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EXCUTIVE SUMMARY

Ethiopia is naturally endowed with water resources that could easily satisfy its domestic requirements for irrigation and hydropower, if sufficient financial resources likely made available. Hence, the current small scale irrigation development project of Kerfe should be one of the essential tools for the utilization of this ample natural resource in order to realize the growth and transformation plan (GTP) of the project area in particular and the country at large. Indeed, multi-disciplinary studies and design works have been conducted in the Kerfe irrigation development project for sustainable production. Soil survey is one of the studies that had been undertaken for the project. Actually, by applying appropriate data collection methods, the soil survey has come up with findings of the study, which can be depicted as follows.

This report presents the findings of a soil survey carried out at Kerfe small scale irrigation project site in May 2016 over study of net potential area of 28 ha. The intended project area is one of the kebeles of Ada’a Woreda which is located in the Oromia regional state at about 60 km from finfinnee. The purpose of the survey was to provide feasibility-level information about the land and soils and, from analysis of this information, to assess the suitability of the land for irrigated agricultural development. Thus, helps to identify potentials and constraints of the area and assigning the lands for its best use through land evaluation. In view of this, the soil survey of Kerfe small scale irrigation Project was undertaken. 
The field survey was carried out using the established transect of 500 m by 400 m for auger observation. Mapping of the soil type distribution and soil mapping units of the study area through soil boundary delineations was made using the collected auger observation data, satellite image interpretation, and additional field visit with in the study area. Representative site for profile pit, infiltration and hydraulic conductivity test were selected and the necessary observations were taken for intended command area. The soil classification was carried out using the revised world reference base for soil resources (WRB, 2006).
The major soil of the study area identified as Pellic Vertisol having area coverage of 28 ha. The study identified only one soil units based on those parameters of the soils important for use and management such as slope percent, effective depth and texture.

The soils of the study area have got optimum potential for irrigated agriculture with surface irrigation methods with application of ultimate management for drainage problem. Accordingly, the intended project area is found to be moderately suitable for surface irrigation. Similarly, the outcomes of crop suitability assessment indicate that the command area is moderately suitable for Maize, Onion, Potato, Pepper, Cabbage, and Tomato production. The suitability result showed that most of the correctable limiting constraints of the land units are texture and drainage problem (water logging) which could be amended through the application of considerable management 
practices.

1. INTRODUCTION

1.1. General Background

The efficient use of land and water resources by the development of irrigation facilities could lead to substantial increases in food production in many parts of the world. The process whereby the suitability of land for irrigated agriculture assessed is called land evaluation.  

According to different FAO publications, land evaluation provides information and recommendations for deciding 'Which crops to grow where' and related questions. Land evaluation is the selection of suitable land, and suitable cropping, irrigation and management alternatives that are physically and financially practicable and economically viable. The main product of land evaluation investigations is a land classification that indicates the suitability of various kinds of land for specific land uses.
The soil survey and land suitability evaluation of the Kerfe small scale irrigation Project conducted at feasibility level to assess the physical and chemical characteristics of the soils in the study area and to evaluate the suitability of the area for surface irrigation and selected crops. 

The proposed command area covers about 28 hectare which is proposed to use Mojo River as water source for surface irrigation which supplies water of good quality. Currently the study area produces Cabbage, Onion and tomato production and contributes as alternative means of income generation. Moreover, the intended project area produces Teff and wheat. 

As part of the feasibility study, a detailed soil survey has been carried out for the command area with an observation density of about 1 per 20 hectare due to variability of soil and land characteristics. Unlike prefeasibility level scale of survey, feasibility level survey with intentional increased observation density has enable to identify and map areas of constraints due to high pH value, clay textured, slow infiltration rate and hydraulic conductivity. In fact, the area is found to be suitable in terms of their nutrient content and physical characteristics of the land except drainage problem.

1.2. Objectives of the Study

1.2.1. General Objective

The general objective of the soil survey is to provide detail information on land and soils of the study area (command area of the project) at feasibility level which may form as a basis for confirming/rejecting the irrigation potential (all or part of area), crop selections, irrigation designs, and agricultural input requirements such as fertilizer applications etc. The study also focuses on identifying the various topographic forms, soil types, present land use assessment and evaluating the existing land use pattern and serve as a basis for assessment of land and crop suitability for irrigation.

1.2.2. Specific Objectives

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

· Produce soils and land suitability maps at scale of 1:10,000.

1.3. Review of previous study

The overall objective of the reconnaissance soil survey was to identify, characterize, and map the soils of the project area. The major soil of the study area is vertisol developed on the plain land form.  Topographically the command area is characterized by level plain land form.  The soils are imperfectly drained to moderately well drained, deep, dark gray, moderately developed, sub-angular blocky structure, fine textured. 

2. DESCRIPTION OF THE PROJECT AREA

2.1. Location of the study area

The proposed project area is one of the kebele of Ada’a district which is located in the Oromia regional state at about 60 km from Fifinnee, and it covers an area of 28 hectares. The study area is fairly accessible from the wereda capital Bushoftu town. 
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Figure 1: Administration Location and Geographic Coordinate of Kerfe SSIP.

2.2. Topography

The project area is one part of upper awash sub basin having uniform drainage towards the River. The general slope of the study area is made up of uniform landforms; i.e. gently slop (2-5%) topography.

2.3. Land Use and Land cover

The major land use and land cover of the area is characterized by intensive annual crop production. Irrigation agriculture activities are practised by smallholders. Cabbage, Onion and Tomato cultivation under irrigation agriculture commonly practiced in the project area. As well, Teff, and wheat production under rain fed agriculture commonly experienced.  The dominant vegetation covers in the project area are Acacia species. 
3. SOIL SURVEY METHODOLOGY

3.1. General Activities

In order to achieve the specific objectives of the study all suitable and appropriated methodologies had been used.  Moreover reconnaissance and pre-feasibility studies which are relevant to this study were fully reviewed and combined. The methodologies to be followed for the soil survey are designed to conform to the scope of the study. The whole survey procedure consists of three stages, namely pre-field stage, fieldwork, and post-field work. The data collected and activities undertaken in each stage were listed in the subsequent sections.

