses and large scale irrigation potential. But, it did not indicate the potential irrigation areas with specific land form, irrigation methods and proposed crops in detail assessments. Therefore, the detail study for this specific area is must carried out to indicate all information as TOR.
4. METHODOLOGY
The TOR calls for soil survey (investigate, analyze and map the distribution of soil type) of the project area and use of the information obtained as a basis for confirming/rejecting the irrigation potential, crop selections, irrigation designs and agricultural input requirements. Therefore, the survey is designed to conform to the following standards in the TOR:-

(Standard soil observations will be to a depth of 2 m unless restricted by lithic contact. Auger observations will be to 1.2 m unless restricted by barrier layers.

(Soil samples (undisturbed and disturbed) will be collected from generic horizons for the analysis of the chemical and physical properties, and moisture characteristics.

(Standard infiltration and hydraulic conductivity tests on representative sites will be carried out as the soil conditions permit.

(Soil and land characteristics description shall be according to FAO guidelines (2006).

4.1. Pre-fieldwork
The slope and contour map of the study area area were derived from ASTER Digital Elevation Model (DEM) of 30m resolution cheated contour lines at 5m intervals. The produced slope used together with geomorphology data as a base for preparation of soil mapping unit (SMU).

Auger hole observations sites were predetermined on 150m by 150m grids and approximate location of profile pits, infiltration and hydraulic conductivity testing sites were laid on the base map and derived from the FAO based on the texture and soil type of the site.
4.2. Field work
Auger-hole observations made by fixed grid technique that transects laid at 200m apart and auger observations made along every each grid transects. 

All observations recorded on soil description sheets at each observation site, and the following surface/ external characteristics and information recorded.

· Steepness, length and direction of slopes;

· Land form and its use and/or land cover;

· Location of the site elevation using GPS;

· Soil color using Munsell soil color chart;

· Parent material, presence of micro-topography, surface features (E.g. cracks, crust, stoniness, etc,);

· Erosion hazard (by estimation), flooding problem, etc;

General pattern of drainage, Land use (i.e., the kind of crop grown and other plant species).Moreover, some internal characteristics such as soil depth, texture, nodules (such as iron, manganese, etc) mottling, etc, were further evaluated. During profile pit analysis more information was recorded (i.e. from each horizon structural development and form, consistence, porosity, roots cutans, slickenside, etc. From the analysis, it is noted that, textural class determination by hand fill method in the field is slightly underestimated than the clay content result in the laboratory. Under such condition where there are differences, values of the laboratory results have been considered.

4.3. Post Fieldwork
After completion of the fieldwork, field data compilation and encoding, field and laboratory data interpretation and report writing was conducted. The satellite image interpretation units were rectified on the basis of field observation and a legend was developed for the mapping units. Soil mapping units have been established based on slope, soil depth and soil unit. 

4.3.1. Laboratory Analysis

The soil samples were air-dried, ground and sieved through a 2-mm sieve and analyzed for particle size distribution, pH (H2O), electrical conductivity, organic carbon, total nitrogen, available phosphorus, exchangeable cations and cation exchange capacity (CEC). Soil analyses were performed in the OWWDSE soil testing laboratory.

Soil pH was measured potentiometrically in 1:2.5 soils to water suspension (w/v) by using glass calomel combination electrode method (Van Reeuwijk, 1993). Electrical conductivity (EC) was determined at a soil/water ratio of 1:5. Organic carbon percentage was determined by the wet digestion method of Walkely and Black method (2000). Total nitrogen percentage was determined following the Kjeldahl method (Gupta, 2000). Available phosphorus was determined following the Olsen (sodium bicarbonate) method as described in Van Reeuwijk (1993). Cation exchange capacity (CEC) was determined by saturation with NH4OAc at pH 7 and subsequent replacement of NH4+ by NaCl extraction. Exchangeable basic cations (Na+, Ca2+, Mg2+, K+) from the ammonium leachate.Ca and Mg were read with the help of atomic absorption spectrophotometer (AAS), and K and Na by flame photometer.

The percentage base saturation (PBS) was computed using the formula

PBS= (K+ Na+ Ca+ Mg) * 100        (Rowell, 1997)

                  CEC

The contributions of each exchangeable cation to the exchange site of soils were obtained by dividing value of each cation by value of CEC and multiplied by 100 for each horizon. Apparent CEC of clay was estimated by dividing CEC by percent clay expressed as percentages (Buol et al., 1997).Soil organic matter was estimated by multiplying organic carbon percentage by a constant value of 1.724.Samples analyzed in the laboratory were carried out on air dried fine earth fraction. Each parameter analyzed was based on standard procedures and methods.

Soil particle size distribution (Texture) following hydrometer procedure; Soil pH;Exchangeable Na, K, Ca, Mg (meq/100gm of soil);Cation exchange capacity (CEC)(meq/100gm of soil; Electrical Conductivity(EC);Base saturation, BS %;Organic carbon, O.C %;Organic Matter, O.M %;Total Nitrogen, N %;Available Phosphorous, ppm. 

4.4. Land Suitability Evaluation

Suitability is a measure of how well the qualities of a land unit match the requirements of a particular form of land use. Physical land evaluation indicates to the degree of suitability for a land use, without respect to economic conditions. It emphasizes of the relatively permanent aspects of suitability, such as climate and soil conditions, rather than changeable ones, such as prices. 

The FAO framework is universally accepted and systematic standard for land suitability assessment. In the process of land suitability evaluation, components of land unit and inquiries on land use are input data of this process; spatial allocation, boundary, area and scale of each suitability level are output data of land evaluation process. 

The land suitability classification is determined by overlaying thematic maps and by analyzing attribute data using Geographical Information System (GIS). 

Moreover the surface and overlay analysis capabilities in GIS effectively facilitated handling of huge amount of spatial information. 

Determination of optimum land use type for an area involves integration of data from various sources such as soil and metrology. All these major streams were considered as criteria. This process helps to confine choices between a set of alternatives, and is often used in land suitability evaluation of alternatives like S1, S2, S3, N1 and N2. Such methods integrate multiple criteria in order to combine all the relevant Land evaluation is the selection of suitable land and suitable Cropping, irrigation and management alternatives that are physically and financially practicable and economically viable (FAO, 1985). This part of the investigation deals with the physical suitability of the soil-landform components for irrigation

Separate land suitability classifications were made for the investigated land area with respect to each land use. And finally overlay analysis was done to generate one suitability map which has the attribute of all land qualities with their theme attribute table. An overlay analysis in GIS was operated.

Here, two suitability evaluations both for surface irrigation methods and selected crops were compared based on the parametric evaluation systems.

