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EXECUTIVE SUMMARY

Sota small-scale irrigation scheme is situated in Abalo Sota Kebele, Bedele district of Illu Aba Bora zone of Oromia National regional State (see figure 1). The Sota River, proposed as source of water for irrigation, is Perennial River that joins Dabena River, which is a tributary of Didessaa River, found in the Nile River basin. The irrigation site is located about 13 kms away from the wereda town of Bedele along side of the main Bedele Metu asphalt road.

The main objective of the soil survey investigation is to provide detailed information on land and soils of the command area of the project as basis for confirming/rejecting the irrigation potential (all or part of the area), irrigation designs, agricultural input requirements such as fertilizer applications etc. The soil survey investigation work stared at the fieldwork on May 4, 2016 and continued until May 14, 2016. 

The soil survey investigation was carried out over a gross area of some 50 ha at a detailed level (1:10,000 scales) with an observation density of 1/10ha. About 5 auger holes and one profile pit observations were made and described. In-situ physical measurements and 5 soil samples have been taken from identified profiles for full analysis at WWDSE laboratory Service.

The methodology included the review of previous studies, interpretation of   topographic maps. Field auger observations, profile descriptions and soil sampling, in-situ test of IR and HC were conducted in free survey.

Based on soil genesis, morphological and other profiles and surface characteristics the present soil survey of the command area and analysis results enabled the identification the suitability of soils for irrigation.

The project lies between altitudinal range 1160 and 1260 masl. The command area is situated mainly in gently sloping plain ranging between 2 and 6%. The extensive area is covered by deep rooting depth, varying from 150 to 200 cm depth. Hence, the rooting depth is suitable for any crops. The bulk density of the soils in Sota irrigation project area varies from 1.37 to 1.47 g/cm3. Soil available water capacity (AWC) is very high 218 mm/m.  The texture of the investigated soils varies from clay loam to clay. The infiltration rate & HC are 1.4 cm/hr and 0.9 m/day respectively.

The reaction of the soils is moderately acidic, with pH value varying from 5.77 to 6.29 with mean value of 6.0.  The ECe value of the project area is insignificant (0.02 – 0.08 dS/cm) and no salinity constraint in the area.   The CEC value of the survey area is very high level ranges from 25.3 to 38.89 meq/100g soil, indicating a high plant nutrient storage capacity. The exchangeable sodium content is at low rate, which is varying from 0.09 to 0.32 meq/100g soil and would not cause any adverse effect on soil property. The potassium status of the soils in - irrigation project varies from very low (0.09 meq/100g soil) to very high value (1.24 meq/100g soil) with an average value of 0.27 meq/100g soil. The content exchangeable calcium and magnesium are high level varies from 13.99 to 19.74 meq/100 g soil and 6.17 to 18.34 meq/100g soil respectively.   The organic carbon content classified as moderately high level, which ranges from 0.47 % to 3.52 % with an average value of 1.83 %.  The soils have low total nitrogen status, which ranged from 0.04 to 0.19 % with an average of 0.11 %. The available phosphorus content ranges from 0.25 to 14.9 mg/kg with an average value of 4.67 mg/kg, which indicates that it is at low level.  Hence there is a need for application of Phosphorus fertilizer under proposed irrigation area. The soils of Sota Small Scale Irrigation Project broadly fall into two major unit called Haplic Nitisols (Eutric, Rhodic) and Haplic Luvisl  (Eutric, Chromic) and  reclassified into three soil mapping units based on slope, namely Soil Mapping Unit-1, Soil Mapping Unit-2 and Soil Mapping Unit-3.

The present study has shown that the total available suitable land (S1, S2 & S3) for surface irrigated agriculture of the selected crops (including maize, wheat, pulses, oilseeds, vegetables and perennials) is 42.6 hectares of land (about 85%),   Moreover, the remaining part of command covering some 3.3 ha was found to be currently unsuitable for surface irrigated agriculture because off steep slope. However, this area can be used for rainfed agriculture for fruit and forest plantation.  4.2 hectares of land classified as permanently not suitable for surface irrigation as a consequence of very steep slope, gullies and river channels.  

Ultimately the study suggested the following amelioration measures:

To overcome the deficit of some soil nutrient applying of inorganic and organic fertilizer is one of the best option. Therefore, based on some national agricultural research result the following rate of fertilizer can be recommended: 

· For pulse crops, as far as they have ability to fix nitrogen do not need nitrogen, but they require 100 kg DAP per hectare.

· Sesame is needed 100 kg DAP per hectares of land.

· For some vegetables like onion requires 300 kg /ha and for tomato 150 kg Urea or 80-160 ton organic (dung).

· For maize on Nitisols is recommended 200 kg/ha of Urea and 100 kg/ha o DAP and on Luvesols 200 kg/ha Urea and 150 g DAP.

· Groundnut can fix atmospheric N but as a starter dose 20-25kg N/ha is required.

On top of that 

· To improve and maintain soil fertility mulching of crop residues after harvesting should be practiced with application of manure and compost with inorganic fertilizers.

Although, the detected erosion risks are in small degree but soil erosion control measures should be implemented at the beginning of development.

1 INTRODUCTION

1.1 Background

AWE Consultants plc has entered to an agreement with OIDA of Illu Aba Bora Zone in Oromia Regional State to render consultant services for Feasibility Study of the Sota Small Scale Irrigation Project. The Development of Irrigation Project has a role in improving the living condition of the poor rural communities through support of community based projects by the objective of improving income of the communities and to increase Agricultural Products.

One among the feasibility study component is the investigation of soil survey and land evaluation, which assist the design of irrigated agricultural development of the area. The feasibility study of irrigation project is planned to be conducted in Sota River. The soil survey of the Sota Small Scale Irrigation Project is covered a gross area of 50 ha. This report presents the findings of the soils study of the envisaged project.  In the following chapters the environmental setting of the area, study methodology and the result of the study have been presented followed by land suitability evaluation.

1.2 Objective of the Study 
The main objective of the soil survey is to:

· To investigate physico-chemical soil properties of the soils, to identify their geographic distribution and to evaluate land suitability for irrigation.

· To assess the potential of soils of the area for selected crops under irrigated agriculture development;

· To determine fertility status of the area and make the best recommendation for the irrigation development based on soil test data;

1.3 Scope of the work 
The scope of the soil survey investigation work that have been undertaken to achieve the objectives of the study included the following, but not exhaustive:-

· Field level study by adopting free survey technique, to a depth of 120 cm (as the rooting depth of most crops is about 1m) and profile pit at a depth of 2 m, except where obstructed by lithic contact and shallower depth;

· Conducting standard soil physical and chemical analysis at laboratory level on soil samples to be collected at field level;

· Detailed land suitability assessment and production of standard land suitability study report with the accompanying land suitability maps (at 1:10,000 scale) for the LUTs (Land Utilization Types) to be considered.

· Measuring of infiltration rate using double ring Infiltrometer;

· Determination of permeability of the soils employing inverse auger hole method (to infer the drainage class) in triplicate at representative sites as the soil conditions permit;

· Determination of moisture release characteristics (PWP, FC, & Bulk Density) from samples of representative sites;

· Production of standard soil survey and land evaluation report with the accompanying maps (at 1:10,000 scales) for the project area. The soil map shall form the bases for detailed land classification and delineation of suitable land for  irrigation;
2 THE PHYSICAL ENVIRONMENT OF THE STUDY AREA

2.1 Location and Extent 

Sota Small Scale Irrigation Project is located in Bedele wereda, Illu Aba Bora zone of Oromiya Administrative Regional State. The survey area is especially located in Abalo Sota kebele. It is enclosed by geographical coordinates 196800 and 197600 m UTM E and 926400 and 928600m UTM N. And it covers about 50 ha.  The study area can be reached from Bedele town, the administrative city of Wereda; by 13 kms all weather roads.
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Figure 1: Location Map of the Sota Small Scale Irrigation Project 
2.2 Geology and Landform 
The project area is covered by Aphanitic and vesicular (scoracious) basalt rock types that came through crystal fissure and brought formations of continental flood basalt province, known as Trap series of Ethiopia.  This geological formation is covered by residual and colluvial deposits. Basalt rocks are observed at the banks of the river and overlying the aphanitic basalt.

The topography of the project area varies from plain, nearly level, in the valley bottoms, to gently undulating land surface on the upper sides of the valley influenced by colluvial and alluvial formations.  The project lies between altitudinal range 1850 and 1900 masl. The command area is situated mainly in flat to gently sloping plain ranging between 0 and 6%. To give overview of the topographic feature of Sota small scale irrigation project has been attempted and shown in Fig 2 the slope map of the area.
Landform is mostly defined in terms of slope and relative elevation of land. According to the present work the slope grading generally vary from 0 to 15% slope. The landform of the area is characterized by flat and almost flat with slopes not steeper than 2%, gently undulating (gently sloping) which occurs within the slope range from 2 to 6%, undulating (sloping) within slope range 6 to 10%, rolling strongly slopping between 10 and 30% and moderately steep between 10 and 30%. 

As depicted on table 8-1 below, 50 hectares of land, which consisted of 74% out of the total of land is almost flat to gently undulating landform. The remaining area is covered by hilly and dissected valleys, which consists of 13 hectares of land.

Table 2 - 1
Slope class of Sota-Abalo small-scale irrigation scheme 
	Sr. No
	Slope Class (%)
	Description
	Area (ha)
	Area (%)

	1
	0 - 2
	Flat 
	15.2
	23

	2
	2 - 4
	Gently Undulating
	12.3
	33

	3
	4 - 6
	Rolling 
	15.1
	28

	4
	6 – 8
	Gently Sloping
	3.3
	11

	5
	8 – 30
	Sloping & Very Sloping
	4.2
	4
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Figure 2: Slope map of Sota Small Scale Irrigation Project
2.3 Climate 

The Sota small scale irrigation project falls in the traditional Woinadega climatic zone.  The rainfall regime of is mono-modal with the main rainy season occurring between April and October months.  The peak rains occur in May and September.  According to metrological data of Bedele stations, the mean annual rainfall is 161 mm and the highest monthly peak is 347.1mm that occurs in September and the lowest in January (13.3mm).  Minimum annual temperature of the site fluctuates between 11. 4 0c and 14.3 0c and the maximum temperature are between 22.40c and 28.90c. The average temperature is ranging from 17.50 to 21.450c with an average value of 19.210c. The mean monthly wind speed is 0.57m/s while sunshine hours vary from 3.5 hr (in July) to 18.7(in December) with a monthly mean of 6.9 hours. The monthly relative humidity ranges from 60.8 % in February to 86.8% in August with monthly mean 73.6% (See Table 8-2 the Metrological data of the site below). 