3.2. Pre-field work

At pre-fieldwork stage the duties to be covered are the reconnaissance soil survey, preparation of survey plan and collection of other related documents. The review focused on the evaluation of their objectives and methodologies, their outputs in terms of data, maps and findings and the means of using them. Moreover, topographic maps at 1:50,000 scale, LANDSAT ETM+ image of 30 m resolution color composite and digital elevation models (DEM) having spatial resolution of 15 m were interpreted by the GIS team. As a result, a base map was prepared at a scale of 1:20,000.
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Figure 2: Location of Auger and Profile Description Point.
Satellite imagery interpretation has been carried out following the recommended false color composite band combination for soil survey. A Preliminary soil observation transects and approximate location of profile pits, infiltration and hydraulic conductivity testing sites were laid on the base map. However, they were subjected to change depending on the situation in the field. As well, all the data are collected systematically in a standardized format easily entered to an MS Excel worksheet that facilitates the sorting, analysis, classification and mapping, and as well equipment were made available.

3.3. Field work

This is the stage where field soil surveys; soil sampling and verification of aerial photo and interpretation of unit boundaries were carried out. In this survey we implemented grid (500m x 400m) as a survey methodology to provide an optimal coverage for the description of the land units and soils of the command area by producing one auger observation per 20 hectare. However, due to the variability of soil and complexity of soil water interaction and constraints it is very difficult to fallow only the fixed grid survey. Therefore correction of unit boundaries was carried out during auger observation, data interpretation and boundary delineation. 

Profile descriptions on representative site and soil sampling for laboratory analysis were undertaken. Field investigation of infiltration rate and hydraulic conductivity were also conducted through repetitive field activities. All descriptions and observations had been recorded according to the FAO guidelines for soil description (FAO, 2006).  Soil color identification had been made according to Munsell Color Chart (1975). Dilute HCI test was made to check the existence of carbonates. The locations of profile pits, infiltration and hydraulic conductivity test sites were recorded by GPS.

Representative soil samples had been collected from generic horizons depth wise from recently excavated 2 m deep pit. At selected sites, infiltration test using double ring infiltro-meter and permeability test in triplicates using an inverse-auger-hole method have been conducted. Undisturbed soil cores from the horizons of the soil profile were also collected. Similarly, a total of 4 auger observation, 1 profile description, 1 infiltration measurements (3 replicate) and 1 hydraulic conductivity measurement (3 replicate) has been taken during field work.
Table 1: Soil Survey Data Collected During Field Work

	Status
	Number of observations

	Total auger observation points
	3

	Soil profile sampled 
	1 (2 soil samples)

	Soil profile not sampled 
	_

	Infiltration and hydraulic conductivity ivestigation
	1 (3 replication)

	Undisturbed core samplers
	1


3.4. Laboratory Analysis of soil samples

The main horizons of all soil profile pits were sampled and samples were analyzed by the Water Works Design and Supervision Enterprise Laboratory Service (WWDSELS) laboratory in Addis Ababa. 

A total of 4 samples from 2 profiles were analyzed for:

· Particle size (Bouyoucos hydrometer, sieving)

· Sand (0.10 – 2.00 mm), %

· Very fine sand (0.06 – 0.10 mm), %

· Silt, (0.06 – 0.002mm)%

· Clay, (<0.002mm)%

· Organic carbon, OC (Walkley and Black)

· Total nitrogen, N (Kjeldahl)

· pH (1:2.5 soil suspension, water and KCl) (pH electrode)

· Cation exchange capacity, CEC (pH 7.0 ammonium acetate extraction, filtration). 

· Exchangeable cations, Ca, Mg (pH 7.0 ammonium acetate extraction, EDTA titration)

· Exchangeable cations Na, K (pH 7.0 ammonium acetate extraction, flame photometer)

· Available phosphorus, P (Olsen)

· Available potash, K (Morgan’s solution and flame photometer)

· Free calcium carbonate, CaCO3 (filtration and titration with NaOH)

· Electrical conductivity, ECe (saturated paste, conductivity meter)

· Bulk density on dry weight basis from core samples.

· Moisture content (FC and PWP) by pressure plate extraction.

From the above data other soil attributes have been derived, namely base saturation (BS), Organic Matter (OM) content, Exchangeable Sodium Percentage (ESP). All the laboratory results are presented in Annex 6. 

3.5. Physical Activities

Tests of infiltration rates and hydraulic conductivity were made at selected sites using a standard double ring infiltro meter and inverse auger hole method respectively in three replications on representative profile pit; both are required for irrigation planning, including selection of irrigation methods and irrigation interval. 

For measurement of water content at various bars to determine soil available water capacity (AWC) undisturbed soil cores were sent to laboratory. Cores were taken within the topsoil and within the subsoil up to 100 cm. Soil moisture content is influenced by several factors i.e.  Soil texture, porosity and organic matter content but also by bulk density which is determined on the basis of dry weight, porosity and structure. It is not feasible to isolate the influences of each of these parameters. Thus, it is the general order of AWC values that is most valid to indicate irrigation needs. Infiltration rate, hydraulic conductivity and soil moisture data should always be interpreted with attention. 

3.6. Post Field Work Activities

3.6.1. Data Compilation and Analysis

All the physical data collected in the field and the results from laboratory analysis were compiled and entered in the computer database using Microsoft Access, Excel and GIS. This enabled the preparation of data collection points and their distribution in the command area using GIS.