4.4.1. Irrigation Land Suitability Analysis

The evaluation criteria used to address the suitability of the selected irrigation method were soil (depth, soil texture, salinity (Ec), sodicity (ESP), alkalinity (pH), drainage and slope) factors and rated based on FAO (1976; 1983) and Sys et al. (1991 guidelines. These irrigation land use requirements (LURs) were treated as a thematic layer in the GIS database. The model uses maximum limitation method so that the most limiting factor (climate, slope, and/or soil characteristics) dictates the final suitability subclass (Sys et al., 1991 and Van Diepen et al., 1999). Suitability model was cheated using model builder in Arc GIS tools box and tools from spatial analysis tool sets to find suitable land for irrigation by using weighted overlay analysis. After their individual suitability was assessed, the land suitability factors for irrigation which were considered in this study were used as the input for land suitability for irrigation model to find the most suitable land for irrigation.

4.4.2. Crop Suitability Evaluation

To achieve the final suitability classification of the land unit for the specified land utilization type at a defined management level frame work were by FAO (1976, 2007). The FAO system is a land evaluation model, based on FAO’s framework, with divisions of suitability classes that indicate degree of suitability. These classes are: ‘S1’ = suitable, ‘S2’ = moderately suitable, ‘S3’ = marginally suitable, ‘N’ = unsuitable for physical reasons.

Table 2: FAO recommended land class definitions
	Class
	Designation
	Definition

	S1
	Highly suitable
	Land having no significant limitations to sustained application of a given use, or only minor limitations that will not significantly reduce productivity or benefits and will not raise inputs above an acceptable level.

	S2
	Moderately suitable
	Land having limitations which in aggregate are moderately severe for sustained application of a given use. The limitations will reduce productivity or benefits and increase required inputs to the extent that the overall advantage to be gained from the use, although still attractive, will be appreciably inferior to that expected on Class S1 land.

	S3
	Marginally suitable
	Land having limitations which, in aggregate, are severe for sustained application of a given use and will so reduce productivity or benefits, or increase required inputs, that this expenditure will be only marginally justified.

	N1(S4)
	Currently not suitable
	Land otherwise suitable (S1 to S3) for sustained application of a given use but having a limitation(s) which, although possibly surmountable in time, cannot be corrected with existing knowledge at currently acceptable cost. The limitation(s) is so severe as to preclude successful sustained use of the land in the given manner at present.

	N2
	Permanently not suitable
	Land having limitations that appear so severe as to preclude any possibilities of successful sustained use of the land in the given manner.


4.4.3. Major Kinds of Land Resources

One of the first points made in the 1976 FAO Framework for land evaluation was that land, regarded as a basis for agriculture and other rural land use activities, includes also the climate, vegetation, slope conditions, and other natural resources. Hence the Framework defined land as an area of the earth’s surface, the characteristics of which embrace all reasonably stable, or predictably cyclic, attributes of the biosphere vertically above and below this area, including those of the atmosphere, the soil and underlying geology, the hydrology, the plant and animal populations, and the results of past and present human activity, to the extent that these attributes exert a significant influence on present and future uses of the land by humans (FAO, 2007). 

The major kind of land use resources are the physical resources, the human resources and the capital resources. The physical resources include climate, vegetation, water and hydrology, landform and soil. The human resources refer to the availability of farmers and their ability for farming; land tenure and social structures which may affect the land use pattern and its possible re-allotment. Capital resources include funds as well private as national, available for recurrent and non-recurrent inputs (Sys et al., 1991a).

4.4.3.1. Climatic attributes

The major climatic elements, which were used to assess suitability of climatic resource for a specified kind of land use, are 

4.4.3.2. The growing period

The growing period has been defined as a continuous period during the year, from the time when rainfall exceeds half potential evapotranspiration until the time when rainfall falls below full potential evapotranspiration, plus a number of days required to evaporate an assumed 100 mm of soil moisture reserve when available,(FAO, 1978).

4.4.3.3. Temperature regime

The thermal regime refers to the amount of heat available for plant growth and development during the growing period. It is usually defined by the mean daily temperature during the growing period (FAO, 1996).

4.4.3.4. Moisture availability

Crops are affected by moisture availability through the effects of moisture stress on growth, and the possible death of the crop through drought. Moisture stress occurs when soil water in the rooting zone falls substantially below field capacity (FAO, 1983; Sys et al., 1991a). 

4.4.4. Soil and landscape attributes

The most important soil and landscape attributes that are 

4.4.4.1. Oxygen availability to roots 

With a few exceptions, notably rice, plants need to take in oxygen through their rooting system, and suffer restricted growth or ultimately death if deprived of oxygen. The stress that occurs as a result of oxygen shortage depends on occurrence of rainfall in excess of crop requirements, the site ability to shed excess water either as runoff or by infiltration and percolation, aeration porosity and presence of ground water table (FAO, 1983).

4.4.4.2. Flood hazard 

Flood hazard refers to damage by water above the ground surface, as distinct from water logging within the soil treated under the quality of oxygen availability. Flood hazard is a serious limitation and crops have different tolerance to floods. Flood hazard may be caused by standing water or moving water. The flood caused by standing water (inundation) cause damage to crops in the same way as severe drainage impedance, by depriving them of oxygen. Moving water can flatten or uproot or cover it with silt (FAO, 1983; Sys et al., 1991a).

4.4.4.3. Rooting conditions and workability (r)

Rooting condition is an expression of those aspects of land characteristics required for the development of an effective plant rooting system (FAO, 1983). Availability of foothold for roots as internal land quality is directly related to the depth of the soil and can be evaluated according to the depth criteria (Sys et al., 1991a). Rooting conditions are controlled by soil effective depth and ease of root penetration. Effective depth is depth to limiting horizon, e.g. rock, gravel, hard pan or toxic layer. Ease of penetration is favored by sandy texture or in heavier soils by well-developed fine to medium structure (FAO, 1983). 

4.4.4.4. Conservation and Water Application Management (w)

Several land characteristics affect the water application management of the different irrigation methods. Amongst those characteristics, slope gradient, soil texture, structure, and soil erosion are found to be relevant and class-determining factors for water application management. The suitability of these land characteristics is determined by considering their effect or influence on uniformity and/or rate of water application in the field.

Slope gradient (e) is the dominant topographic factor that influences irrigation suitability in general. It affects occurrence of erosion due to faulty irrigation water alignment in surface irrigation. As slope gradient increases, surface water irrigation may induce erosion. Furrow irrigation method requires a slight slope gradient. A slope gradient up to 2 per cent can be leveled for furrow irrigation and is optimal under low input management level. Slopes gradient of 6 per cent are considered as marginal for furrow irrigation. Leveling and grading are considered as ordinary management practices up to 6 per cent slopes (FAO, 1979).