Table 2 - 2
Summary of Climatic Data and ETo for the Bedele Irrigation Project Command

	Country: Ethiopia

Station: Bedele 

Altitude: 2011m.                  
Latitude: 36.38 E

Longitude: 8.47o N



	Month
	Temperature (oC)
	Humidity

(%)
	Wind sp

m/sec
	Sun shine 

hours
	Rainfall

(mm)
	Eff. Rainfall

(mm)
	ETo

(mm/day)

	
	Min
	Max.
	
	
	
	
	
	

	January
	11.9
	27.3
	66.8
	0.4
	8.4
	13.3
	0.0
	1.49

	February
	13.0
	28.9
	60.8
	0.4
	8.3
	20.1
	2.1
	2.23

	March
	14.0
	28.9
	61.3
	0.6
	7.7
	65.1
	29.1
	3.17

	April
	14.3
	28.3
	65.5
	0.6
	7.8
	107.3
	61.8
	3.90

	May
	13.6
	25.8
	77.3
	0.6
	7.0
	218.9
	151.1
	3.96

	June
	12.7
	23.7
	83.2
	0.6
	5.6
	323.3
	234.6
	3.60

	July
	12.6
	22.4
	85.3
	1.2
	3.5
	311.4
	225.1
	3.00

	August
	12.6
	22.5
	86.8
	0.9
	3.7
	313.6
	226.9
	2.75

	September
	12.6
	23.9
	82.8
	0.4
	5.5
	347.1
	253.7
	2.64

	October
	12.4
	25.1
	72.9
	0.5
	8.4
	139.8
	87.8
	2.41

	November
	12.1
	25.5
	73.1
	0.4
	8.6
	47.2
	18.3
	1.66

	December
	11.4
	25.6
	67.4
	0.2
	8.7
	24.9
	4.9
	1.13

	Average
	
	
	
	
	
	
	
	2.66


Source: AWE, 2016.Hydrology Sector

2.4 Water Resources

The main water source of the project area is Sota River. The River runs beside the project and eventually drains to Abay River. 

2.5 Land Use and Vegetation Types
Land cover of the Sota small scale irrigation project area is disturbed forest land. Along the river bank scattered forest land and on the steeper slopes forest coffee is abundant. The land use is Rain-fed arable cultivation 
The major tree species areː Croton mactostrachys, Acacia abisinica,  Procarpus falcatuus, Milatia flrruginea, ,  Kombolcha (Or), Arba (Or), 
Doddota (Or), Abaya (Or), Urgesa (Or),   Ficus sur,  Ficus sur, Akuku (Or).Carrisa edulis, Dodonia ungustifolia and Eculea shiperi are major bush and shrubs, which dominantly are located in the existing valleys. The application of fertilizer in not practiced. The major crops in the area are forest coffee.
3 STUDY APPROACH & METHODOLOGY

The FAO Guidelines (2006) for soil description has been fully employed in the current field soil survey. Furthermore, the soils of the project area have been classified using the FAO-WRB (2006) legend for soil resources classification. The overall soil survey work (activities/tasks) carried out into three steps, which described as follows. 

3.1 Planning Stage
This stage of the entire soil survey work is the preparatory stage and therefore, all the necessary tasks for the study have been made such as review of previous study documents, preparation of base map, field soil survey guidelines, and field data collection formats for the soil description.
3.2 Fieldwork Stage 

The field survey was carried out from the 08-May 2016 12-May 2016. The study was carried out according to technical proposal that encompasses auger observation, description of profile pit, and conducting infiltration and hydraulic conductivity in-situ test. 

The field observation comprised description of profiles of pits, auger holes and collection of soil samples for laboratory investigations. Each observation was described systematically according to the FAO guidelines for soil profile description. The auger soil description has been made up to the depth of 1.20 m except where restricted by lithic contact and pits have been excavated up to 2m depths on representative sites.  This was to describe properly the main soil types identified by routine auger survey. The soil profile exposed by digging a vertical pit with dimensions of about 1m width, 2m length and 2m depth.   

The soil profiles were described following Guidelines for Soil Profile Description (FAO, 2006).  one soil profile pit was excavated and described at representative site of irrigable area and samples were collected from identified genetic horizons. Detailed information was collected during the field work which described each of the identified land unit considering geomorphology, soil, land use/land cover and vegetation. All observations of augers and profile pit were recorded on soil description sheets. For each observation site the external and internal characteristics and information were recorded. The external characteristics such as  coordinates noted by using hand held GPS, land use /land cover, preliminary soil classes, land form, slope  measured with the help of clinometers, presence of micro topography, surface cracks and surface crusting, soil color by using Munsell color charts, parent material, presence /absence of flooding by interviewing local people, presence or absence of stoniness, erosion hazard (by estimation), presence of carbonates tested by 10% diluted HCl and ground water table level.

The internal soil characteristics such as soil depth (to rock or stony layer), texture, mineral nodules (Fe, Mn), mottling, and depth to water table were noted for each auger hole, description sheets. In the case of soil profile pit additional internal soil information such as soil horizons, structure, consistence, porosity, roots, cutans, slickenside etc… were recorded on profile description sheet.

A total of 5 augers, and one profile were described, out of which 5 samples were collected from representative horizons for analysis and sent to WWDSE Soil laboratory. 

3.3 Deskwork Stage 

Prior and during this stage a systematic interpretation of available imagery, field and laboratory data entry, analysis and interpretation of the results, final legend construction, thematic map preparation and report writing was made. In the laboratory, the following parameters are analyzed: 

· pH H2 O in 1:2.5; 

· Organic carbon and total nitrogen;
· Available P; 

· Electrical conductivity (ECe) of saturation extract;
· Cation exchangeable capacity (CEC);
· Exchangeable Na+, Ca2+, Mg2+, K+ ;
· Free calcium carbonate;
· Total nitrogen;
· Textural analysis;
· Bulk density Moisture volume at field capacity (1/3 atm) and at permanent wilting point (15 atm) for pF ring core samples.

4 SOIL PHYSICAL CHARACTERISTICS

4.1 Effective Rooting Depth
Effective soil depth is the depth of the soil that may be exploited by plant roots. Rooting depth is classified as follows: 

· 0-25 cm = Very shallow

· 25-50 cm = Shallow

· 50-100 cm = Moderately deep

· 100 – 150 cm  = Deep

· 150 – 200 cm  = Very Deep

Regarding the surveyed area the effective soil depth is characterized by moderately deep to very deep. The extensive area is covered by deep rooting depth, varying from 100 to 150 cm depth. While shallow depth (< 50 cm) is less extensive and limited to sloppy area. Hence, the rooting depth is suitable for any crops and irrigation farming. So the soil depth will not be a constraint for the present irrigation development project.

4.2 Soil Erosion Hazard

In the project area none to slight sheet soil erosion. So the soil erosion will not be a constraint for the present irrigation development project.

4.3 Surface Stoniness
The occurrence of surface rock fragments composed of gravels, cobbles and stones. The surface stoniness can negatively affect the tillage condition of mechanized farming. But, in traditional plowing, surface stoniness will not induce any constraint. In the case of the present study the cover of surface coarse fragments is few to none. However, it may not a problem for anticipated irrigated development. 

4.4 Bulk Density

Bulk-density of a soil is the weight of a known soil volume compared to the weight of an equal volume of water, or weight per unit volume. To measure bulk density of the soils undisturbed soil samples were taken by using PF core sampling cylinder, were sent to Soil Laboratory. If the value of soil bulk density exceeding than 1.65 g/cm3 is expecting compaction. Concerning the bulk density of the soils of Sota small scale irrigation project area varies from 1.09 to 1.19 g/cm3. Hence, any soil compaction will not be expected.
4.5 Soil Drainage Class

The very dark brown to brown colored soils have imperfectly drainage systems. While, brown to reddish brown colored soils have moderately well to well drained.  The depth of ground water of the survey area is very deep. 
4.6 Soil Moisture Characteristics

4.6.1 
Field capacity 
The moisture is held against gravity by a force known as moisture tension.  The tension is expressed in equivalent atmosphere. One atmosphere is equal to a section or negative pressure of 1 kg/cm2.  At field capacity soil retains moisture at about 1/3rd atmosphere.  The field capacity of soil most necessarily depends on the soil texture. FC is the upper limit of available soil moisture under irrigation. The field capacity of the study area varies from 40.96 to 41.66%.

4.6.2
Permanent Wilting Point (PWP)
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 value of permanent wilting point (PWP) of the study area varies from 19.30 to 19.54%. 
4.6.3
Available water capacity (AWC) and Readily Available Water Capacity

Available water capacity (AWC) is the volume of water retained between field capacity and permanent wilting point.  However, all available moisture is not accessible to plants due to imperfect drainage, hydraulic conductivity of soil, root concentration at different depths and stage of plant growth.  A rule of thumb is that the readily available soil moisture is about two third of the total available moisture between field capacity and Permanente wilting point.  According to rating value the AWC < 120 mm/m classified as low, 120-180 mm/m as medium and >180 mm/m as high level.
According to the calculation value of AWC and RAWC value is 210 mm/m and 165 mm/m respectively. Hence the soils categorized in to high category. When soil-water content is high, very little effort is required by plant roots to extract moisture.
4.7 Soil Texture

Soil texture implies a relative proportion of sand, silt and clay in the fine earth fraction (the soil material smaller than 2mm in diameter). It was described by feeling method in the field and by hydrometer method in the laboratory. 

The particle size analysis using USDA standards showed that the texture of soils in the study area varies from clay loam to clay. The sand fraction ranged from 17 to 31% with mean value of   24%, the silt content varied between 18 and 30% with an average value of 24%, and the clay content varies from 42 to 56% with an average of 49%. 
5 CHEMICAL CHARACTERISTICS OF SOIL


5.1 General

Soil chemical properties have a great influence on planning soil and agronomic programs best suited to the proposed irrigation projects, and evaluation and monitoring of the schemes. The soil chemical characteristics of each soil had been analyzed and discussed based on laboratory analytical results of soil samples collected from the field. 

5.2 Soil Reaction

One of the physiological characteristics of the soil solution is its reaction. The soil reaction is expressed through pH value. The pH value of soil is an important indicator, which describes acidity and alkalinity of the soil and the availability and toxicity of macro and micronutrients. Moreover, it is used to appraise correctable soil deficiencies relating to economic correlation such as lime for acid soil and gypsum for sodic soils .pH value is determined by pH-meter in a 1: 2.5 soil-water suspensions.
The reaction of the soils in the present work is moderately acidic, with pH value varying from 4.9 to 5.16 with mean value of 5.03.  This result indicates that the soil is moderately acidic.   
5.3 Electrical Conductivity (ECe)


The electrical conductivity (ECe) is measured in a saturation of an extract of the soil water suspension using a conductivity meter. The electrical conductivity measurements are used as an indicator of total soluble salts in the soil. If the value of EC is below 2mS/cm then the soils are not saline. Regarding to the studied soil, the ECe value is insignificant (0.01 – 0.03 mS/cm) and hence, soil salinity is not a limitation.
5.4 Exchangeable Sodium Percentage
The exchangeable sodium percentage is the degree of saturation of the soil exchange complex with sodium and may be calculated by the formula. ESP is usually a good indicator of the structural stability of a soil and physical response that may be anticipated when water is applied soils with ESP >15% is classified as Sodic. In the present work the calculated value of exchangeable sodium percentage (ESP) is negligible and its value varies from 3.84 to 3.53%. Therefore, the soils of the project area is non sodic.
5.5 Organic Carbon

Organic carbon contains an acids that can make plant roots more permeable, improving their uptake of water and nutrients, and can dissolve minerals within the soil, leaving them available for plant roots. It also helps make a good environment for all the soil microbes and organisms that work with and enhance a plant's health and growth. And organic matter can improve the texture of all types of soils, from gritty sand to heavy clay. Sequestration of carbon in agricultural soils through appropriate management actions has been recognized as an important tool to mitigate climate change.