3.6.2. Soil Classification and mapping

On the basis of information obtained from field auger observations, profile descriptions, infiltration test, HC investigation and laboratory results the classification and identification of the soils were made following the World Reference Base for soil Resources (WRB, 2006). Identification of diagnostic horizons, diagnostic properties and materials were used to characterize of the soils of the study area. For this, the morphological characteristics, physical and chemical properties of the soils were used.

Analysis of field data and laboratory data for each soil mapping unit, description of each soil mapping units, report writing and map production were among the major activities done at this stage. 
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Figure 3: Soil Survey Procedure
4. SOILS OF THE PROJECT AREA

4.1. General 

Soil types had been defined on the basis of soil physical properties (such as texture, depth, soil color, coarse material, etc…), soil chemical characteristics (CEC, pH, etc…). Although there was some variability in soil physical properties such as in soil color, texture and coarse fragments over short distance, they are very limited in their area extents, meaning it is not always possible to map individual soil types. Sometimes several soil types or phases occur in a small area and cannot be delineated as separate map unit. 

4.2. Site description and morphological characterization of dominant soil types

VR (VERTISOL)

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. The name vertisols (from Latin vertere, to turn) refers to the constant internal turnover of soil material. Common local names for many vertisols are: black cotton soils, regur (India), black turf soils (South Africa), margalites (Indonesia), Vertosols (Australia), Vertissolos (Brazil), and Vertisols (United States of America).

Parent material: Sediments that contain a high proportion of swelling clays or products of rock weathering that have the characteristics swelling clays.

Environment: depressions and level to undulating land form.

4.3. Major Soil Types in the Project Area
Based on the procedures and methods of soil classification, the major soil type was identified in the study area. 

4.3.1. 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. The name vertisols (from Latin vertere, to turn) refers to the constant internal turnover of soil material. Common local names for many vertisols are: black cotton soils, regur (India), black turf soils (South Africa), margalites (Indonesia), Vertosols (Australia), Vertissolos (Brazil), and Vertisols (United States of America) (FAO, 2001, WRB, 2006). 
The vertisols of the study area are commonly distributed soil type and classified as pellic Vertisol. The surface texture is clay. 

4.3.1.1. pellic Vertisol


 The suffix qualifier pellic refers to soils having in the upper 30 cm of the soil a munsell value, moist, of 3.5 or less and a chroma, moist, of 1.5 or less (in vertisol only)
5. CHARACTERISTICS OF SOILS IN THE PROJECT AREA

5.1. Morphological characteristics

5.1.1. Soil Color

The soil color of the command area is dominated by very dark brown (10YR 2/2) when moist on their surface horizons. The variation in soil color appears to be associated more with the difference in oxidation-reduction processes that have taken place within the soils as well as the OM contents. 

Compared to its surface horizon, the subsurface horizon of the Profiles described at Kerfe irrigation site showed variation in soil color pattern. In view of that, the sub surface soil color dominated by black color (10YR 2/1) when moist.
5.1.2. Soil Structure

Soil structure refers to the natural organization of soil particles into discrete soil units (aggregates or peds) that result from pedogenic processes. The aggregates are separated from each other by pores or voids. It is preferred to describe the structure when the soil is dry or slightly moist. Soil structure is described in terms of grade, size and type of aggregates (FAO, 2006).

There are also variations in soil structure with depth that had been described at the Kerfe irrigation site. Therefore, the structure of the surface layers of the profiles varied from moderate to strong, medium sub-angular blocky structure. Similarly, the structure of the subsurface layers of the profiles ranged from moderate, medium sub-angular blocky structure to strong medium to coarse sub-angular blocky structure. 

5.1.3. Soil Consistence

Similar to the above-described morphological properties, soil consistence within horizons and among profiles also showed variability under moist and wet conditions.  Accordingly, the moist consistency of the top soils of the soil profiles is firm. 

Furthermore, the wet consistency is very sticky and very plastic.  The subsurface layers showed variations in their consistency at different soil wetness conditions. Accordingly, the moist consistence varied from very firm to firm. The wet consistency, on the other hand, varied from very sticky and very plastic to sticky and plastic.

5.1.4. Horizon Boundary

The described soil profile showed defuse in distinctness and irregular topography in the horizon boundary between their surface and subsurface horizons. Similarly, the horizon boundary within the sub surface horizons of the profiles showed clear to diffuse in distinctness and smooth to irregular in topography.

5.1.5. Plant Roots

The study area is entirely cultivated land. The roots of the plants are observed deep up to 1m and more down the profile. The plant roots within horizons and among profiles also showed variability in terms of their abundance and size. Plant roots in the surface horizon of soils showed fine to medium roots size and medium to many roots abundance. The variation in the size of plant roots in the profiles were attributed to the presence different types of plant roots where the profiles were taken, which in turn affect other morphological properties of the soil. Similar to the plant roots of the surface layers, the subsurface layers also showed variations in their abundance and size. The plant root abundance varied from few to common, while the size ranged from medium to coarse.
5.1.6. Drainage

Soils of the study area have moderately well to imperfectly drained soil condition which vary depending on their varying properties affecting drainage such as water transmission, soil depth, soil chemistry, slope gradient, etc.

In vertisol drainage problems are common, thereby impose critical limit to agricultural production and management, especially under irrigation. Therefore Proper crop selection and use of traditional and modern technologies developed for improved management of Vertisols will improve the situation. These include:-

· Utilization of broad bed farrow that can easily realized by using BBM (Broad bed maker). 

· Land preparation and sowing of crops (dry sowing) before the onset of rainy period. 