4.4.4.5. Nutrient availability and retention (n)

Nutrient availability refers to the quantity of nutrients present in the soil, the form in which they are present in the soil, the tendency of the soil towards fixation in forms available to plants and the capacity of the soil-vegetation system to restore nutrient supplies during periods of rest from cropping. For the farming of low input levels all of these aspects are important, the third in particular influencing the length of fallows necessary. Soil nutrient content is the simplest and most common method of assessing nutrient availability (FAO, 1983; Sys et al., 1991a).

4.4.5. Land utilization type (LUT)

Land utilization type refers to a kind of land use defined in a more detail according to a set of technical specifications in a given physical, economic and social setting. LUTs should not only define the crop or crop rotation, but in addition it has to precisely define how to farm these crops (management). This implies that the concept “Land Utilization Type” includes the kind of crop, the succession of crops in a rotation or farming system with precision of management type (Sys et al., 1991a).

4.4.6. Land use requirements (LURs)

Having described the land utilization types, the next step in activities related to land use is to define the requirements for their successful operation. These are known as the land-use requirements. For each land utilization type it is necessary to establish conditions which are best for its operation, the range of conditions which are less optimal but still acceptable and conditions which are unsatisfactory (Sys et al., 1991a). These are crop requirements which are the physiological requirements, management requirements which are the requirements related to technology of management systems and conservation requirements which are the requirements for the avoidance of soil erosion or degradation (FAO, 1983).

The followings are criteria for the selection of land use requirements:

(1) Importance for the use: The requirement must be important for the use, or it is omitted from the analysis. Here is where a careful definition of the LUT will repay the effort. Importance can be rated ‘very important’, ‘important’, or ‘not important’. 

(2) Existence of critical values in the study zone: There must be differences in the levels of the corresponding LQ in the zone, or the LUR becomes a constant, i.e., part of the context of the LUT, not a variable, i.e., a determinant of suitability. Existence of critical values can be rated ‘frequent’, ‘infrequent’, or ‘none’. 

(3) Availability of data with which to evaluate the corresponding LQ: Even an important LUR with differences in the corresponding LQ cannot be included in the evaluation if there is not sufficient land data on the diagnostic LCs which would be used to evaluate the LQ. Example: The LQ moisture availability’, in the absence of reliable long-term climate records and moisture release characteristics of  representative soil profiles Data availability can be rated ‘available’, ‘not available but obtainable with survey’, or ‘not obtainable’. If ‘obtainable with survey’, an estimate of the cost/benefit of surveying must be included. New surveys may be impractical within the time or budget of the evaluation.

(4) Availability of knowledge with which to evaluate the corresponding LQ: A LUR cannot be included if there is not sufficient knowledge on the relation of diagnostic LCs to the corresponding LQ. This motivates applied agricultural (etc.) research. Knowledge availability can be rated ‘available’, ‘not available but obtainable with research’, or ‘not obtainable’. 

4.4.7. Land Characteristics (LCs)

These are measurable properties of the physical and socioeconomic and environmental conditions directly related to land use. Land characteristics are made available through soil and land use surveys, socioeconomic and farming system surveys and environmental assessment. Some of the land characteristics and qualities are climate, topography, soil physical and chemical properties, soil fertility, salinity and alkalinity, etc. 

4.4.8. Land Qualities (LQs)

Land quality is an attribute of land which acts in a distinct manner in its influence on the suitability of the land for specific kind of land use. Examples of land qualities that are widely applicable to Rainfed cropping are temperature regime, moisture availability, drainage, and nutrient supply, rooting condition, potential for mechanization and erosion hazard (FAO, 1983). 

5. RESULT AND DISCUSSION
5.1. Survey for Pits and Auger Observation

All field observation points (auger holes and profile pits) were registered as point data and plotted in the digitized soil map units and observation within similar soil units used for point data interpolation of GIS technique to characterize the mapping units.

5.1.1. Auger Observation

Surveying were carried out with an overall based on the variation or uniformity of the landscape units, representative auger points were selected. The distance between auger points 200 m based on the variation or uniformity of the land. The auger hole dug is normally up to a depth of 120 cm (to impermeable layer if shallower). Fifty nine auger observation points were done without sampling.
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Figure 3. Auger point location map of Debobesa SSIP
5.1.2. Profile Pits

Soil profile pits were dug to 2m depth at representative sites. Soil samples were taken from each significant natural horizon for full chemical analysis, and in addition for detail study soil profile.

Three profile pits (one pit without sampling) were dug and six samples taken to soil laboratory for further chemically analysis.

5.2. Soil Physical Properties 

Features of the soil profile and the soil horizons are often described in the field in terms of the soil’s physical properties. They are affect the appearance and feel of a soil. These physical properties are discussed as follow. 

5.2.1. Soil Depth

It is important to know the depth of the soil. The depth determines how far the roots can grow and how much water the soil can hold. Depth is measured to the shallowest root limiting layer. Some things that may limit depth are bedrock, densely compacted material (tillage pan), natural hardpans (soil cemented by iron, lime, gypsum, silica, etc.), strongly contrasting textures (pot effect; usually found in floodplain soils) and water tables. Mainly the study area is deep to very deep soil.

5.2.2. Slope

A slope is the rise or fall of the land surface. It is important for the farmer or irrigator to identify the slopes on the land. The slope class is derived from the most representative or characteristic slope gradient of the area around the site. Slope is important to soil formation and management because of its influence on runoff, soil drainage, erosion, use of machinery, and choice of Crops. It refers to the inclination of land surface from the horizontal, which is generally measured with the help of clinometers and expressed in terms percentage or in descriptive terms. 

In the case of present works the slope class is categorized in to six class 0-2%, 2-5 %, 5-8, 8-15% and >15%. The study area is predominately by 2-5 slope class and then 0-2 % of slope.

Table 3. Slope class and area coverage
	Slope 
	Area (Ha)
	Proportion (%)

	0-2
	62.4
	20.9

	2-5
	166.9
	56.0

	5-8
	59.2
	19.8

	8-15
	9.7
	3.3

	Grand Total
	298.2
	100.0


5.2.3. Top Soil Texture

Texture refers to the relative proportion of soil separates (sand, silt and clay) or soil particles. The proportion of sand, silt and clay are used to determine the textural class of the soil. Soil texture generally affects the productivity and suitability of soil. Most of the soils textures of the study area are clay. 