Carbon is the main element present in soil organic matter, on average making up 58% by weight.  Organic carbon is the principal storehouse for nutrient influencing soil structure and biological activity. It has been determined by using Walkly and Black method in the laboratory and has been expressed in percentage (%). The critical level of organic carbon is 1.2%. The organic carbon content of the soil ranges from 0.52 % to 2.99 % with an average value of 1.8%, indicating that the level of organic carbon level soil is classified as low to very low. 
5.6 Total Nitrogen

Nitrogen is an essential nutrient element, which highly influences the plant growth.  It is a constituent of chlorophyll, plant proteins and nucleic acid. The total nitrogen content of the project area has been determined by using Kjeldahi method in the laboratory. Regarding to the soils of Sota site has low total nitrogen status, which ranges from 0.06 to 0.39 % with an average of 0.2 %. Therefore, the soils needed application of nitrogen fertilizer.
5.7 Carbon to Nitrogen Ratio (C: N)

Nitrogen most often controls the rate of organic matter decomposition; it is needed to build protein in new bacterial and fungal population. The nitrogen in microorganism and organic material is given as the carbon: nitrogen ratio. Soils or materials with small or narrow are relatively rich in nitrogen, while those with higher or wider ratios are relatively low in nitrogen.  The plant residues with C: N ratios 20:1 or narrower have sufficient nitrogen to supply the decomposing microorganism and to release nitrogen for plant use. Residues with C: N ratios of 20:1 to 30:1 supply sufficient nitrogen for decomposition, but not enough to release nitrogen for plant use.   The C: N ratio of humus ranges between 10 and 12, which is considered as a good quality of organic matter. Regarding to the present work the proportion of organic carbon to nitrogen is 16:1. Thus the quality of organic matter is poor.

5.8 Available Phosphorus

Available phosphorus is the amount of phosphorus readily available for absorption by plant roots. Three different phosphorus ions are formed by ionization of one, two, or all of the three hydrogen from phosphoric acid (H2PO4) to form HPO4 2-  or PO4 3 - . The predominance of one or another of these forms of Hydrogen in solution depends largely on pH level. According to literature most of the phosphorus absorbed by plants is in the monovalent ortho-phosphorus (H2PO4 1- ). Some HPO42- may be used, or even required by some plants, but H2PO4 1- is the one most readily absorbed by plants. The concentration of the HPO4 2- ion increases at high pH value because it becomes the dominant ion in solution above pH 7.2. The PO43- ion occurs at pH value too high for it to be significant in plant nutrition. 

The overall available phosphorus content in the soil profile of the study ranges from14.02 to 38.85 mg/kg with an average value of 26.44 mg/kg, which indicates that P content is high.  Hence there might not be a need for application of Phosphorus fertilizer under proposed irrigation area currently.

5.9 Cation Exchange Capacity (CEC)
Cation Exchange Capacity (CEC) is the ability of the soil to hold onto nutrients and prevent them from leaching beyond the roots. The more cation exchange capacity a soil has, the more likely the soil will have a higher fertility level. When combined with other measures of soil fertility, CEC is a good indicator of soil quality and productivity. The cation exchange capacity of a soil is simply a measure of the quantity of sites on soil surfaces that can retain positively charged ions by electrostatic forces. Cations retained electrostatically are easily exchangeable with other cations in the soil solution and are thus readily available for plant uptake. Thus, CEC is important for maintaining adequate quantities of plant available calcium (Ca++), magnesium (Mg++) and potassium (K+) in soils. The CEC value is obtained by using ammonium acetate method at pH value 7 and is expressed in milli-equivalents per 100 grams (meq/100g) of soil. CEC values that fall below 15 meq/ 100g are low; poor in organic matter may have high leaching problems because of poor capacity to retain cations, and they may require careful management of the fertilization process. The CEC value between 15 and 25 meq/100g soil considered as medium level and the value ranges from 25 to 40 meq/100 g soil categorized as high level 
Regarding to Sota project area, the CEC values varies from 45.49 to 49.14 meq/100g soil.  Therefore, the CEC value of the studied area falls into high level, which means that the mineral soils have a high plant nutrient storage and water holding capacity. The CEC can also prevent the soil nutrient from leaching beyond the roots.
5.10 Percentage Base Saturation (PBS)

Percentage Base Saturation (B.S.) refers to the number of basic cations that are held on the soil exchange (CEC sites) in comparison to the total number of sites. The value of the Percentage Base saturation (PBS) is obtained by dividing the sum of exchangeable cations by Cation Exchange Capacity and is expressed in percentage.  PBS value of 50% or above are referred to as “Eutric” and classified as high, while values below 50% are referred as Dystric low.

The PBS value of the soils is found to be high; varying from 68 to 134%, indicating that the soil fertility status is high and can be referred as Eutric class. The PBS value exceeding 100% in the study indicates inflated conditions. It could be under estimated CECs of the soils are calcareous. Calcareous soils present a problem with ammonium acetate method as a consequence of the solubility of CaCO3 in the ammonium acetate solution giving lower value of CEC. This is because the dissolved Ca present in theNH4OAC solution prevents complete saturation of exchange positions with ammonium.
5.11 Exchangeable Cations 

The level of the exchangeable cations in soil indicates the existing nutrient status and can be used to assess balance among the cations.  Many effects on soil structure and nutrient uptake by crops are influenced by the relative concentration of cations as well as by their absolute levels.  Sodium, potassium and calcium ions were determined by flame emission spectrophotometer, while magnesium ions were measured by calorimetricates.

5.11.1 Exchangeable Sodium 
The exchangeable sodium content is at low rate, which is varying from 1.74 to 1.82 meq/100g soil and would not cause any adverse effect on soil property.

5.11.2 Exchangeable Potassium 
Potassium has a counter balancing effect on the result of nitrogen excess. It enhances the synthesis and translocation of carbohydrates, thereby encouraging cell wall thickness and stalk strength. The potassium status of the soils in irrigation project low and the value varies from 0.14 meq/100g soil 0.2 meq/100g soil, with an average value of 0.17 meq/100g soil.
5.11.3  Exchangeable Calcium (Ca2+)
Calcium is an essential element for the growth and functioning of root tips. It helps movement of carbohydrates from one part of the plant to the other and for helping to regulate sap acidity. According to the analytical results, the exchangeable calcium content is high level (28.49 – 31.70 meq/100 g soil) with an average value of 30.1 meq/100 g soil. 

5.11.4 Exchangeable Magnesium (Mg2+) 
Magnesium is a constituent of chlorophyll. It is with other nutrient elements, a deficiency of magnesium results in characteristic discoloration of leaves.   The soils of the surveyed area have very high magnesium content (9.66 - 10.69 meq/100g). 

5.12 Cationic Ratios

Imbalance in the relative proportions of cations in soil can cause serious plant nutrition problems. In addition, imbalance may have adverse effects on soil physical conditions.
5.12.1 Potassium to Magnesium Ratio (K: Mg)  

If the ratio of potassium to magnesium is more than 2:1, magnesium up take may be inhibited.  The ratios of K and Mg on top soil as recorded for the project area range from 0.01 to 0.05, which indicates that the result is at recommended level especially for vegetables.

5.12.2 Calcium to Magnesium Ratio (Ca: Mg)

The ratio of calcium and magnesium indicate if there are imbalances between calcium and magnesium nutrients. The minimum ratio of calcium to magnesium (Ca: Mg) in soils of the Sota project area is 1:1 and it is the lowest acceptable limit: Ca availability slightly reduced.  While the maximum value is 2.8:1 and it is an optimum range for most crops. 

6 SOILS CLASSIFICATION
6.1 Soils Genesis

The types of soils, which are developed in the study area is largely controlled by five major factors, including climate, living organisms, parent material, topography and time. These soils forming factors are also the cause of soil forming processes. The following processes are which are considered to be dominant in the surveyed area. Weathering is basically a combination of destruction and synthesis. Rocks are first broken down into smaller rocks and then into the individual minerals of which they are composed. Simultaneously, rocks fragments and the minerals therein are attacked by weathering forces and are changed to new minor modification or by complete chemical changes. As weathering is common in tropical area it goes smoothly in Sota command area. Because of the high temperature and rainfall weathering process is relatively rapid. The weathering products vary from sandy loam to clay for the studied soils.
Ferrugination releases of iron by weathering and dispersion of particles of iron oxide in increasing amounts, their progressive oxidation, giving the soil mass brownish, reddish brown and red colors respectively. In the project all the soils with good drainage have dark reddish brown color because of Ferrugination.

6.2 Soil Classification System

The soil classification was carried out according to the World Reference Base for Soils Resources (FAO, 2006). Based on field morphological observation and laboratory analytical data the soils of area soils of the area have been classified on hierarchical system, with increasing specific criteria used to differentiate soils up to the lowest level of the system.  The classification has three levels. At first level the classification is based on the recognition of diagnostic horizon, the second level on diagnostic properties and the third level is subdivided on the basis of diagnostic materials. Soil classification of the project area is based on field morphological characteristics, which were observed and measured or inferred from field observations. In addition to the morphological properties, physical and chemical properties of the soils such as textural class, and content of free carbonate were used to define the soil classes.

Soils were further subdivided based on soil phases, which indicate surface and subsurface features of land that have an impact on soil management and agricultural use. The physiographic position, drainage characteristics of the soil, soil depth and textural classes were also important to the soil classification in the area. Accordingly, the soils of Sota small scale Irrigation Project broadly fall into two major soil units, Eutric Nitisols and Vertic Luvisols.
Nitisols: According to World Reference Base for Soil Resources 2006 soil classification Nitisols are soils having an argillic B horizon with diffuse horizon boundaries and subsurface horizon with more than 30% clay and moderate to strong angular blocky structure. Nitisols are soils, which have B horizon with shiny pedefaces and The change in clay content with the overlying and underlying horizons is gradual and their hues is 2.5YR and value (moist) less than 4. In this case the soil color is dusky red (2.5YR3/2) to dark reddish brown (2.5YR3/3). The ratio of silt to clay is less than 0.4. The clay content of top soil is varied from 70.04 to 72.55% with an average of 71.3% while the clay subsoil is greater and ranging from 71.8 to 79.8% with an average of 75.2%.