 5.1.7. Erosion Status
The erosion status of the command area is moderate in most situations; and moderate to severe for considerable area of land in the command area. Clear evidence of removal of coverage of surface horizons and destruction of bio functions partly observed. Those erosion degrees in the command area have shown different characteristics with different types of erosion such as sheet, rill and gully erosion on the respective lands. On the cultivated land the erosion is sheet type, and on the bare land the erosion is rill and gully type. 

5.1.8. Effective Soil Depth

The net command area identified in the study area are pellic vertisol 28 ha :- >120 cm in their depth.  As a result, soil is not a limiting factor in soils of the study area. 

5.2. Physical Characteristics

5.2.1. Soil Texture

The soil textural classes of the command area showed minor similarity within the horizons. Soil texture in both surface horizon and subsurface horizons are clay. Usually, the soil of the study area is finer in texture and identified as clay texture across all horizons. The soil textural classes are used to characterize soil physical make-up, having a bearing on such soil behaviors as nutrient and water holding capacity, OM level and decomposition, aeration, infiltration rate, drainage and/or permeability and workability (Brady and Weil, 2002). 

The sand fraction of the soils of the study area ranged from 29% in the 0-20 cm depth and 31% in the 20-70 cm depth of the described Profile. 

Similarly, the silt ranged from 24% in the 0-20 cm depth and 18% in the 20-70 cm depth of the same profile. The clay fraction ranged from 47% in the 0-20 cm depth and 51% in the 20-70 cm depth of profile. 
5.2.2. Infiltration rate

Infiltration refers to the vertical intake of water into a soil, usually at the soil surface, and measurements rate form a vital part many survey involving irrigation development or soil conservation (Landon, 1991). Infiltration rate is mainly affected by texture of the soil and other properties of the soil such as organic matter content and structure of the soil. Infiltration is the measurement of vertical intake of water into a soil at the soil surface. Soils are considered non arable if the IR is less than 0.1cm/h. Infiltration rates between 0.1 and 0.2cm/h are undesirable as surface waste becomes excessive or ponding reduces crop yield. The optimum rates for gravity irrigation are between 0.7 and 3.5 cm/h. Infiltration rates in excess of 12.5cm/h is generally mean that gravity irrigation is not practicable due to water distribution problems and excessive deep percolation. The following table shows the results of infiltration tests of the soils.

Table 2: Infiltration Test Results.

	No
	Surface Texture
	Infiltration rate (cm/hour)

	
	
	Minimum value
	Average value
	Maximum value

	Clay
	0.67
	0.78
	0.88


5.2.3. Hydraulic Conductivity


Hydraulic conductivity (permeability) is the property of the soil to transmit water downwards through a unit cross-section of area in unit time. Field measurements recorded a wide range of values from 0.08 to 0.31 m/d. The lowest values were associated with fine textured subsoil and the highest value with relatively better fraction of coarse textured subsoil.
Table 3: Hydraulic Conductivity Ratings.

	< 0.2 m/day
	- very slow

	0.2 – 0.5 m/day
	- slow

	0.5 – 1.4 m/day
	- moderate

	 >1.4 m/day 
	- moderately rapid to rapid


Source: Landon, 1990

5.2.4. Soil Moisture Characteristics

Undisturbed soil samples from representative sites were taken to the laboratory to determine bulk density, permanent wilting point and field capacity for the determination of available water capacity and readily available water capacity of the soils.

5.2.4.1. Field Capacity (FC)

Field capacity (FC) of a soil is the maximum water content the soil will hold following free drainage. FC is the upper limit of available soil moisture under irrigation. It does not therefore correspond to a fixed soil-water potential, but instead represents the condition of each individual soil after the larger pores have drained freely under gravity (Landon, 1991). The field capacity of the soils of the command area matches 311.3 mm m-1. The table shows the field capacity results of the study area versus texture.

Table 4: Field Capacity Result versus Soil Texture.

	No
	Soil Texture
	Field capacity (mm m-1)

	Clay
	311.3


5.2.4.2. Permanent wilting point (PWP)

Permanent wilting point (PWP) is the soil moisture content at which plants can no longer obtain enough moisture to meet evapotranspiration requirements and remain wilted unless water is added to the soil. In other way round, the permanent wilting point (PWP) is arbitrary defined as the soil moisture content at which the leaves of sunflower plants wilts permanently, i.e. when they do not recover their turgor if subsequently placed in a saturated atmosphere. The permanent wilting point is taken as the lower limit of available water so that water in drier soil is assumed to be not available to plants (Landon, 1991). The PWP of the soils of the project area reaches 287.6.

Table 5: Permanent Wilting Point.

	No
	Soil Texture
	permanent wilting point (mm m-1)

	Clay
	287.6


5.2.4.3. Available water capacity and readily available water Capacity

Soil Available Water Capacity (AWC) is the volume of water held between field capacity (FC; pF 2.5) and wilting point (WP; pF4.2) for a specified soil depth, usually the main root zone which for most crops is 0.6 m. We recommend that to avoid over-watering, crop water requirements (e.g. using Crop water) should adopt 0.6 m soil depth rather than the conventional 1.0 m. In general principle results of AWC <120mm/m, 120-180 mm/m and >180 mm/m has low, medium and high rate for irrigation suitability respectively. Readily available moisture is considered 60% of total available water as a rule. Calculation of AWC is done by the following formula.

AWC=[image: image6.png]
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Table 6: Available Water Capacity (AWC)

	Soil Texture
	AWC mm/m
	RAWC mm/m

	Clay
	181.4
	121.54


The above values were derived from the representative samples for the study area. The higher values of the available water capacity may be because of the higher organic matter content of the soils, soil structure and like. 