5.2.4. Soil Drainage

Soil drainage relates the frequency and duration of periods when the soil is free of saturation or partially saturated. The soil drainage classes reflect the effect of climate, landscape and soil. Rainfall, seepage, internal vertical and lateral water movement and external surface run-off and run-on affect soil drainage. Based on this, soil drainage is classified as well drained, moderately well drained, imperfectly drained, poorly drained and very poorly drained.

The majority of Soils drainage of the study area poor drained soil condition in Vertisols of the study area.

5.2.5. Soil color

Soil color was measured under dry- moist condition by determining the hue, value and chroma of the soil using Munsell color chart. In the commend area the color of the soils horizons have dark (10YR2/2) to black (10YR2/1) in Vertisols soils.
5.2.6. Soil structure

The soil structure in the Vertisols i.e. the majority of soils in the command areas is angular blocky and granular structure with wedge shape with depth.

5.2.7. Surface Cracking

Surface cracking is the typical characteristics of Vertisols. Accordingly, the width of cracking ranges from fine to wide. 
5.2.8. Consistency

The Vertisols are extremely hard when dry, friable to firm when moist and very sticky and plastic when wet. 

5.2.9. Stoniness

In the command area considerable amount of gravel, stone and boulder was not observed, in particular in the north eastern part of the site there is few gravels and stoniness was observed on flat and gently undulating land.

5.2.10. Undisturbed Core Sampler

Undisturbed soil core samples are taken to determine many basic soil physical properties. The relative volumes of the solid, liquid and gaseous phases can be determined either by mass or by volume. 
Sampling was taken by digging apit and sampling the center of each depth with a3-inch core sampler. Each value represents the average of four samples per depth. These data are summarized in bellow table. 
5.2.10.1. Bulk density

 It is the apparent density of a soil, measured by determining the oven-dry mass of soil per unit volume. The volume of soil is determined using sampling cores and is measured before soil is oven-dried to avoid any changes in volume due to drying. Bulk density is usually expressed in g/cm3 or Mg/m3.  Root growth, in general, starts to be restricted when the bulk density reaches 1.55 to 1.6 g/cm3 and is prohibited at about 1.8 g/cm3. As shown on the table 4 below the result of BD is variable from top to sub surface but it is less than the rating value by FAO which restrict root growth.
5.2.10.2. Field capacity (FC)

It is the maximum amount of water held in a soil, measured a few days after it has been thoroughly soaked and allowed to drain freely. (Note: FC is difficult to determine for heavy clay soils because water drains so slowly through these soils.) 

5.2.10.3. Permanent wilting point (PWP)

 It is the soil water content at which water is no longer available to plants, which causes them to wilt because they cannot extract enough water to meet their requirements. A fine textured soil will retain more water than a coarse textured soil.  The field capacity value of soils in the current project area varies from 44.6 to 51.60 %. Removal of soil moisture by crop roots reaches a stage when the soil particles exert a greater tension on the soil moisture than the crop roots can exert to extract the remaining moisture. When this condition is reached the soil is said to be at permanent wilting point. The corresponding soil moisture tension is about 15 atmospheres. The PWP of the project area ranged from 25.4 to 31.7 %.

5.2.10.4. Available water (AW)

 It is the amount of water held in a soil that plants can use. The maximum amount of available water held in a soil is the difference between the PWP and FC, expressed in inches or millimeters of water per unit depth of soil.

5.2.10.5. Available Water Capacity (AWC)

Available soil water is water that is retained in the soil and can be extracted by the plant. The available soil water is most important for crop production. It is the water held by the soil between field capacity and permanent wilting point. 

Available water capacity (AWC) is between field capacity and permanent wilting point (PWP) were calculated using equation; FC -PWP =AWC.

Table 4. Laboratory results of BD, FC and AWC

	Profile Code
	Depth (cm)
	Field Capacity (%) (0.33bar)
	Permanent Wilting Point  (%) (15bar)
	Available Water Capacity (AWC)
	Bulk Density (gm/cm3)

	DP-1
	0-30
	41.5
	31.2
	10.3
	1.25

	
	30-60
	49.8
	30.7
	19.1
	1.36

	
	60-90
	50.8
	31.4
	19.4
	1.23


5.3. Soil Chemical Characteristics
Soil chemical properties greatly influence the planning of agronomic programs best suited to the proposed irrigation projects, and evaluation and monitoring of the schemes. The soil chemical characteristics of each soil-mapping unit were analyzed and are discussed based on the laboratory analytical results of soil samples collected in the field. Ratings of all chemical parameters are shown in Annex of this document.

5.3.1. Soil Reaction

By definition, “pH” is a measure of the active hydrogen ion (H+) concentration. It is an indication of the acidity or alkalinity of a soil, and also known as “soil reaction”. The pH scale ranges from 0 to 14, with values below 7.0 acidic, and values above 7.0 alkaline. A pH value of 7 is considered neutral, where H+ and OH- are equal, both at a concentration of 10-7 moles/liter. In general for most agricultural crops a neutral range 6.6-7.3 is most suitable. 

The PH value of the surface soils of the study area is ranges from 6.8-7.7. Based on most of the result value, the PH of the study area is slightly acidic or nearly neutral to slightly alkaline.
5.3.2. Soil salinity saturated extracts (EC)

Measurement of the electrical conductivity of a soil extract gives an indication of the total concentration of soluble salts in the soil. The electrical conductivity measurement is reported in units of millimhos per centimeter (mmhos/cm), although some labs report decisiemens per meter (dS/m). The EC value of the surface soils of the study area is ranges from 0.3-0.4ds/m. this indicates the soil is non-saline soil. 

5.3.3. Cation Exchange Capacity 
Cation exchange capacity (CEC) is a measure of the soil’s ability to hold positively charged ions. The “cation exchange capacity”, or “CEC”, of a soil is a measurement of the magnitude of the negative charge per unit weight of soil, or the amount of cations a particular sample of soil can hold in an exchangeable form is determined by the amount of clay and/or humus that is present. 

A CEC above 10 meq/100g is preferred for plant production. The soil that has CEC >40very high, 25 - 40high, 15-25 medium, 5-15 low and <5 very low is high nutrient retention capacity. As the laboratory result, the CEC value of the surface soils of the study area is ranges from 59.5-78.8 Cmol (+) Kg-1. Here, the CEC of the study is very high. 

5.3.4. Percentage Base Saturation

Percent base saturation (BS) is the percentage of the CEC occupied by the basic cations Ca2+, Mg2+and K+. Soils with base saturation of greater than 50% are considered to be fertile.