The minimum pH value is 5.77 and the maximum is 6.29 with an average value of 6. As a result the soil reaction is acid. The organic matter is ranging from 0.47 to 3.52 % with an average of 1.83%, indicating that it is at low level. The TNT is at low level and varied from 0.04 to 0.19 with an average of 0.11%. The average proportion of organic carbon to total nitrogen (C/N) is 8. 

LUVISOLS :  Luvisols are soils that have a higher clay content in the subsoil than in the topsoil as a result of pedogenetic processes (especially clay migration) leading to an argic subsoil horizon. These soils are characterized by well drainage, many fine and medium pores with faint cutanic features on the 'B' horizon. The color of the soil is strong brown (7.5YR 4/6) to reddish brown (5YR4/3). The clay content of top soil is varied from 50.91 to 51.88 with an average value of 51.39% while in sub soil the clay content is increasing and its value varied from 54 to 56% with an average of 55%. The soils have moderate level of organic carbon, which varies from 0.47 to 3.52% with an average of 1.83%. The bulk density of the Luvisols of the project area is ranging from 1.37 to 1.47 with an average value of 1.42 g/cm3.The soil reaction is acidic (pH=5.77 to 6.29).
7 SOIL MAPPING UNITS

The land units were determined based on landforms and their associated soils. Land units derived from the overlay of maps if individual land characteristics. The soils are categorized into 5 soil mapping units by using the following differentiating criteria:

· Soil class

· Erosion hazard

· Stoniness

The map legend has been prepared based on the data obtained from field survey and laboratory analysis. 

7.1 Legend Formation

The legend of the soil mapping units was structured in three levels of generalization in hierarchical order, namely geomorphic units (land form) - level 1; soil units - level 2, and phases (erosion) - level 3. The mapping unit symbols representing the three elements were designated by upper and lower case letters as follows:

· First upper case letter showing the first level of generalization (geomorphic units)

· Second (Arabic number showing the second level of generalization (Slope class)

· Third Arabic number showing the second level of generalization (soil units).
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7.2  Description of Soil Mapping Units

In this section the description of each soil mapping units and their extent and distribution have been discussed below. 

The soils are reclassified into three soil mapping units based on slope, namely Soil Mapping Unit-1, Soil Mapping Unit-2 and Soil Mapping Unit-3.

Soil Mapping Unit-1: This mapping unit refers to Vertic Luvisols and developed on flat land within the slope ranging between 0 and 2%. It is subjected to alluvial processes. The total extent of the unit is 12.3 ha (25.1%). The soils are very deep (>150 cm), imperfectly drained, very dark brown (10YR 2/2).  The surface soil is clay in texture, in the sub soil is also clay.  The silt content is varying from 18 to 27%. The Clay is ranging from 53.4 to 42.1% and the sand fraction is between 29 and 31%. Consistence is very friable when moist and very sticky and very plastic when wet. Surface soils have moderate granular structure, while subsurface soils have moderate medium sub angular structure. The overall bulk density is between 1.19 and 1.16 g/cm3. Hence, soil compaction would be a constraint for the land unit. 

The pH value is between 4.9 and 5.2, showing that the soil reaction is slightly to moderately acidic. The soils have low organic carbon content, (1.0%) and decreased in subsoil. The content of total Nitrogen is also medium, (0.2%) and decreased with depth. The proportion of carbon and total nitrogen is 5, showing it is poor. The available phosphorus is very low with value of 26.44mg/kg, indicating that the soil response to use of fertilizer is very high. The cation exchange capacity (CEC) is at high level with value rating of 32.3meq/100g soil.  The base saturation percentage is high (90%). The soils can be referred as Eutric class. The exchangeable sodium very is very low (1.76 meq/100 g soil). In this case sodium might not cause any hazardous effect on soil property.  The value of exchangeable potassium is intermediate with value of 0.17 meq/100g of soil. The value of calcium and magnesium of this unit is high level and their value is 30.1 and 10.0meq/100 g soil, respectively.  . 

Generally, the fertility status of this mapping unit is low to medium and requires proper application of inorganic and organic fertilizers to improve and to maintain the soil fertility.

Soil Mapping Unit-2: This mapping unit refers to Eutric Nitisols developed on very gently undulating land with the slope ranging between 2 and 6%. It is subjected to alluvial and colluvial processes. The total extent of the unit is 87 ha (40%). The soils are very deep (>150 cm), well drained, reddish brown (5YR 4/4).  The surface soil is clay loam in texture, while the sub soils fall in clay textural classes. The silt content is varying from 25 to 37%. The Clay is ranging from 43 to 68% and the sand fraction is between 13 and 19%.  Moderate fine and medium angular blocky structure; hard when dry; firm when moist, sticky and plastic when wet with common termite channels. The bulk density is between 1.23 and 1.29 g/cm3. Hence, soil compaction would not be any constraint. Common termite mounds have been noted on surface. The land cover type is residential and sparsely cultivation. The farming system mixed rainfed arable cultivation. 
The pH value of the topsoil is 4.8, showing that the soil reaction is high acidic. The soils moderately low organic carbon and its value is 1.8%. The content of total nitrogen is also low (0.2%). The proportion of organic carbon and total nitrogen is 1.0, showing the organic matter quality is low. The available phosphorus is high (26.44 mg/kg), indicating that the soil may not needs phosphorus fertilizer currently. The cation exchange capacity (CEC) is high with a value of 49.14 meq/100 g soil which is satisfactory for agriculture with fertilizer application.  The base saturation percentage is very high (134%). The soil is non saline with value of EC 0.03 mS/cm. The soils are non sodic with value of ESP less than 3.84%. The soils are also calcareous. The exchangeable sodium is 1.82meq/100 kg soil. In this case sodium might not cause any hazardous effect on soil property.  The value of exchangeable of potassium is 0.17 meq/100 g soil, showing that potassium is in low category. The value of calcium of this unit is at high level and its value is 30.1 meq/100 g soils. The Mg is at very high level (10.69 meq/100 g soil).  

The fertility status of Soil Mapping Unit-2 is medium and requires additional application of inorganic and organic fertilizers to improve and to maintain the soil fertility.

Soil Mapping Unit-3: The area which is occupied by sloppy land within the slope range 8 -16%. The land unit covers some 8.4 ha (about 23% of the total command area).

Table 7 - 1
Physical and Chemical Characteristics of Soil Mapping Units of   Small Scale Irrigation Project

	Soil mapping Unit
	Area (Ha)
	Area (%)
	Eff depth (cm)
	Texture Class
	Drainage Class
	pH
	OC(%)
	N (%)
	P (mg/kg)
	CEC meq/100g soil
	BSP (%)
	ESP(%)
	BD gm/cm3
	AWC (mm/m)
	Stoniness
	Slope (%)

	Soil Mapping Unit-1
	12.3
	24.6
	200
	C
	IM
	4.9
	1.0
	0.2
	26.44
	32.2
	90
	 Low
	1.19
	218
	 non
	0-2

	Soil Mapping Unit-2
	15.2
	30.3
	200
	CL/C
	M
	4.8
	1.8
	0.2
	40.48
	49.14
	134
	 low
	1.23
	 190
	 non
	2-6

	Soil Mapping Unit-3
	15.1
	30.1
	100
	CL/C
	M
	
	
	
	
	
	
	
	
	
	
	6-8

	 Hills
	7.5
	15
	 <50
	 CL
	 R
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	>8
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Figure 3: Soil Mapping Units of Sota Small Scale Irrigation Project
8 LAND SUITABILITY EVALUATION

8.1 General

Land evaluation and associated investigation should be central to any development activity (Ongaro, 1998) and any development should take into account the concept of sustainability. 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 land evaluation is generally presented in the form of land suitability classes. 

8.2 Land Suitability Classes


According to the FAO framework for land evaluation the land suitability is assessed at four levels namely: Orders, Classes, Subclasses and Units. There are two orders (S and N) which reflect the kind of suitability (S for suitable and N for unsuitable land).  

· Order "S" -Suitable land

· Order "N"-Unsuitable land

Land Suitability Classes: The framework at its origin permits complete freedom in determining the number of classes within each order. However, it has been recommended to use only 3 classes within order S and 2 classes within order N. The classes are indicated by Arabic Numbers in sequence of decreasing suitability within the order and therefore reflect degrees of suitability within the orders.

Examples:

S1: Suitable

S2: Moderately suitable

S3: Marginally suitable

N1: Actually unsuitable but potentially suitable

N2: Actually and potentially unsuitable

Land Suitability Subclasses: The sub classes reflect kinds of limitations or main kinds of improvement measures required within classes. Land suitability subclasses are designated with a suffix.  Suffixes used are indicated in the symbol using lower case letters.

· c -
Climatic conditions

· t -
Topographic limitations

· w -
Workability

· f -       Soil fertility limitations not readily to be corrected

· d  -
Limitation due to drainage

· r  -
Limitation in rooting depth

· v  -
Limitation due vegetation cover

· m  -
Limitation due to uneven surface
Land suitability units: This grouping is used to identify land development units having minor differences in management requirements. This can indicate the relative importance of land development works. It is indicated by Arabic Numerals, enclosed in parenthesis, following the subclass symbol.
8.3 Land Suitability Evaluation Procedure

The study used the FAO framework for land suitability evaluation.  The following stepwise approach has been applied to:

· Define of the result LUTs in the area:

· Determine  those land qualities, which have direct influence on the production of the LUT,

· Rate  these land qualities by means of a single or a set of land characteristics

· Matching the land use to each at current land suitability classification. 

8.3.1 Determination of Land Utilization Types (LUT)

The main objective of this land evaluation study is to select optimum land use type for each land units identified in the study area. Land evaluation defines the suitability of a specific area of land (land unit) for specific LUT under stated system of management and input level. 

The existing major land utilization type in the survey area is small-scale rain fed agriculture, mixed farming with low-level technical knowledge and land fragments. Peasants of the surveyed area grow mostly annual crops such as maize.

Therefore, the LUTs to be selected for land evaluation of the area must help to minimize the above mentioned constraints. They should create more employment, be market oriented, provide subsistence food and cash income for the local population and create a chance to grow 2-3 crops annually on a small fraction of land holdings thus increasing the cropping intensity to 200-300%. Based on these considerations, surface irrigation has been selected as major land use. Under surface irrigation the study identified and defined a number of land utilization types (LUTs) in terms of their produce.

The definitions of the land utilization types specified in Sota area thus refer strictly to    factors which relate to the biophysical suitability of the land use and which are assumed not to change significantly with changes in land systems that can realistically be expected in the future.  Examples of such “stable” factors are plot size and shape, capital intensity, and the level of mechanization.  Other factors, such as the use of improved seeds, fertilizers and degree of market orientation may change over a relatively short period of time, because of changes in the local production environment (e.g. due to the construction of feeder road, subsidizing of inputs).  These factors will affect the economic suitability of the land, but within the parameters defined above, will not change the biophysical suitability of the land for that particular land use, significantly.