5.2.5. Bulk density

Bulk density is the overall density of soil (i.e. the mass of mineral soil divided by the overall volume occupied by soil, water and air); it should be distinguished from the density of the solid soil constituents. The bulk density of the soils in the study area varies between 0.93 and 1.21 g/cm3. The surface soils of pellic vertisol have bulk density of 1.21 g/cm3 while sub-surface soils of vertisol have bulk density 0.93 g/cm3.

5.2.6. Surface Coarse fragments

The surface coarse fragment in the soils of the study area is characterized by common to many coarse gravels and stone in most parts of the area. Normally, surface coarse fragments are not limiting factor in soils of the study area since it can be easily manageable.
5.3. Chemical Characteristics

5.3.1. Soil Reaction

Soil reaction (pH) is one of the chemical properties that govern the availability of nutrients such as available P, exchangeable bases and the micronutrients in soils (Buol et al., 1997). Generally, the pH in the soils of the profiles studied showed slight variation within horizons and among profiles. The soil pH-H2O values of  Kerfe irrigation site ranged from 7.3 to 7.4 indicating that the soils of the Kerfe area could be rated under moderate to high in soil reaction as per the rating recommended by Landon (1991). 
5.3.2. Electrical Conductivity (ECe)

The ECe values in the soils of the study area varied with depth within a profile and among profiles at different locations. The soil ECe values of Kerfe project site ranged from 0.285 to 0.290 ds/m. 
The results indicate that the ECe values in the study area were below 4 dS m-1 indicating that the concentration of soluble salts in the soils of the Kerfe site are below the levels at which growth and productivity of most agricultural crops are affected due to soil salinity as these were non-saline (Richards, 1954).

5.3.3. Organic Carbon (OC)

The organic carbon contents of the soils of the study area are in the range of 1.14% to 1.30% (1.22% average) and it is rated as low level. The organic matter content can be obtained by multiplying the value of organic carbon by 1.72% and can be used to as a measure of fertility status of the soil. Using the above conversion method, the average organic matter content of the surface soils of the study area is 2.24% as well rated as low level (Tekalign, 1991). In general, the OM content decreased consistently with increase in soil depth. This may indicate a relatively better accumulation of decomposable organic materials in the surface horizons than in the subsurface ones.

5.3.4. Total Nitrogen (TN)

Total nitrogen content of surface horizon and subsurface horizon of the described profile in the project area is similar i.e. 0.15%.  Commonly, soil TN contents within horizons in study area are rated as low level based on the ratings made by Landon (1991). 

5.3.5. Available Phosphorus (P)

Available P distributions varies with depth within a profile were observed in soils of the Kerfe irrigation site.  Available P decreased with soil depth in the described Profile.  The available P distribution with soil depth closely followed that of the OM trend. Available P ranged from 0.3 mg kg-1 to 1.84 mg kg-1 in the surface and subsoil horizons. 

According to the ratings by Landon (1991), the available P contents of the study area are generally at low level throughout the horizons. 

5.3.6. Available potassium (K)

Variable distributions of available K with depth within a profile and across profiles were observed in soils of the Kerfe small scale irrigation project. Available K ranged from 3.36 mg kg-1 to 7.80 mg kg-1 in the surface and subsurface horizons. The results indicate that available K in the soils of Kerfe irrigation site is not limiting factors but it requires different amendment actions in order to maintain the optimum level of the nutrient in sustainable bases. 
K content of a soil depends primarily upon the parent material and degree of weathering (Hesse, 1972).
5.3.7. Cation Exchangeable Capacity

Cation Exchangeable Capacity (CEC) of the soil of the study area was variable within horizons. So, in the surface and subsurface horizons of the soils of the study area, CEC ranged from 42.9 cmol(+) kg-1 to 43.2 cmol(+) kg-1. According to Landon (1991) ratings, the CEC value in the soils of the study area is  high. Thus, the value of CEC in the soil of the study area is an important indicator for both soil fertility/nutrition studies and for soil genesis and thus widely used in soil classification (Buol et al., 1997). Generally, CEC in the soils of the study area has indicated an increasing trend with depth. 

5.3.8. Exchangeable Sodium Percentage (ESP)

Exchangeable sodium percentage indicates the degree of sodicity or alkalinity of the soils. Soils with ESP <15% are generally considered as non-sodic whereas soils with ESP >15% are sodic soils and require amendment. The overall ESP status of the soils of the project area ranges from 0.55 to 0.98% with an average value of 0.78%. The results of the ESP in soils of the study area are almost free from sodicity problem.

 5.3.9. Calcium Carbonate (CaCO3)

The surface and subsurface horizons of the soils of the study area has Carbonate content of 1.80% and 5.23% respectively. According to Landon (1991) ratings, the Carbonates value in the soils of the study area is low level.  Indeed, high levels of carbonate (>15%) affect the physical as well as the chemical properties of soils (Landon, 1991) which further affect the available moisture capacity to be remains low irrespective of the measured clay content when there is high level of carbonate in the soils. Generally, the soils of the study area are non-calcareous in reaction.

5.3.10. Exchangeable cations

5.3.10.1. Exchangeable Sodium (Na+)

The exchangeable Na content of the surface and subsurface horizons of the soils of the study area equals 0.25 cmol (+) kg-1   and 0.45 cmol (+) kg-1 respectively. These levels of exchangeable sodium of both the surface and sub-surface soils indicate that the soils of the study area are free from adverse effects of high sodium levels on soil physical properties and crop growth; this is because the exchangeable sodium percentage derived from these levels is so low that (<15%) there is no problem of sodicity of the soils. 