%BS = [(Ca2+ + Mg2+ + K+)/CEC] × 100

PBS values of 50% and above are referred to as “Eutric” and classified as high; while values below 50% (“Dystric”) are regarded as low. The PBS value is used in soil classification and in soil fertility studies. Therefore, the BS values of study are is 65.7-81.2% which indicates very high and fertile soil.
5.3.5. Exchangeable Cations

The four key elements are the base cations - calcium (Ca), magnesium (Mg), potassium (K) and sodium (Na), together with hydrogen (H) and aluminium (Al) which determines soil pH. The ideal balance for optimum production (expressed as percentages of total CEC) is thought to be: Calcium 68%, Magnesium 12%, Potassium 5%, Hydrogen 8%, Sodium 1%, Hydrogen 8% and ‘Other 6%. The nutrient cations plants use in the largest amounts are potassium (K+), calcium (Ca2+) and magnesium (Mg2+). The levels of exchangeable cations in a soil indicate the existing nutrient status and can also be used to assess balances amongst the cations. 
Table 5.Rating of exchangeable cations (meq/100g of soil)

	Rating
	Ca
	Mg
	K
	Na

	
	meq/100g of soil

	Very high
	>20
	>8
	>1.2
	>2

	High
	10-20
	3-8
	0.6-1.2
	0.7-2

	Medium
	5-10
	1.5-3
	0.3-0.6
	0.3-0.7

	Low
	2-5
	0.5-1.5
	0.1-0.3
	0.1-0.3

	Very low
	<2
	<0.5
	<0.1
	<0.1


Source: (Carl J. Rosen, Peter M. Bierman, and Roger D. Eliason2013)
5.3.5.1. Exchangeable Sodium

The sodium value of the study area is ranges from 1.23-1.42 Cmol (+) Kg-1. The rating value indicates the sodium value ranges is from very low to very high but most of the values are low.
5.3.5.2. Exchangeable Potassium

Movement of potassium (K) in soils depends on soil texture. As clay content increases, potassium movement decreases. The potassium value of the study area is ranges from 0.1 to 0.9 Cmol (+) Kg-1. The rating value indicates the potassium value ranges is from low to high.
5.3.5.3. Exchangeable Calcium

The calcium value of the study area is ranges from 23.5 to 49.1Cmol (+) Kg-1. The laboratory result indicates that the calcium value of the study area is very high.

5.3.5.4. Exchangeable Magnesium

The magnesium value of the study area is ranges from 12.8 to 14 Cmol (+) Kg-1. The rating value indicates the magnesium value of the study area very high.

5.3.6. Exchangeable Sodium Percentage (ESP)

Exchangeable Sodium Percentage (ESP) indicates sodicity in the soil. Soils with ESP<15% is generally non-sodic, requiring no amendments, where soil with ESP>15% is sodic and requires amelioration method. ESP of the top soils of the project area is ranges from 1.6-2.4 and it is non-sodic soil. But, as the depth increase or in the sub surface soil even the rating values is indicate none sodic the ESP increase.
  ESP = (Na + /CEC) ×100 or Exchangeable {(Na)/(Ca + Mg + K + Na)} x 100

5.3.7. Organic Matter (OM) and Organic Carbon (OC)

Total organic carbon influences many soil characteristics including colour, nutrient holding capacity (cation and anion exchange capacity), nutrient turnover and stability, which in turn influence water relations, aeration and workability. In soils with high clay content the contribution to cation exchange from the organic fraction is generally small compared to that from clay. In sandier soils the relative contribution of the organic fraction is higher because there is less clay, even though the amount of total organic carbon present may be similar or less to that in clays.  Organic matter (%) = Total organic carbon (%) x 1.72. Organic soils are classified as those soils with organic matter content greater than 19%. (Nelson and Sommers, 1996) very high (>20%), high (10 - 20%), medium (4 - 10%), low (2 - 4%) and very low (<2%). The OM of study area is range from 1.8-2.7. This indicates the OM is from very low to low but most of the values are indicates OM of the study area is low.
5.3.8. Total Nitrogen

Very high (>1%), high (0.5-1%), medium (0.2-0.5%), low (0.1-0.2%) and very low (<0.1%)

The total nitrogen of study area is 0.1% which indicates TN of the study area is low.
5.3.9. Carbon to Nitrogen Ratio (C: N)

Ratio of carbon to nitrogen (C: N): The C: N ratio is a term used to describe the relative amount of total carbon in comparison the amount of total nitrogen present in the soil and/or organic matter. This ratio is very important in determining the rate of mineralization that should occur for a given type of organic matter. Since the microorganisms living in the soil need both carbon and nitrogen, net mineralization occurs when C: N ratio is less than 20:1. This means for every two parts of carbon, there should be 1 part nitrogen for net mineralization. If you are applying organic amendments to your soil, it is important to become familiar with the C: N ratio to ensure N availability. Most well decomposed organic matter in soils has a C: N ratio near 10:1 (Rule of thumb). The C: N ratio of the study area is from 11.4%. 
Generally the carbon to nitrogen ratio is greater than 10 which implies that the break down and humunification of humus material in the study area is high.

5.3.10. Available Phosphorus

Phosphorus (P) forms very insoluble (hard to dissolve) complexes with aluminum and iron at low pH and with calcium at high pH. Consequently, movement of phosphorus in soils is very low.  Available phosphorus is the amount of P readily available for nutrient absorption by the plant roots. The recommended rating values are high (>15), medium (5 - 15) and low (<5) (Nelson and Sommers, 1996). 
The range value of the AVP of the study area is from 6.1ppm to 11.3ppm and this indicates the AVP medium.

5.4. Soil Classification system
Soils of the area have been classified on hierarchical system at three levels, with increasing specific criteria used to differentiate soils up to the lowest level of the system. The classification was carried out according to FAO-2014 World Reference Base for Soil Resources. First level classification is based on diagnostic horizon; the second level is based on diagnostic properties; and the third level is subdivided on basis of diagnostic materials. 
5.4.1. Major soil in the study area

Soil classification of the project area is based on field morphological characteristics, which can be observed and measured or inferred from field observations. In addition to the field morphological properties, physical and chemical properties were used to define the soil classes. Soil classification of the is classified according to the FAO 2014 guidelines for soil description and WRB classification and all the principal and supplementary qualifiers apply to the name of the RSG.

According to FAO-2014 soil classification, the major soil unit in the project area is Vertisols. 
5.4.1.1. Vertisols
Vertisols are churning, heavy clay soils with a high proportion of swelling clays. These soils form deep wide cracks from the surface downward when they dry out, which happens in most years. In Vertisols, alternate swelling and shrinking of expanding clays results in deep cracks in the dry season, and formation of slickensides and wedge-shaped structural elements in the subsurface soil. This major soil was further classified into soil phase as Pellic Vertisols (gilgaic) and Haplic Vertisols (mollic) and these are described more detailed as follows.