The choice of appropriate LUTS were done by considering the physical conditions such as climatic, soil and topography, socio-economic condition (eg food crop demand of local community) in the study area, government policy, available agronomic information and market availability. The government of Ethiopia pays attention for the development of agricultural sector to improve food-self sufficiency and endure food security at household level and to develop an agricultural based industrial development in the long run. It has also a concern for farmers to produce cash crop as a strategy in meeting household economic security.

The evaluation has been carried out assuming moderately to high inputs management levels, moderate to high capital investment and high labor intensity. Thus, the LUTs can be defined, as medium to high input level of fertilizer and herbicide, moderate capital investment, medium to high labor intensity, 100% private property, with moderate and high management level by using surface irrigation and improved agronomic cultural practices, for local consumption and with commercial market orientation. Thus, Thus, Maize, Wheat, Haricot, bean, Niger Seed, Linseed, Red pepper, Potato, Mango and Coffee were selected as land utilization types to be evaluated under methods for smallholder farms with medium to high management input levels.
8.3.2 Determinations of the Land Utilization Requirements 

Land Utilization Types (LUTs) are characterized by the sort of land use requirements (LURs), which are the conditions of land necessary for successful and sustained LUT. Land use requirements take into account the range of physical, chemical and climatic characteristics of the Project area, as well as descriptions of land unit maps showings the description of the various land units and land characteristic values obtained from the results of a land resources survey. 

A crop requirement depends on the land characteristics and qualities that would be required to reach acceptable crop yields. Land use requirements also include a set of limiting values.  These define the degree of limitation of a specific value of a land quality or characteristic that may have an adverse effect on sustainable production. Land use requirements may include crop requirements, management requirements and conservation requirements (FAO, 1983).  The land use requirements are described by the land characteristics grouped to land qualities needed for the required sustained irrigated agriculture production for the LUTs considered, as described below.  Consequently, the environmental requirements of all the selected crops grown in the project command area are presented as it appears in Sys. etal (1993) land evaluation (part iii), S.R.REDDY (2004) and other references as follows in Table 8.4 & 8.5:

Table 8 - 1
Land Uses Requirement and Land Quality Criteria for Surface Irrigation
	Land Quality
	Unit
	Suitability Classes

	
	
	S1
	S2
	S3
	N1
	N2

	Slopes
	%
	0-2
	2 - 4
	4 -8
	8 - 16
	>16

	Drainage
	
	Well
	Moderately well
	Imperfect
	Excessive, poor
	V. poor, Exessive

	Depth
	cm
	>120
	90-120
	60-90
	30-60
	<30

	Soil texture
	
	Silty loam & clay Loam
	Clay, sandy clay loam
	Loamy sand, heavy clay
	
	

	Salinity
	Ms/cm
	<2
	2-8
	8-12
	12-16
	>16

	CEC
	Meq/100g
	>40
	40-20
	20-10
	<10
	

	OM
	
	>5
	2--5
	1-2
	<1
	

	N
	
	>0.5
	0.2-0.5
	0.1-0.2
	
	<0.1

	P
	ppm
	>15
	5-15
	<5
	
	<2

	C/N
	
	10-12
	6-10
	<6
	<6
	

	PH
	
	6.7 - 7.3
	5.5-6.7 or 7.3-8.0
	45.5-5.5 or 8.0-9.0
	 <4.5 or >9.0
	<4.5 or >9.0

	Structure
	
	SAB
	SAB
	Platy
	Massive
	

	Consistence
	
	Slightly sticky, S1.p1
	Sticky, plastic
	Very st.

Very p1
	Very st. very p1.
	

	Erosion status
	
	None
	Medium/slight
	Severe
	Very severe
	

	Flooding
	months
	0
	<1
	1-3
	>3
	

	Stoniness
	%
	<2
	2-5
	5-20
	20-40
	>40

	Vegetation
	No clearing requirement
	Scattered
	Frequent
	Forest 
	Dense forest
	Dense forest

	Micro relief 
	
	Even
	Slight
	Uneven
	
	Broken

	Water logging 
	
	None
	Rarely
	Frequent
	Frequent
	


Table 8 - 2
Requirements for Selected LUTs (crops)

	Soil Characteristics
	Units
	Maize
	Wheat 
	Haricot bean 
	Niger Seed 
	Linseed 
	Potato 
	Red pepper 
	Coffee 
	Mango 

	
	
	
	
	
	
	
	
	
	
	

	Temp
	0C
	18-32
	12- 38
	24 - 27
	24 - 27
	24 - 27
	15 - 27
	24 - 27
	19-26
	22 - 28

	Rel.  Hum
	%
	36-65
	24-80
	>75
	>75
	>75
	24 - 80
	>75
	55-80
	36-80 

	Elevation
	masl
	
	
	
	
	
	
	
	 
	 

	Slope
	%
	0 - 4
	0-4
	0 - 16
	0 - 16
	0 - 16
	0 - 16
	0 - 16
	0-16
	0-16

	Drainage
	 
	Good to Im
	Well
	Well
	Well
	IM
	IM
	Well
	Mod.
	;O

	Depth
	CM
	>100
	> 100
	>100
	>100
	>100
	60-90
	>100
	120-180
	150

	Texture
	 
	Clay to sand
	C, CL, SiCL
	L,SL, SiC CL, C, , 
	L,SL, SiC CL, C, , 
	L,SL, SiC CL, C, , 
	L, SCL LS, LfS 
	L,SL, SiC CL, C, , 
	CL,  SCL, 
	L, SiL, fS, LcS, SiCL

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	pH
	 
	5.8-7.8
	6.0- 8.2
	6 - 7.
	6 - 7.
	6 - 7.
	5-7
	6 - 7.
	5-6
	5.5 – 7.8

	Stoniness
	%
	none-few
	none-few
	none-few
	none-few
	none-few
	None-few
	none-few
	None - few
	none-common

	Salinity
	ds/cm
	<4
	<2
	<2 
	<2 
	<2 
	< 6
	<2 
	< 2
	< 6

	CEC
	meg/100g Soil
	>16
	>16
	> 16
	> 16
	> 16
	>16
	> 16
	>16
	> 10

	Organic Carbon
	%
	> 0.8
	> 1.5
	> 1.2
	> 1.2
	> 1.2
	> 0.8
	> 1.2
	> 0.8
	> 0.8

	CaCO3
	%
	<15
	 < 30
	
	
	
	< 15
	
	<25
	< 10

	ESP
	%
	<15
	< 20
	<20
	< 4
	< 4
	< 35
	<20
	< 35
	< 20


**

8.3.3 Land Mapping Units

The third main activity in land evaluation procedures for irrigation is the description of soil mapping unit and derivation of land qualities. Land mapping units are areas with land qualities that differ sufficiently from other land units to affect their suitability for different land uses. Land units are areas of land with specific characteristics. They are normally represented within a boundary on a map in order to create a visual geographical framework.

The core land resources data of paramount importance for land evaluation are soils, climate, present land use and land cover. The purpose of identifying land units is to provide a mapped basis of relatively homogeneous areas (land unit map) to be used as building blocks for land evaluation. Land units are described in terms of their characteristics and qualities. 

Land units are described by their main characteristics, which are the properties of the land that can be measured or estimated. In this study the main land characteristics considered, are slope and soil drainage classes and soil depth. The costs of necessary land improvement have to be estimated in detailed study to predict the economic and environment consequences of development. Based on land characteristics 3 land mapping units have been identified. The summary of land characteristics of the soil mapping units are presented in Table 8 - 6. 

Table 8 - 3
Soil Characteristics of the Soil Mapping Units

	Land Quality
	Units
	Mapping Units

	
	
	SMU-1
	SMU-2
	SMU-3

	Slope
	%
	0-2
	2-8
	>8

	Drainage
	
	Imperfect
	Moderate
	Ex

	Depth
	cm
	200
	200
	150

	Texture
	
	Clay Loam
	 Clay/Clay loam
	 Clay 

	Stoniness
	%
	Nil
	Nil
	Nil

	Salinity
	dS/cm
	Negligible
	Negligible
	

	CEC
	Meq/g
	54.14
	48.874
	

	O.C
	%
	2.48
	2.25
	

	PH
	
	4.8
	3.96
	

	Erosion Status
	
	None
	None 
	Sensitive

	ESP
	%
	Negligible
	Negligible
	Negligible

	Workability
	
	Good
	Good
	difficult


8.3.4 Matching Land Use with Land

The land evaluation is realized by comparing the land characteristics (or qualities) with the requirements of the land utilization type. Matching of land use with the land units have been carried out once the land resources or soils have been mapped. 
8.3.5 7.3.5 Assessing the Land Suitability Class

Ratings can be assigned to each of the selected land characteristics by consulting the requirements tables. Some of the land characteristics or land qualities used in the evaluation can be corrected or improved through correct management. As such, the FAO makes the distinction between the actual and the potential suitability.
Actual Land suitability for surface irrigation: The actual or current suitability refers to the suitability of the land in its present condition, under the proposed land use and land management specified in the description of the land utilization type is shown on Table 8.7 and Table 8.8).
Table 8 - 4
Matching Process for Surface Irrigation

	Land Quality
	 
	Mapping Units

	
	Units
	SMU-1
	SMU-2
	SMU-3
	Hill

	Slope
	%
	S1
	S2
	N1
	 

	Drainage
	 
	S2
	S1
	S1
	 

	Depth
	Cm
	S1
	S1
	S2
	 

	Texture
	 
	S1
	S1
	S1
	 

	Stoniness
	%
	S1
	S1
	S1
	 

	Salinity
	dS/cm
	S1
	S1
	S1
	 

	CEC
	Meq/g
	S1
	S1
	
	 

	O.C
	%
	S2
	S2
	
	 

	PH
	 
	S2
	S2
	
	 

	Erosion Status
	 
	S1
	S1
	S3
	 

	ESP
	%
	S1
	S1
	S1
	 

	Workability
	 
	S2
	S1
	S3
	 

	Currently Suitability
	 
	S2
	S1
	S3
	

	Potential Suitability
	 
	S1
	S1
	S2
	 


Actual Land suitability assessment for Selected Crops

Land suitability assessment for agriculture is meant to evaluate the ability of a piece of land to provide the optimal ecological requirements of selected crops in other words, assessing the capability of land in enabling optimum crop development and maximum productivity. This evaluation needs a specification of the respective crop requirements and calibrating them with the terrain and soil parameters.