5.3.10.2. Exchangeable potassium (K+)

 The surface horizon and subsurface horizon of the soils of the study area has an exchangeable K of  0.82 cmol (+) kg-1 and 0.56 cmol (+) kg-1 respectively. According to the ratings by Landon (1991), exchangeable K contents of the soils of the study area are in the range of moderate level.
In general, the exchangeable K contents in most of the soil horizons were higher than exchangeable Na. This could be due to the type of parent material from which the soil developed. Because, K content of a soil depends primarily upon the parent material and degree of weathering (Hesse, 1972). The overall exchangeable cations in most of the Profiles showed a content gradient of Ca > Mg > K > Na. According to Halvin et al. (1999), the prevalence of Ca followed by Mg, K and Na in the exchange site of soils is favorable for crop production.

5.3.10. 3.Exchangeable Calcium (Ca++)

The surface horizon and subsurface horizons of the soils of the study area has exchangeable Ca of 17.67 cmol(+) kg-1 to 26.10 cmol (+) kg-1 respectively. Exchangeable Ca in the surface and subsurface horizons of the profiles is moderate in its content. 

5.3.10.4. Exchangeable Magnesium (Mg++)

The exchangeable Mg in the surface and subsurface horizons is 5.51 cmol(+) kg-1 to 0.77 cmol (+) kg-1. Thus, the exchangeable Mg content is in the medium to high level. 
6. SOIL MAPPING UNITS
6.1. Soil mapping unit description

The soil of the command area are mapped and described based on their similar soil characteristics and constraints. The soils of the study area have been classified in to one soil unit. The dominant characteristics considered in mapping the soil unit are like soil type, soil drainage, depth to water table, soil texture and soil physical and chemical properties. Based on this, the major soil unit was identified. 

SMU 1

The only major soil type in this unit is pellic vertisol characterized by very deep to deep, very dark brown (10YR 2/2) when moist on their surface horizons and the sub surface soil color dominated by black color (10YR 2/1) when moist.
The soil unit has clay soil texture. The structure of the surface layers of the /profiles varied from moderate to strong, medium sub-angular blocky structure. Similarly, the structure of the subsurface layers of the profiles ranged from moderate, medium sub-angular blocky structure to strong medium to coarse sub-angular blocky structure. The consistency of this soil unit is very firm to firm when moist, sticky to very sticky and plastic to very plastic during wet condition. The total extent of the unit is 28 ha. This mapping unit is distributed on level plains which are characterized by moderately well to imperfectly drained soil drainage condition and lie on 2-5% slope range. 

The pH values of 7.3 to 7.4. The organic carbon content ranges from 1.14-1.30%, indicating low to medium organic carbon. The total nitrogen content equals 0.15% both in surface and subsurface horizons indicating low level nitrogen content. The available P of this soil mapping unit is found to be very low to low in its content, which ranges from 0.3-1.84 mg kg-1. The value of CEC ranges from 42.90 cmol(+) kg-1  to 43.20 cmol(+) kg-1 and the exchangeable sodium percentage ranges from 0.55 cmol (+) kg-1  to 0.98 cmol (+) kg-1 showing relatively high level of CEC and low level of exchangeable sodium percentage ranges. Thus, the soils are non-saline, non-sodic, and non-calcareous. 
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Figure 4: Kerfe SSIP Command Area

7. LAND SUITABILITY EVALUATION

7.1. 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. Land suitability is then defined as the fitness of a specific area of land for a specified kind of land use a so called land utilization type (LUT) under a stated system of management. Simply, to what extent is the land in questionable to support the LUT being considered? If the LUT appears profitable, the land is deemed suitable for it. 

Land is assessed for its suitability for a LUT by a consideration of soil properties and site factors as they might affect the practicality and cost of development and maintenance, and the productivity of the land. The classification is implicitly or explicitly based on the economics of land development, although physical features are used as a basis for the economic rating. Classification is intended to reflect the payment capacity of the land, where different classes indicate decreasing payment capacity relative to increasing requirements for development and continued production. There is a cut-off point beyond which limitations of soil and/or site are so severe as to preclude any possibilities of successful sustained use at reasonable cost.

In semi-arid zones the concept of land suitable for irrigation being linked with positive economic benefits is problematical because the cost of supplying water, however good the land and the soil, usually outweighs the potential benefits to be derived from the range of possible enterprises. In simple terms, all land in the strict economic sense is hardly suitable for irrigated agriculture. This difficulty is usually circumvented by arguing that in semi-arid regions having a predominantly rural economy, soil and water are both scarce commodities and even if they are of poor quality their coexistence frequently justifies agricultural production, regardless of purely economic considerations. However, a realistic assessment should be provided of the ability of the project to satisfactorily develop land for irrigation because if such development cannot be properly achieved the livelihood of the local beneficiaries will be seriously jeopardized, this is not a risk that should be entertained.

Notwithstanding the above argument one can say that in the FAO system of land evaluation suitable land (S) is that on which sustained use in the defined manner is expected to yield benefits acceptable for the required capital and recurrent inputs (costs), without causing unacceptable risk to the environment. Unsuitable land (N) has characteristics that preclude its sustained use in the defined manner because of an unacceptable requirement of development or recurrent inputs. 
7.2. Land Suitability Classes and Subclasses

The land suitability classes S1 to S3 indicate relatively suitable, to reflect decreasing benefits relative to increasing requirements for continued production; either a greater cost is required to achieve the same yield or yields will be lower under the same costs. 

A truly quantitative land suitability evaluation based on real economic assessment is difficult to make, due to scarcity or unreliability of data, uncertain pricing and marketing policies and highly fluctuating marketing conditions. Moreover, in areas where transport and infrastructure are poorly developed the proximity of an all-weather asphalt road or a large town (market) can make the surrounding land highly suitable in economic terms, far more suitable than the quality of land might indicate. More distant land might be far better physically for a defined use but less attractive economically simply because of its remoteness. Likewise, it may be preferable or more cost-effective to irrigate relatively poorer quality land close to a water source rather than pump and pipe water to better but more distant land. These considerations are not embodied in the FAO land classification but must be considered by the developer.