[image: image3.jpg]



Figure 4. Profile pit of Vertisol
5.4.1.2 Vertisols (gilgaic)
Pellic Vertisols (gilgaic) are Vertisols having Pellic surface horizon. Pellic horizon is a well-structured, dark-coloured surface horizon with a high base saturation and a moderate to high content of organic matter. The Pellic Vertisols (gilgaic) of the study area have surface textural distribution of clay and very deep effective depth of greater than 150 cm throughout all the mapping units. The total area of Pellic Vertisols (gilgaic) of the study area is 229.4 ha constituting 76.9 % of the study area. 

5.4.1.3 Haplic Vertisols (mollic)

Comparatively less clay texture contents than Pellic and gray black to black color. The Haplic Vertisol soil type is located in the areas at very gently sloping to gently sloping lands of slope. This type of Vertisols is having an area of 68 ha constituting 33.1 % of the study area. 
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Figure 5 Major Soil Maps of the study area
5.5. Soil Mapping Units Classification
Soil mapping units have been identified based on slope, soil depth and soil texture of the study area. Detailed description of these mapping units with respect to soil physical and chemical properties is given below. A total of four SMU were identified on the basis of the above three criteria.
5.5.1. SMU-1 (0-2% slope, very deep and Clay texture)
Laboratory result shows that the mapping unit has pH value of 6.8 top soil which is slightly acidic or very near to neutral and electrical conductivity results of salt free. Soils in this mapping unit have very high CEC value 59.5Cmol kg-1 soil and high BSP through the profile, organic matter content 2.7%, which indicates that the mapping unit is characterized by low level of organic matter and total nitrogen content, is about 0.1% which is high. The soil mapping unit is Haplic Vertisols with poor drainage and heavy clay textured in which it is moderately suitable for surface irrigation. The total extent of this mapping unit is 62.4ha or 20.9 %.
5.5.2. SMU-2 (2-5% slope, very deep and Clay texture)

Laboratory result shows that the mapping unit has pH value of 6.8 top soil which is slightly acidic or very near to neutral and electrical conductivity results of salt free. Soils in this mapping unit have very high CEC value 59.5Cmol kg-1 soil and high BSP through the profile, organic matter content 2.7%, which indicates that the mapping unit is characterized by low level of organic matter and total nitrogen content, is about 0.1% which is high. The soil mapping unit is Haplic Vertisols with poor drainage and heavy clay textured in which it is moderately suitable for surface irrigation. The total extent of this mapping unit is 166.9ha or 56%.

5.5.3. SMU-3 (5-8% slope, very deep and Clay texture)

This mapping unit is characterized by slowly drained with strongly developed prismatic structure and have clay texture throughout soil depth.
The pH value is 7.7 indicating that the soil is slightly alkaline. The overall organic matter content of this soil unit is about 1.8 %, which indicates low level of organic matter.  Total nitrogen content is high (0.1 %). The mapping unit has high CEC (78.8 Meq/100g of soil) and very high base saturation percentage (81.2 %). It is classified as Pellic Vertisol and total extent of the mapping unit is 59.2 ha or 19.8 %.
5.5.4. SMU-4 (8-15% slope, very deep and Clay texture)

This mapping unit is characterized by slowly drained with strongly developed prismatic structure and have clay texture throughout soil depth.

The pH value is 7.7 indicating that the soil is slightly alkaline. The overall organic matter content of this soil unit is about 1.8 %, which indicates low level of organic matter.  Total nitrogen content is high (0.1 %). The mapping unit has high CEC (78.8 Meq/100g of soil) and very high base saturation percentage (81.2 %). It is classified as Pellic Vertisol and total extent of the mapping unit is 9.7 ha or 3.3 %.
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Figure 6. Soil mapping unit distribution and classification map

6. LAND SUITABILITY EVALUATION
6.1. Introduction

The methodology for land suitability assessment is based upon the FAO Framework for Land Evaluation (FAO, 1976), where evaluation is the process of matching different environments against possible land use options. 
6.2. Land Use Requirements, Land Characteristics and Land Qualities

6.2.1. Land Use Requirements 

Having described the land use type which is surface irrigated agriculture, the next step is to define the land requirements for successful soil, crop and irrigation water management. It is the necessary or desirable conditions of the land for successful and sustained practice of a given land use such as agronomic management, land development, conservation requirements or limitations. In other words, land use requirements refer to the set of land qualities that determine the production and management conditions.

6.2.2. Land Characteristics

These are measurable properties of the physical, socioeconomic and environmental conditions directly related to land use. Land characteristics are made available through soil and land use surveys, socioeconomic survey, farming system surveys and environmental assessment. Some of the land characteristics and qualities are climate, topography, soil physical and chemical properties, soil fertility, salinity and alkalinity, etc. 

6.2.3. Land Qualities

They are an attribute of land or their expressions as a diagnostic criterion, which limits the potential of land for a specified kind of use. They are derived from measured land characteristics. 

Land characteristics, land qualities and class determining/limiting factors have been obtained from detail soil survey (feasibility level) and have been evaluated on how they affect the land for irrigation development. 
Here, two suitability evaluations both for surface irrigation and selected crops by agronomist were compared based on the parametric evaluation systems for the command area.
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Figure 7. Suitability evaluation chart flow
6.3. Irrigation Land Suitability Analysis

Land-use suitability mapping and analysis is one of the most useful applications of GIS for spatial planning and management. It is also a prerequisite for land-use planning and is carried out to estimate the suitability of land for a specific use, irrigation. It provides information on the constraints and opportunities for the use of the land and therefore guides decisions on optimal utilization of land resources. GIS-based land suitability analysis is essential to assess the potential and constraints of a given land parcel for irrigation purposes. The FAO guidelines on the land evaluation system (FAO, 1976, 1983) are widely accepted for the evaluation. 

Here, most areas are identified as highly suitable. Areas with slope 8-15% and slope 0-2% (here, the important limiting factor is not slope, it is heavy clay texture and poor drainage) are moderately suitable.
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Figure 8. Surface suitability map
6.4. Land Evaluation for Selected Crops

6.4.1. Proposed Crops

Crops and cropping patterns have been selected based on existing conditions, climate, and requirement of individual crops for daily consumption and income generation for the community. The major proposed crops are Maize, Onion, Haricot Bean, Sorghum and Tomato.