SMU-1: This mapping unit covers 15.2 ha of the area and constitutes 30.3% out of the total area. It is moderately suitable for surface irrigation of Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S3w/d) due to poor drainage and soil workability. This land unit is found to be highly suitable (S1) for Maize and Wheat. However, it is possible to upgrade by constructing appropriate drainage system to highly suitable for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S1) and moderately suitable for Mango and Coffee (S2d). 

SMU-2: The extent of this mapping unit is 12.3 ha of the area and constitutes 24.6% out of the total area. It is high suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and coffee and marginally suitable for  Haricot bean and Potato. However, it is possible to upgrade by using improved irrigation system to highly suitable for Haricot bean and Potato by proper irrigation management.

SMU-3 can be used for rainfed irrigation especially for plantation of perennial crops.
Table 8 - 5
Actual  Suitability
	Soil mapping Unit

 
	Area (Ha)
	Land Utilization Types (Crop Types)

	
	Ha
	%
	Maize
	Wheat
	Haricot bean
	Niger Seed
	Linseed
	Red pepper
	Potato
	Mango
	coffee

	SMU -1
	15.2
	30.3
	S1
	S2
	S1
	S1
	S1
	S1
	S1
	S3
	S2

	SMU -2
	12.3
	24.6
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1

	SMU -3
	15.1
	30.1
	N1
	N1
	N1
	N1
	N1
	N1
	N1
	S2
	S2

	 Hills
	7.5
	15.0
	 
	 
	 
	 
	 
	 
	 
	 
	 


Summary of Actual Land Suitability of Sota Small Scale Small Irrigation Project
The present study has shown that the total available suitable land (S1, S2, S3, N1 & N2) for surface irrigated agriculture of the 9 crops is 50.1 hectares. Out of the project area 12.3 ha (24.6%) was found to be highly suitable (S1) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and Coffee, and 12.3ha is S2w/d due to poor drainage and soil workability that is for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S2w/d). 15.2ha (30.3%) is found to be moderately suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper (S3t/m) due to steep slope and  uneven surface. 15.1ha(30.1%) marginally suitable (S3) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but suitable for Mango and Coffee. Furthermore, 3.3ha land is currently unsuitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but marginally suitable for Mango and Coffee and permanently unsuitable for the rest of selected crops because of steep slope. However, the hillside sloppy area can be used for rainfed agriculture for fruit plantation and afforesting.  

Table 8 - 6
Summary of Land Suitability of Sota Small Scale Irrigation Project

	 
	Suitability Class

	 LUTs
	S1 
	S2
	S3
	Sub Total (Ha)
	N1 (Ha)
	N2
	Sub Total
	Grand Total

	
	(Ha)
	(Ha)
	(Ha)
	
	
	(Ha)
	(Ha)
	(Ha)

	Maize
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Wheat 
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Haricot bean
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Niger Seed
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Linseed
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Red pepper
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Potato
	12.3
	15.2
	15.1
	42.6
	3.3
	4.2
	7.5
	50.1

	Mango 
	 
	27.5
	15.1
	42.6
	7.5
	 
	7.5
	50.1

	Coffee
	 
	27.5
	15.1
	42.6
	7.5
	 
	7.5
	50.1


Potential Suitability: Suitability of the land after the realization of (additional) land improvements is referred to as the potential land suitability
Table 8 - 4
Potential Suitability

	Soil mapping Unit
	Area (Ha)
	Land Utilization Types (Crop Types)

	 
	Ha
	%
	Maize
	Wheat
	Haricot bean
	Niger Seed
	Linseed
	Red pepper
	Potato
	Mango
	coffee

	SMU -1
	15.2
	30.3
	S1
	S2
	S1
	S1
	S1
	S1
	S1
	S3
	S2

	SMU -2
	12.3
	24.6
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1
	S1

	SMU -3
	15.1
	30.1
	N1
	N1
	N1
	N1
	N1
	N1
	N1
	S2
	S2

	 Hills
	7.5
	15.0
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Figure 4:  Land Suitability for Surface Irrigation map of Sota Small Scale Irrigation Project

9 
SOILS AND LAND MANAGEMENT UNDER IRRIGATION

9.1 General

The serious limitations of soils of the study area are low soil nutrient availability, steep slope, drainage, erosion hazard and uneven surfaces. The main soil and land management requirements are briefly described below.

Soil fertility refers to the inherent ability of soils to provide sufficiently and right quantity vital nutrient to plant for their most favorable growth and it is one of the key components to determine productivity. Nitrogen is only second to water affecting the yields of most of the crops. Interaction between nitrogen and irrigation water has a significant effect on crop yields. 

Soil nutrient status of the project site is generally low to high. The content of organic carbon of the area is low to very high, ranging from 0.52 % to 2.99 %. The soils have very high CEC (45.49 to 49.14 meq/100g soil). The soil reaction of the study soils depicts moderately to acidic reaction, with pH varying from 4.9 to 5.16 with an average of 5.03, indicating that the soil reaction is at acidic level for many crops. The availability of P is low to medium level varied from 14.02 to 38.8 mg P2O5/kg soil with an average value of 26.44 mg P2O5/kg.  Hence there might not be a need for application of Phosphorus fertilizer under proposed irrigation area currently. The total nitrogen of the studied area rated as low (with an average of 0.2%). Therefore, the soils needed application of nitrogen fertilizer. Exchangeable K is low, which ranged from 0.14 meq/100g soil 0.2 meq/100 g soils, with an average value of 0.17 meq/100g soil. Then, the crop expected response for potassium is likely. 

The exchangeable Ca2+  and Mg 2+varied from 28.49 – 31.70 meq/100 g soil with an average value of 30.1 meq/100 g soil, these nutrients classified as high category.

As mentioned above the soil test result of the present work has been indicated that total nitrogen, is below critical point, hence the soil needs supplementary application of fertilizer to fulfill the deficit of these elements is mandatory. Fertilizer recommendation based on the actual soil test would be guesswork. Therefore, the present soil test result has to be supported by field trial experiments for calibration by agricultural researchers and adaptation trials on farmers plot. The soil tests should be calibrated by correlating them with the yield results of field experiment.  The continuous filed experiment in specific area provides basis for fertilizer recommendation. However, it is possible to suggest the following fertilizer rate for the following crops based on different National Agricultural Research Institutes’ results for some crops in the project area: 

· For groundnut: although it can fix atmospheric N, as a starter dose 20-25kg N/ha is required, P2O5 - 50-60kg/ha should also be given at sowing. The fertilizer should be applied 4-5 cm below the seed. Also apply Calcium 125 kg/ha as basal dressing to supply ca for proper development of pods and kernel.  However, the investigation conducted Meleka Werer research center depicted that applying or not applying fertilizer on groundnut does not show any response.

· Regarding to pulse crops, as far as pulse crops have ability to fix nitrogen they do not require application of nitrogen fertilizer. But, they require 100 kg DAP per hectare.

·  Concerning oil crops particularly for sesame, as some research works conducted in Amhara and Benishangul Gumuz in Metekel zone illustrated that sesame is needed 100 kg DAP per hectares of land.

· For some vegetables like onion requires 300 kg /ha and for tomato 150 kg Urea or 80-160 ton organic (dung).

· For maize on Nitisols is recommended 200 kg/ha of Urea and 100 kg/ha o DAP and On Luvisols 200 kg/ha Urea and 250 g DAP.
Supplying of optimum quantities of nutrient N, P and K with farm yard manure have beneficial effects on the physical and biological situations of the soils.  In order to manage & maintain soil fertility in the project area organic manure and inorganic fertilizers should be utilized together. The application of nitrite containing fertilizers for crops grown under surface irrigated agriculture and water-logged soils, resulted in a considerable amount loss of N due to its denitrification.  Therefore nitrogen fertilizers must be given split application depending on the critical growth stage of the crop. Application of green-manure increases utilization of phosphorus by the crop not from the added fertilizers but also from the reserve supplies of soil phosphorus.  

Moreover, to maintain organic carbon, mulching of crop residues after harvesting should be practiced with application of manure and compost.  The use of plant species that are capable of fixing atmospheric nitrogen can improve soil fertility and reduce dependency on chemical fertilizer. In addition improved agriculture practices such as crop rotation, alley cropping and the use of green manure provide accessory nutrient pool for plant growth.  The application of organic matter also improves the CEC of the soil. Crop rotation is recommended, as it is essential for improving soil productivity.  An alternate appropriate crop in accordance with a pre-established schedule help to keep the soils in good biological condition and to control the erosion risk, increase its water holding capacity, provides to take full advantage of fertilizer, prevent the unbalanced depletion of plant nutrients and counteract development of the toxic substances, if any.  Supplying of optimum quantities of nutrient N, P and K with farm yard manure have beneficial effects on the physical and biological situations of the soils.  In order to manage & maintain soil fertility in the project area organic manure and inorganic fertilizers should be utilized together. The application of nitrite containing fertilizers for crops grown under surface irrigated agriculture and water-logged soils, resulted in a considerable amount loss of N due to its denitrification.  Therefore nitrogen fertilizers must be given split application depending on the critical growth stage of the crop. Application of green-manure increases utilization of phosphorus by the crop not from the added fertilizers but also from the reserve supplies of soil phosphorus.  

9.2 Soil Cultivation

Cultivation is done to loosen tight soil to give it a favorable soil structure for seed emergence.  At the same time, it eliminates weeds and thus it favors the growth of seedling.

As far as the soils of the lower part of Sota area is Luvisols. Therefore friable nature the soil will easy to cultivate when moist and possible to break to fine tilts.  Instead of that the soil is broken into huge clods and fine dust.  The dust will be easily taken away by wind or water.  When it rains, the dust clogs the soil pores and can form a crust and thus decreasing the infiltration rate of the soil. Luvisols when wet become very sticky and very plastic.  Thus roots cannot penetrate these layers and the infiltration rate is medium.

Therefore these soils should be cultivated when the soil moisture content is not too high or too low.  Cultivation can be done 7-14 days after heavy rain.

9.3 Soil Erosion Control

The soils of the studied area are susceptible to erosion.  It has been noted that there is moderate soil erosion occurrence in some sites of the project area.  The effect of the soil erosion is occurring mainly on slope gradient greater than 3%.  

Therefore, to alleviate the erosion risks, the soil erosion control measure should be implemented. The anti-erosion measures should include agronomic and mechanical measures. The agronomic measures comprise contour farming, mulch, zero tillage, crop rotation, strip cropping and mixed cropping. These measures should be under taken on mild slopes up to 2-4%. The mechanical measures are physical structure such as graded bunding and bench terraces. These measures should be deployed on higher slopes greater than 4% supplemented with agronomic measures the command area. On the one hand, the graded drainage furrow, while draining out excess water, can exacerbate soil erosion. On the other hand, early establishment of crop canopy in the early part of the rainy season can reduce soil erosion gully erosion is already a problem and uncoordinated drainage-water disposal from individual fields may further aggravate this problem. Agronomic measure is the provision of adequate cover in space and time.  It consists of a number of cropping practices including: crop rotations, intercropping, green manure crop, strip cropping, alley cropping and mulching etc.