For each suitability class there are a number of sub-classes that reflect the type of limitations that restrict the suitability of the soil mapping unit. Note that S1 has no specific limitations. Limiting factors governing land suitability evaluation for irrigation in project area are:


t 
-             Topography (micro topography, dissection)

r 
-             Restricted root ability; limited depth to bedrock and coarse material  

s 
-             Salinity 

dw 
-             Poor drainage and shallow water table

p 
-             Soil pH

st 
-             Stoniness

x 
-             Texture

i
-             Infiltration rate

h
-             Hydraulic conductivity
Table 7: FAO Recommended Land Class Definition.

	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
	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.


7.3. Land Use Requirements, Land Characteristics and Land Qualities

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.

Land Characteristics

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. 

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. Critical limits have been given a suffix in suitability evaluation to denote the main limiting factor or factors that affect the management of the soil mapping units.  

Land use requirement for surface irrigation and land characteristics, land qualities and class determining/ limiting factors governing land suitability evaluation for irrigation are given in table below.
Table 8: Land Use Requirements and Critical Class Limits for Surface Irrigation.

	Limiting factors
	Suitability Classes

	
	S1
	S2
	S3
	N1
	N2

	Slopes (%)
	0-1
	1-2
	2-4
	4-8
	>8

	Drainage
	Well
	Moderately well
	imperfect
	poor & excessive
	very poor

	Depth ( cm )
	>200
	120-200
	60-120
	30-60
	<30

	Soil texture 
	Silty loam - clay loam
	Sandy loam – clay
	Loamy sand & heavy clay
	Sand 
	very coarse sand

	Coarse material (%)
	<1
	1-3
	3-15
	15-50
	>50

	Structure
	SAB
	SAB
	Platy
	Massive
	 

	Salinity (mS/cm)
	<4
	4-8
	8-12
	12-16
	>16

	ESP (%)
	<10
	10-15
	15-20
	>20
	>20

	CEC (meq/100g of soils)
	>20
	5-20
	1-5
	<1
	<1

	OM (%)
	3-5
	1-3
	<1
	<1
	 

	 Total N (%)
	>0.5
	0.2-0.5
	0.1-0.2
	 
	<0.1

	Available P (ppm)
	>15
	5-15
	<5
	 
	<2

	pH 
	5.5-7.0
	5.0-5.5&7.0-8.0
	4.5-5.0&8.0-8.5
	8.5-9.0
	<4.5&>9.0

	IR (Cm/hr)
	0.5-3.5
	0.1-0.5
	6.5-10.0
	10_25
	<0.1 or >25

	
	 
	3.5-6.5
	 
	 
	 

	HC (m/day)
	>1.5
	1.5-0.5
	0.4-0.2
	<0.2
	 

	AWC (mm/m)
	>150
	>100
	>75
	>50
	<50


Table 9: Land Characteristics and Land Qualities of Soil Mapping Units.

	Class Limiting Factors


	SMU1

	Slope %
	0-2

	Drainage 
	imperfect

	Depth (cm)
	>200

	Texture 
	C

	Coarse material (%)
	M

	Structure
	S

	Salinity (mS/cm)
	0.288

	Sodicity(ESP)
	0.78

	CEC(meq/100 gm of soils)
	43.05

	OC (%)
	1.22

	Nitrogen (%)
	0.15

	Available P(mg P2O5/kg soil)
	1.07

	pH 
	7.35

	Fertility index
	Moderate

	IR (cm/hr)
	1.95

	HC (m/day)
	0.28

	AWC (mm/m

	142.7


7.4. Results of Land Suitability Evaluation 

Matching and super imposing of the land use requirements and critical class limits with the soil and land characteristics and limiting factors of the SMU has resulted in suitability classes. Initially matching proceeds for each land quality for each soil mapping units. These individual ratings are then combined to give an overall suitability for the soil mapping units. To arrive at the final land suitability classification for proposed irrigation of the command area, possible remedial measures have to be considered relevant to soil fertility and socioeconomic conditions. 

Evaluation of land use requirements for irrigated agriculture with soil and land characteristics, land qualities and limitations of each soil mapping unit in Kerfe command area has given the irrigation land suitability class with its specific limitations requiring remedial measures for up grading the land and soil suitability of each soil mapping units. The result of suitability evaluation for surface irrigation is shown in Table 10 below.

Table 10: Results of Surface Irrigation Suitability Evaluation.

	SMU
	Suitability under proposed irrigation
	Area (ha)
	Area (%)

	
	
	
	

	SMU1
	S2 (x, dw, i, h, st)
	28
	100


According to the result given in Table above the main limiting factors of the soils of Kerfe command area are texture, low infiltration rate, low permeability and surface coarse fragment. These limiting factors mentioned have brought the soils to be moderately suitable under optimal level of management. Both of the limitations can be corrected at different level of intervention; for example poor drainage status of the soil can be easily improved by utilization of BBM (Broad Bed Maker).  The moderately suitable mapping units (SMU1) limited by low infiltration rate and low permeability can be improved to highly suitable class (S1) with irrigation water management. As well, surface coarse fragment can be modified and altered to suitable condition for the proposed irrigation practice.  
Land Evaluation for Selected Crops 

Proposed Crops

Crops and cropping patterns have been selected based on existing conditions, climate, and requirement of individual crops for daily consumption and market oriented crops as means of income generation for the community. The major proposed crops are Maize, Onion, Potato, Pepper, Cabbage and Tomato. 
Crop Requirements 

A crop requirement is an optimum land and soil characteristics and qualities required to achieve average and high yield plus a potential for improvement in the future as more experience and management capacity is gained. Crop requirements for proposed and selected crops for the project have been reviewed and analysed for surface irrigation under medium input level.
Results of Crop Suitability Evaluation

Crop suitability evaluation for the proposed crops has been done to investigate alternative viable cropping pattern. It enables planners and managers including farmers, to consider all practicable alternative cropping patterns. Crop suitability evaluation for the proposed crops under a medium level of management has been considered.