Table 6. Evaluated crops suitability and area coverage
	S.N
	Crops
	Area
	Suitability Class
	Limiting Factors

	
	
	
	Moderately Suitable
	Marginally Suitable
	 

	1
	Haricot Bean
	Ha 
	298.2
	 
	Texture

	
	
	%
	100
	 
	

	2
	Maize
	Ha 
	 
	298.2
	Texture

	
	
	%
	 
	100
	

	3
	Onion
	Ha 
	298.2
	 
	Texture

	
	
	%
	100
	 
	

	4
	Sorghum
	Ha 
	288.2
	10
	Slope and Texture

	
	
	%
	96.6
	3.4
	

	5
	Tomato
	Ha 
	298.2
	 
	Texture

	
	
	%
	100
	 
	


Onion, Tomato and Haricot bean are moderately suitable due to texture as limiting factor. Sorghum crop evaluated and identified as both moderately suitable and marginally suitable. Most areas are moderately suitable because of texture limitation as other crops while marginal suitable due to both slope and texture limiting factors. While Maize is marginally suitable as texture is limiting factor.
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Figure 9. Suitability maps of selected crops
7. SOIL MANAGEMENT AND RECLAMATION

7.1. Soil Physical Condition and Land Management

The soils of the study area in general have few limitations in their physical properties that restrict development of irrigated agriculture such as poor drainage and heavy clay texture. This soil type is hard for plough because very hard consistence during dry and very firm, and very plastic during moist and wet.

7.2. Soil Fertility Management

The pH of the soils in the study area is good for most crops. This may not significant effect on the availability of some nutrients. The Cation exchange capacity of the soils is high. The exchange complex of the soils is dominated by Ca2+ and this is favourable to promote better soil structure and offset the deleterious effect of the sodicity. However, the relative proportion of Ca to Mg and Ca: Mg to K is very high and this may restrict the availability of both Mg and K to plants. Thus, application of K and Mg containing fertilizers should be consider in soil fertility management programs.

The organic matter content of the soils in the study area is low and total nitrogen content of the soils is high. The analytical data also indicates low available phosphorus in the soils of the study area. The low available P and N can be corrected by the application of N and P fertilizers. The availability of P can also be improved by lowering the soil pH. In order to increase the organic matter content leaving the crop biomass on the field is a practical measure and this will increase the fertility status of the soils, improve microbial activity and availability of micronutrients.

In order to maintain soil fertility nutrients removed from the soil by crop must be restored by the application of fertilizers and manure. Even in a highly fertile soil reserve nutrient gets exhausted as crops are grown and harvested continually and needs replacement.

To maintain organic carbon mulching of crop residues after harvesting should be practiced with application of manure and compost.  

8. CONCLUSION AND RECOMMENDATION
8.1. Conclusion
The soil survey of Debobesa small scale irrigation project was conducted at feasibility (detailed) level to evaluate and map suitable area for irrigation and proposed crops and to delineate areas which are not suitable for the irrigation development.

To achieve the objective of the study standard and recommended detailed level of soil survey methodology was followed including review of previous studies, field survey study and data analyses. Field auger observations, profile descriptions, soil sampling and were conducted. 

Based on the soil texture types identified, effective rooting depth and the slope, four soil mapping units were established which have more or less similar soil and land characteristic and constraints. 

The soil chemical analyzed parameters results showed that organic matter and available phosphorus are low while total nitrogen is high in the command area. Slightly acidic or nearly neutral to slightly alkaline soil nutrient reaction was identified. Except exchangeable sodium (which is very high in some areas that indicate slightly sodic affects) others are very high. Here, exchangeable potassium is low in few areas.

Surface irrigation is highly suitable in most of the study area. Limiting factor such as slope and drainage are affects few areas to make moderately suitable.
Land requirement for Surface irrigation have been evaluated based on the soil mapping units hence 226.1ha are highly suitable and 72.1ha are moderately suitable. Land evaluation for selected crops and the result is indicated that about 75 % of the selected crops were moderately suitable and the remaining sorghum for few areas, and maize totally marginally suitable at a given command area. 
8.2. Recommendation

The most limiting land characteristic in soils of Debobesa small irrigation project is high drainage, soil texture an slope. Concerning topography, although lands having slope gradient greater than 8% has the potential to moderately suitable under surface irrigation, this lands are developed under irrigation using different irrigation techniques by applying adequate.

The areas even though in the arid, soil of the study area are Vertisol in which heavy clay is dominant at slope 0-2 where poor drainage was identified. Therefore, soil and water conservation practices are needed on the other ways since irrigation practice is applied during dry season irrigation water application has to take more attention particular for this slope area. 
The communities are semi-posturized in which they are cultural and mental more dependant on livestock, water stress and feed shortage found to be hindrance for sustainable livestock and crops production in the area. Therefore to maintain and to improve irrigation agriculture, soil and water conservation and/or management system should be practiced to improve sustainable irrigation, pasture production and forage production should be adopted in the area coupled with moisture conservation methods. 
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Annexes
Annex 1.  Debobesa SSIP Profile Pit Description. 

Profile code: DBP-1   Status: PS  Date: 25/08/18
Long. in utm (E):-316031

Author(s):Gadisa
Lat. in utm (N):-541414

Region:-Oromia
Elevation:-1380m

Zone:-Borena
Parent material:
insitu weathered

Wereda:-Teltale
Rock types:-Basalt

Soil classification FAO (2006):Vertisols
Effective soil depth:-Very deep

Human influence:
Ploughing
Rock out crops:-None

Land form: 
Plan
Depth to bed rock:-160cm

Flooding: None
Surface coarse Fragments: Few
Position: -
medium
Micro topography:-Animal burrows, Animal tracks

Slope class: -
0-2%
Surface sealing: -None

Slope aspect:

Drainage class: -
Imperfectly drained

Drainage external:- Slow 



       Ground water: Not observed
Surface cracks:-Wide 


                   Land use: - Sparsely cultivated/rain fed arable cultivation

Fertilizers: Unknown                                                        Vegetation Types: - Open Shrubs land & Open Bush land

Existing crops: Maize, Sorghum

                   Moisture condition:-0-35cm dry, 35-160cm slightly moist

Erosion status: Gully
0-35cm Clear and smooth boundary; dry moisture status; very dark brown (10YR2/2) black (10YR2/1) moist. Colour; none mottling; clay texture; common, fine medium coarse fragments; strong, medium, sub-angular. Blocky & granular structure; wide crack; very hard (dry), very firm (moist), very sticky and very plastic (wet). Consistency; none cutanic features; non-cemented & non-compacted; none mineral nodules; common, fine. Medium root: common, fine, few, many pores; none calcareous.

 35-90cm Clear and smooth boundary; slightly moist moisture status; black (10YR2/1) moist colour; none. Mottling; clay texture; few, fine to medium coarse fragments; strong, medium to coarse, sub-angular blocky & Granular structure; wide crack; very firm (moist), very sticky and very plastic (wet) Consistency; continuous, distinct, clay cutanic features; none cemented; none mineral nodules; few, fine Root: few, fine to medium, pores; slightly calcareous.