Vegetation barriers like grass (veitivera zizauniodes) can also be planted on hill slopes at convenient distance and the terraces are formed gradually. Vetiver hedgerows on the contour slow down runoff and filter out moving soil material. The vegetation cover, occurring along the streams and the rivers should be maintained in order to avoid river bank erosion.  

9.4 Improve Drainage System

Luvisols with clay textured and they pose a no problem of drainage and workability due to their physiographic position, where these sols are located (level and nearly level slopes) and their inherent physical and chemical characteristics.  They have medium to low infiltration and hydraulic conductivity rates and thus due to their natural states, they are subject to water logging during most rainy season. Such conditions are mainly as a result of the damage of root caused by the reduced oxygen supply and accumulation of CO2. High moisture level reduces the uptake of the plant nutrients and denitrification also occurs rapidly in saturated soils apparently because of the consumption of nitrogen by the soil micro-organism.  

10 CONCLUSIONS AND RECOMMENDATIONS

10.1  Conclusion

Sota small-scale irrigation project area is found in Abalo Sota Kebele, Bedele district of Illu Aba Bora zone of Oromia National regional State. The Feasibility study of the project was carried out, covering 51 ha of land. The main objective of the investigation was to provide detail information on the land and/or soils of the study area, which formed a basis for confirming/rejecting the irrigation potential, crop selection, irrigation design and agricultural input requirements such as fertilizer application. The area is categorized as Woinadega agro-climatic zone.

The land form of the study area is characterized as having slopes varying from level to hilly land that fall within the slope range of 0 - 30%. However, the dominant slope is varying from 0 to 8%, covering some 45.9 ha (about 95% of the total surveyed area). The remaining area occupied by steep sloppy land and hills.

Soils of the project area are developed on colluvial and alluvial process. The soil classification of the study area has been made based on the World Reference Base for Soil (FAO, 2006). As a result of the investigation two major soil units namely: Luvisols and Nitisols were identified.  The soils of project area have been grouped into 3 soil mapping units based on land form, and slope.  

Soil nutrient status of the project site is generally low to high. The content of organic carbon of the area is very high to medium, ranging from 0.52 % to 2.99 %, indicating that the level of organic carbon is in high level at top to low %.  

The soils have very high CEC 47meq/100g soil. The soil reaction of the study soils depicts moderately acidic reaction, with pH varying from 4.9 to 5.16 with an average of 5.03, showing that the soils of the project area are acidic. 

The availability of P is low to medium level varied from 14.02 to 38.8 mg P2O5/kg soil with an average value of 26.44 mg P2O5/kg.  Hence there might not be a need for application of Phosphorus fertilizer under proposed irrigation area currently.
The total nitrogen of the studied area rated as low (with an average of 0.2%). Therefore, the soils needed application of nitrogen fertilizer. Exchangeable K is low, which ranged from 0.14 meq/100g soil 0.2 meq/100g soil, with an average value of 0.17 meq/100g soil. Then, the crop expected response for potassium is likely. 

Generally, the content of the TNT is high; however the soils are required additional nitrogen fertilizer application. 

The overall content of exchangeable Ca the in soil is high, ranging from 28.49 – 31.70 meq/100g soil with an average of 30.1 meq/100 grams of soil. Exchangeable Mg also rated as high to very high varied from 9.66 to 10.69 meq/100 g soils. The reserve of K is low, which ranged from 0.14 meq/100g soil to 0.2 meq/100g soil, with an average value of 0.17 meq/100g soil.

The present study has shown that the total available suitable land (S1, S2, S3, N1 & N2) for surface irrigated agriculture of the 9 crops is 50.1 hectares. Out of the project area 12.3 ha (24.6%) was found to be highly suitable (S1) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and Coffee, and 12.3ha is S2w/d due to poor drainage and soil workability that is for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S2w/d). 15.2ha (30.3%) is found to be moderately suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper (S3t/m) due to steep slope and  uneven surface. 15.1ha(30.1%) marginally suitable (S3) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but suitable for Mango and Coffee. Furthermore, 3.3ha land is currently unsuitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but marginally suitable for Mango and Coffee and permanently unsuitable for the rest of selected crops because of steep slope. However, the hillside sloppy area can be used for rainfed agriculture for fruit plantation and afforesting.  

 Recommendation 

For existing constraints the following measures can be suggested:

To improve the low soil fertility level, it is possible to suggest the following fertilizer rate for the following crops based on different National agricultural research institutes results for some crops: 

· For groundnut: although it can fix atmospheric N, as a starter dose 20-25kg N/ha is required, P2O5 - 50-60kg/ha should also be given at sowing. The fertilizer should be applied 4-5 cm below the seed. Also apply Calcium 125 kg/ha as basal dressing to supply ca for proper development of pods and kernel.  However, the investigation conducted Meleka Werer research center depicted that applying or not applying fertilizer on groundnut does not show any response.

· Regarding to pulse crops, as far as pulse crops have ability to fix nitrogen they do not require application of nitrogen fertilizer. But, they require 100 kg DAP per hectare.

· For some vegetables, requires 300 kg /ha and for tomato 150 kg Urea or 80-160 ton organic (dung).

· For maize on Nitisols is recommended 200 kg/ha of Urea and 100 kg/ha o DAP and On Luvisols 200 kg/ha Urea and 250 g DAP.
Generally, to improve and maintain soil fertility status of the Sota Small Scale irrigation project site the following techniques have to employed:

· Mulching of crop residues after harvesting should be practiced with application of manure and compost with inorganic fertilizers. The use of plant species that are capable of fixing atmospheric nitrogen can also improve soil fertility and reduce dependency on chemical fertilizer.

· Although, the detected erosion risks are mainly in small degree due to mild slope of the site, soil erosion control measure should be implemented.  The anti-erosion measures should include agronomic and mechanical measures.  The agronomic measures that can be adopted comprise agro forestry, mulch, zero tillage, and crop rotation, strip cropping and mixed cropping.  These measures should be undertaken on mild slopes up to 3-4%.  The mechanical measures are physical structure such as graded bunding and bench terraces.  These measures should be adopted on higher slopes greater than 5% supplemented with agronomic measures especially agro forestry.
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APPENDICES
APPENDIX 1: PROFILE PITS AND AUGER DESCRIPTION
Profile code: SotaP-1

Status: 
Pit with sample

Soil classification: Luvisols (Chromic)
Date: 
08/05/16

Author: 
Minas/ Fasil
Coordinate,
Long (N): 
927596
Land form:
Plain
Lat (E):
197099

Regional slope:
flat
Elevation: 
1870m

Slope class:
04(2%)
Map sheet No:  0836 C2 (BEDELE)

Slope form:
Uniform
Depth to bedrock:
          >200 cm

Slope aspect: 
WE-SW
Rock out crops:


None

Micro topography: level  
      Surface coarse fragments: 
None


Parent material: Alluvial/Colluvial
      Surface cracks:

None

Effective soil depth: Very Deep
Surface sealing:


None
Drainage class: Moderately well drained
Water table:


None

Drainage external: Slow
Flooding:


None

Land cover:

Disturbed high forest 
Land use:

Tree & shrub crops
Fertilizer: 

None

Erosion status:

None

Remark:

Coffee

Croton mactostrachys, Acacia abisinica, Romborca, Procarpus falcatuus, Milatia flrruginea

Water table is expected at 4m depth
0-40 cm:   
Very dark brown (7.5 YR 2.5/3) when moist, no mottle, clay texture, no rock, weekly developed fine massive structure, friable when moist, very sticky & very plastic when wet, no cutans, no nodules, few fine roots, few termite or ant cannels,  many few fine pores, non calcareous, diffused irregular boundary.

40-95cm:   
Brown (7.5 YR 4/4)  when moist, no mottle, clay texture, no rock, weekly   developed fine massive structure,  no cutans, friable when moist, very  sticky & very  plastic when wet, few red soft krotovas segregation, few fine roots, few termite or ant cannels, few fine pores, non calcareous, diffused wavy boundary. 

95-135cm: 
Brown (7.5 YR 5/6) when moist, no mottle, clay texture, no rock, moderately developed weak sub angular blocky structure, friable when moist, very sticky & very plastic when wet, common medium red & black soft ferro-manganse segregation, no roots, few fine pores, non calcareous, diffused  wavy boundary to irregular.

135-200cm: 
Brown (7.5 YR 4/2) when moist, no mottle, clay texture, no rock, moderately developed weak to medium sub angular blocky structure, friable when moist, very sticky & very plastic when wet, no cutans, common fine red and black hard ferro-manganse nodules, no roots, few fine pores, non calcareous.

AUGER DESCRIPTION

Profile code: Sota A-1

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 241213

Author:
Fasil
Coordinate,
Long (N): 926660
Land form:
Plain
Lat (E): 197977

Regional slope: Gently undulating, gently sloping 
Elevation:
1861

Slope class: Very gently sloping 
Agro-climatic zone: Weynadega
Slope form: Irregular
Depth to bedrock:
>125cm 

Slope aspect: 
SE-NW
Rock out crops:
None

Micro topography: Terraced
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
Fine

Effective soil depth: Deep
Surface sealing:
Weak

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Dense mixed high forest 

Land use: 
Perennial field cropping

Fertilizer: 
None
Erosion status:
Moderate/ sheet erosion 

Remark:  Teff

Croton mactostrachys,  Kombolcha (Or), Arba (Or).

Auger point located 50m the east of Sota River, the auger site is nearby seasonal water logged area 
0-25 cm:   
Very dark grayish brawn (10 YR 3/2) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

25-65cm:
Dark yellowish brawn (10 YR 3/4) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

65-125cm:
Dark yellowish brawn (10 YR 4/4) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

AUGER DESCRIPTION

Profile code: Sota A-2

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 08-05-16

Author:
Fasil
Coordinate,
Long (N): 926891
Land form:
Plain
Lat (E): 197881

Regional slope: Gently undulating, gently sloping 
Elevation:
1858

Slope class: Very gently sloping 
Agro-climatic zone: Woinadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
Fine

Effective soil depth: Deep
Surface sealing:
Weak

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Moderately cultivated land & Disturbed high forest 

Land use: 
Perennial field cropping

Fertilizer: None
Erosion status:
None

Remark:  Croton mactostrachys, Kombolcha (Or), Arba (Or), Eucalyptus camanduleous.

The area is flooded & water logged for 3-4 months of a year 

0-25 cm:   
Strong brown (7.5 YR 5/8) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

25-65cm:
Reddish yellow (7.5 YR 6/8) when moist, few black mottles, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

65-125cm:
Very dark brown (7.5 YR 2.5/3) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, common red soft iron segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: Sota A-3

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 08-05-16

Author:
Fasil
Coordinate,
Long (N): 927244
Land form:
Plain
Lat (E): 197301

Regional slope: Gently undulating, gently sloping 
Elevation:
1868

Slope class: Flat
 
Agro-climatic zone: Weynadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Moderately well drained 
Water table: 
None

Drainage external: 
Slow
Flooding: 

   None

Land cover:

Moderately cultivated land & Disturbed high forest
Land use:

Perennial field cropping 
Fertilizer: 

None
Erosion status:

None

Remark:   Coffee



Doddota (Or),  Kombolcha (Or), Abaya (Or), Urgesa (Or).