Matching and superimposing crop requirements under irrigation with soil and land characteristics, land qualities and limitations of each soil mapping unit has given the irrigated crop suitability class. Hence all proposed crops which are: Maize, Onion, Potato, Pepper, Cabbage and Tomato are found to be moderately suitable under irrigation but Onion and Potato is found to be marginally suitable due to soil texture (Heavy clay soil obstruct the expansion and growth of bulb and thereby affect both quality and productivity of these crops) 

Table 11: Results of Crop Suitability Evaluation under Irrigation.

	SMU
	Proposed Crops

	
	Maize
	Tomato
	Onion
	Potato
	Pepper
	Cabbage
	Sweet Mellon

	SMU1
	S2 (x, dw, i, h, st)
	S2 (x, dw, i, h, st)
	S3 (x)
	S3 (x)
	S2 (x, dw, i, h, st)
	S2 (x, dw, i, h, st)
	S2 (x, dw, i, h, st)


8. CONCLUSIONS

There are extensive areas of vertisols in the command area (about 90%). Vertisols have higher natural fertility, high water holding capacity and respond well to several crop requirements. However their drainage and workability impose critical limit to agricultural production and management, especially under irrigation. Therefore proper crop selection and use of traditional and modern technologies should be developed for improved management of Vertisols in order to improve the situation. These include
      ● Disposal of excess water by introduction of Broad Bed Maker (BBM)  

      ● Land preparation and sowing of crops (dry sowing) before the onset of rainy 

        Season
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10. APPENDICES

Appendix 1: Soil Survey Auger Description Format.
Oromia Irrigation Development Authority (OIDA) _Client

AYJEF Water Works and Business Service PLC _ Consultant

Lemi Fesesa, Kerfe, Kerfe and Gadula small scale irrigation project

Soil Survey Format for Soil auger observation

Field No. _______________    Author_________________             Status_________

Project site_______________   Date_______________

Observation site location __________ GPS N: _________      E: ____________                                 

                                                              Elevation______
SMU__________                   Erosion      
Surface Crust _______          A) at site_____________          Land use ________________

Cracking ___________         B) at surrounding________      Crop grown_______________

Drainage Class/Ext_____ __ Micro topography_______       Crop grown since when_______

Land Form__________ _       Seepage_______________       Range Land

Flooding F/D__________      Slope Class _____________    over grazing_____________

Position_____________        Slope aspect/direction _____    Slope form______________

 Bush encroachment_____________

GWTD (cm) _________        Rock out crop __________      Vegetation type________________

Permeability_________         Surface Stone/gravel _____     Dominant species_____________

Parent material________       Human Influence ________     Invasive species_____________   

	Depth(cm)
	
	
	
	
	
	

	Moisture Status
	D/T
	
	
	
	
	

	Color
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	Mottles
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Contrast
	
	
	
	
	

	Texture
	
	
	
	
	
	

	Coarse Fragment
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Topsoil Structure
	Grade
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Type
	
	
	
	
	

	Consistency
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	
	Wet
	
	
	
	
	

	Cementation
	Grade
	
	
	
	
	

	Mineral nodules
	Abundance
	
	
	
	
	

	
	Color
	
	
	
	
	

	
	Hardiness
	
	
	
	
	

	
	Nature
	
	
	
	
	

	
	Kind
	
	
	
	
	

	Carbonate
	
	
	
	
	
	

	Field PH
	
	
	
	
	
	

	Field EC
	
	
	
	
	
	

	Diagram and/or comment of the site
	Diagram and/or comments between sites


Appendix 2: Soil Survey Profile Description Format.
Oromia Irrigation Development Authority (OIDA) _Client

AYJEF Water Works and Business Service PLC _ Consultant

Lemi Fesesa, Kerfe, Kerfe and Gadula small scale irrigation project             

Soil Survey Format for Soil Profile Observation

Field No. _______________ Author_________________ Status_________

Project site_______________ Date_______________

Observation site location _________ GPS N: _________      E: ____________

Surface crust__________        Erosion

Cracking ____________           A) at site__________         Land use ___________

Elevation____________            B) at surrounding_____      Crop grown_______

Drainage Class/Ext_______   Micro topography______       Crop grown since when__

Land Form__________ _       Seepage______________      -Range Land

Flooding F/D__________      SMU________________           Over grazing__________

Position______________       Slope Class___________           Bush encroachment____

GWTD (cm) _________        Slope aspect/direction_____ 

Vegetation type_________    Slope form _________

Permeability_________         Rock out crop___________        Dominant species______

Parent material________       Surface Stone/gravel______        Invasive species_______                                                                          

                                               Human Influence__________

	Horizon symbol
	
	
	
	
	
	

	Depth(cm)
	
	
	
	
	
	

	Boundary
	
	
	
	
	
	

	Moisture Status
	D/T
	
	
	
	
	

	Color
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	Mottles
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Contrast
	
	
	
	
	

	Texture
	
	
	
	
	
	

	Coarse Fragment
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Structure
	Grade
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Type
	
	
	
	
	

	Crack
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Appendix 3: Format for Investigation of Infiltration Rate.
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Appendix 4: Format for Investigation of HC
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Appendix 5: Kerfe SSIP Soil Auger Description Result
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Appendix 6: Kerfe SSIP Soil Auger Description Result 
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Appendix 7: Kerfe SSIP Soil Auger Description Result
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Appendix 8: Kerfe SSIP Soil Profile Description Result
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Appendix 9: Kerfe SSIP Soil Analysis Laboratory Result
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