90-160cm Moist moisture status; very dark gray (10YR 3/1) moist colour; none mottling; clay  

Texture; common, fine to medium coarse fragments; strong, medium, sub-angular blocky structure; none Crack; very firm (moist), very sticky and very plastic (wet) consistency; none cutanic features; non-cemented & Non-compacted; none mineral nodules; none root: common, fine to medium pores; moderately calcareous. Umbric surface horizon, vertic sub surface horizon

  Profile code:DBP-2
Status:-PS Date:-26/08/18 Long. in utm (E):-315989


Author(s):-Terefe/Busa
Lat. in utm (N):-
540455


Region:-Oromia
Elevation:-1390m


Zone:-Borena
Parent material:-insitu weathered


Wereda:-Teltale
Rock types; -Basalt


Soil classification FAO (2006):-Vertisols
Effective soil depth:-Very deep


Human influence:-Ploughing,Vugetation distruted
Rock out crops:-
None


Land form:-Plan
Depth to bed rock:-200cm


Surface coarse fragments:-None                               Land use: - Sparsely cultivated/rain fed arable cultivation


Position:-medium
Micro topography:-Animal burrows, Animal tracks


Slope class:-5-8%
Surface sealing: -None


Slope aspect: -
Drainage class: -
Imperfectly drained



Drainage external: Slow
Ground water: - Not observed


Surface cracks:- Extremely wide                               Moisture condition:0-110cm dry,110-200cm slightly moist
     Flooding: -None                                        
Vegetation types:-Open Shrubs land & Open Bush land

Erosion status:-Gully, splash h, rill                            Existing crops:-Maize, Sorghum


Fertilizers: - Unknown


0-30cm Clear and smooth boundary; dry moisture status; very dark brown (10YR2/2), black (10YR2/1) moist Colour; none mottling; clay texture; common, none coarse fragments; strong, coarse angular blocky Structure; wide crack; very hard (dry), firm (moist), very sticky and very plastic (wet) consistency; none cutanic 

Features; non-cemented & non-compacted; none mineral nodules; common, fine medium root: many, fine to Medium pores; slightly calcareous.

30-110cm Clear and smooth boundary; dry moist moisture status; dark gray (10YR4/1) dry colour, very dark Gray (10YR3/1) moist colour; none mottling; clay texture; few, none coarse fragments; strong, coarse, angular Blocky structure; medium crack; very hard (dry), very firm (moist), very sticky and very plastic (wet) Consistency; continuous, prominent, pressure face cutanic features; none cemented; none mineral Nodules; few, fine root: common, fine pores; slightly calcareous.

110-200cm slightly moist moisture status; very dark greyish brown (10YR 3/2) moist colour; none mottling; Clay texture; few, fine to medium coarse fragments; strong, medium to coarse angular blocky Structure; medium crack; very firm (moist), very sticky and very plastic (wet) 

Consistency; continuous, prominent, pressure face cutanic features; non-cemented & non-compacted; none Mineral nodules; few, fine root: few, fine pores; slightly calcareous.

Umbric surface horizon, vertic sub surface horizon

Annex 2. Debobesa SSIP Auger Description 
	Field No
	Y
	X
	WRB CLASS

	DBA_1
	540200
	316000
	Vertisols

	DBA_2
	540400
	316000
	Vertisols

	DBA_3
	540600
	316000
	Vertisols

	DBA_4
	540800
	316000
	Vertisols

	DBA_5
	541000
	316000
	Vertisols

	DBA_6
	541200
	316000
	Vertisols

	DBA_7
	541400
	316000
	Vertisols

	DBA_8
	541600
	316000
	Vertisols

	DBA_9
	540200
	316200
	Vertisols

	DBA_10
	540400
	316200
	Vertisols

	DBA_11
	540600
	316200
	Vertisols

	DBA_12
	540800
	316200
	Vertisols

	DBA_13
	541000
	316200
	Vertisols

	DBA_14
	541200
	316200
	Vertisols

	DBA_15
	541400
	316200
	Vertisols

	DBA_16
	540200
	316400
	Vertisols

	DBA_17
	540400
	316400
	Vertisols

	DBA_18
	540600
	316400
	Vertisols

	DBA_19
	540800
	316400
	Vertisols

	DBA_20
	541000
	316400
	Vertisols

	DBA_21
	541200
	316400
	Vertisols

	DBA_22
	541400
	316400
	Vertisols

	DBA_23
	541600
	316400
	Vertisols

	DBA_24
	541800
	316400
	Vertisols

	DBA_25
	542000
	316400
	Vertisols

	DBA_26
	541000
	316800
	Vertisols

	DBA_27
	541200
	316800
	Vertisols

	DBA_28
	541400
	316800
	Vertisols

	DBA_29
	541600
	316800
	Vertisols

	DBA_30
	541800
	316800
	Vertisols

	DBA_31
	542000
	316800
	Vertisols

	DBA_32
	542200
	316800
	Vertisols

	DBA_33
	542400
	316800
	Vertisols

	DBA_34
	540600
	316600
	Vertisols

	DBA_35
	540800
	316600
	Vertisols

	DBA_36
	541000
	316600
	Vertisols

	DBA_37
	541200
	316600
	Vertisols

	DBA_38
	541400
	316600
	Vertisols

	DBA_39
	541600
	316600
	Vertisols

	DBA_40
	541800
	316600
	Vertisols

	DBA_41
	542000
	316600
	Vertisols

	DBA_42
	542200
	316600
	Vertisols

	DBA_43
	542400
	316600
	Vertisols

	DBA_44
	541200
	315800
	Vertisols

	DBA_45
	541400
	315800
	Vertisols

	DBA_46
	541600
	315800
	Vertisols

	DBA_47
	541800
	315800
	Vertisols

	DBA_48
	542000
	315800
	Vertisols

	DBA_49
	542200
	315800
	Vertisols

	DBA_50
	542400
	315800
	Vertisols

	DBA_51
	541800
	316000
	Vertisols

	DBA_52
	542000
	316000
	Vertisols

	DBA_53
	542200
	316000
	Vertisols

	DBA_54
	542400
	316000
	Vertisols

	DBA_55
	541600
	316200
	Vertisols

	DBA_56
	541800
	316200
	Vertisols

	DBA_57
	542000
	316200
	Vertisols

	DBA_58
	542200
	316200
	Vertisols

	DBA_59
	542400
	316200
	Vertisols


Annex 3. Debobesa SSIP Soil Laboratory Test
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