Forest coffee is abundant in the area.

0-30 cm:   
Brown (7.5 YR 4/4) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

30-75cm:
Reddish yellow (7.5 YR 7/6) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few fine block soft manganese segregation & few fine red iron soft segregation, no Ca CO3.

75-125cm:
Reddish yellow (7.5 YR 6/8) when moist, clay texture, very friable when moist, sticky & very plastic when wet, common red soft iron segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: Sota A-4

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 08-05-16

Author:
Fasil
Coordinate,
Long (N): 928074
Land form:
Plain
Lat (E): 196901

Regional slope: Gently undulating, gently sloping 
Elevation:
1869

Slope class: Gently undulating 
Agro-climatic zone: Weynadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
SE-NW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Imperfectly drained 
Water table: 
None

Drainage external: 
Slow
Flooding: 

   None

Land cover:

Moderately cultivated land & Disturbed high forest
Land use:

Perennial field cropping 
Fertilizer: 

None
Erosion status:

None

Remark:   Coffee

Croton mactostrachys,  Ficus sur, Acacia Abyssinica, Podocarpus falcatus,   Kombolcka (Or).

Disturbed forest and Forest coffee is abundant in the area.

0-25 cm:   
Dark brown (7.5 YR 3/3) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

25-70cm:
Strong brown (7.5 YR 4/6) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few fine red iron soft segregation, no Ca CO3.

70-125cm:
Strong brown (7.5 YR 5/8) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few fine block soft manganese segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: Sota A-5

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 08-05-16

Author:
Fasil
Coordinate,
Long (N): 927821
Land form:
Plain
Lat (E): 196908

Regional slope: Gently undulating, gently sloping 
Elevation:
1870

Slope class: flat
 
Agro-climatic zone: Weynadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Imperfectly drained 
Water table: 
None

Drainage external: 
Slow
Flooding: 

   None

Land cover:

Moderately cultivated land & Disturbed high forest
Land use:

Perennial field cropping 
Fertilizer: 

None
Erosion status:

None

Remark:   Coffee

Croton mactostrachys,  Acacia Abyssinica, Ficus sur, Kombolcka (Or), Akuku (Or) Millaetia ferrugumia.

Disturbed forest and Forest coffee is abundant in the area.

0-25 cm:   
Very dark brown (7.5 YR 2.5/3) when moist, clay loam texture, friable when moist, sticky & plastic when wet, no nodule, no Ca CO3.

25-70cm:
Strong brown (7.5 YR 4/6) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

70-125cm:
Strong brown (7.5 YR 5/8) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few fine red iron soft segregation, no Ca CO3.

AAPPENDIX 2: Soil Laboratory Analysis Results of Soryia, Sota & Doma Small Scale Irrigation Projects
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Water Works Design and Supervision Enterprise

Laboratory Service Sub Process

. Soil Fertility Section
P.O.Box 2561

Addis Ababa
Ethiopia

Client:- AWE Consultants plc

Test Method: DTPA Extraction,KH,PO, Extraction , Olsen, Kjeldahl digestion

Walklay Black , Ammonium Acetate & Instrumental

LABORATORY NUMBER 1834/08 1835/08 1848/08 1849/08 1836/08 1837/08 | 1838/08
PROFILE CODE SOTA-P1 SOTA-P1 SOTA-P1 SOTA-P1 DOMA-P1 DOMA-P1| DOMA-P2
DEPTH ( CM) 0-40 40-95 95-135 135-200 0-45 45-95 0-25
Received Date 18/05/2016 18/05/2016 | 18/05/2016 18/05/2016 18/05/2016 18/05/2016| 18/05/2016
Sand ( %) 28.84 31.32 23.33 16.52 20.15 21.80 19.36
Clay (%) 53.37 42.09 56.37 54.15 50.19 5213 56.67
Silt (%) 17.79 26.58 20.29 29.33 29.66 26.07 23.98
Texture Class clay clay clay clay clay clay clay
P'-H,0 (1:2.5) 4.90 5.16 5.10 5.03 4.75 5.35 6.65
P'-KCL (1:2.5) 3.92 4.00 3.89 4.13 4.19 4.51 6.00
EC(ms/cm) ( 1:2.5) 0.03 0.01 0.01 0.01 0.08 0.05 0.11
Exch.Na(meq/100gm of soil) 1.76 1.74 1.74 1.82 1.88 1.63 0.76
Exch.K(meqg/100 gm of soil)) 0.20 0.14 0.15 0.14 0.55 0.41 1.24
Exch.Ca(meqg/100 gm of soil) 31.70 28.97 28.49 30.29 30.55 31.08 28.58
Exch.Mg(meqg/100 gm of soil) 10.57 9.66 9.80 10.69 10.78 10.36 9.53
CEC(meq/100 gm of soil) 48.81 49.14 4549 47.45 48.35 46.93 46.12
Sum of Cations (meg/100gm of soil) 4423 40.49 40.18 4293 43.77 43.49 40.10
Organic Carbon(%) 2.99 0.58 0.54 0.52 2.49 2.23 3.04
Nitrogen (%) 0.35 0.08 0.07 0.06 0.31 0.29 0.41
Available P(mg P,Ogkg soil) 16.40 14.02 38.85 37.85 32.00 23.98 47.23
Available K (mgK,0/kg soil) 79.57 59.50 61.70 56,35 219.28 169.07 489.11
Exchangeable Sodium %(ESP) 3.61 3.53 3.83 3.84 3.88 3.48 1.65
CaCo; (%) Nil Nil Nil Nil Nil Nil Nil
Bulk Density (gm/cm™) 1.19 1.16 1.10 1.09 1.08 1.07 1.06
Soluble Salts ( meq/l) 1:5 ext.
Na (meq/l) _ _ _ _ _ _ _
K (meag/l) _ _ _ _ _ _ _
Ca (meq/l) _ _ . _ _ _ _
Mg (meq/l) _ _ _ _ _ _ _
Sum of Cations _ _ _ _ _ _ _
CO;” (meg/l) _ _ _ _ _ _ _
HCO, ' (meg/l) _ _ _ _ _ _ _
Cl (meag/l) _ _ _ _ _ _ _
50,7 (meg/l) _ _ _ _ _ _ _
Sum of Anions _ _ _ _ _
RemarK: 0
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Tel 251-116- 614501

Fax. 251 - 116 - 61 53 71/61 08 98

251-116-610105

e-mail w.w.d.s.e@ethionet.et

Water Works Design and Supervision
Enterprise
Laboratory Service Sub Process

Soil Fertility Section
P.O.Box 2561 Addis Ababa
Ethiopia

Client:- AWE Consultants

plc

Test Method: DTPA Extraction,KH,PO,4 Extraction , Olsen, Kjeldahl digestion
Walklay Black , Ammonium Acetate & Instrumental

LABORATORY NUMBER 1839/08 1840/08 1841/08 | 1842/08 | 1843/08 1844/08 1845/08
PROFILE CODE DOMA-A2 | DOMA-A2 SYP-1 SYP-1 SYP-1 SYP-2 SYP-2
DEPTH ( CM) 25-75 75-125 0-40 35-95 95-135 0-35 35-100
Received Date 18/05/2016 | 18/05/2016 | 18/05/2016 |18/05/2016| 18/05/2016 18/05/2016 18/05/2016
Sand ( %) 10.19 24.24 19.35 15.33 13.10 29.18 6.91
Clay (%) 65.71 51.95 43.78 55.71 57.93 45.69 68.71
Silt (%) 24.09 23.81 36.87 28.97 28.97 2513 24.38
Texture Class clay clay clay clay clay clay clay
P"-H,0 (1:2.5) 4.60 4.65 4.80 4.95 5.00 4.74 4.70
P'LKCL (1:2.5) 4.02 3.95 4.04 4.18 4.21 3.96 3.97
EC(ms/cm) ( 1:2.5) 0.04 0.02 0.02 0.01 0.01 0.02 0.01
Exch.Na(meg/100gm of soil) 2.00 1.70 1.85 1.84 1.80 1.80 1.68
Exch.K(meg/100 gm of soil)) 0.50 0.12 0.24 0.11 0.10 0.16 0.15
Exch.Ca(meg/100 gm of soil) 32.17 32.71 373 36.16 30.87 35.09 28.98
Exch.Mg(meq/100 gm of soil) 10.43 1119 12.68 11.47 10.58 11.70 9.66
CEC(meq/100 gm of soil) 47.73 49.12 54.14 50.81 46.97 53.78 45.34
Sum of Cations (meqg/100gm of soil) 4511 4572 51.90 49.58 43.35 48.74 40.46
Organic Carbon(%) 0.54 0.49 2.48 1.41 1.18 2.25 0.76
Nitrogen (%) 0.08 0.06 0.30 0.17 0.14 0.20 0.11
Available P(mg P,0skg soil) 39.47 22.82 40.48 35.52 33.74 47.77 41.74
Available K (mgK,0/kg soil) 196.46 49.27 98.21 47.82 42.51 65.05 58.20
Exchangeable Sodium %(ESP) 4.20 3.47 3.42 3.62 3.84 3:3b 3.71
CaCO; (%) Nil Nil Nil Nil Nil Nil Nil
Bulk Density (gm/cm’) 1.05 1.04 1.23 1.21 1.11 1.29 1.28
Soluble Salts ( meqg/l) 1:5 ext.
Na (meq/l) = o _ _ _ _ o
K (meg/l) _ _ _ _ _ _ _
Ca (meq/l) _ _ _ _ _ _ _
Mg (meg/l) _ _ _ _ _ _ _
Sum of Cations _ _ _ _ _ _ _
CO;” (meg/l) _ _ _ _ _ _ _
HCO; ' (meg/)) _ _ _ _ _ _ _
Cl (meqg/l) _ _ _ _ _ _ _
S0,7 (meqg/l) _ _ _ _ _ _ _
Sum of Anions _ _ _ _ _ _ _
Q

RemarK:
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Fax. 251 - 116 - 61 53 71/61 08 98

e-mail w.w.d.s.e@ethionet.et

Water Works Design and Supervision

Enterprise
Laboratory Service Sub Process
Soil Fertility Section

P.O.Box 2561 Addis Ababa

Ethiopia

Client:- AWE Consultants plc

Test Method: DTPA Extraction,KH,PO, Extraction , Olsen, Kjeldahl digestion

Walklay Black , Ammonium Acetate & Instrumental

LABORATORY NUMBER 1846/08 1847/08
PROFILE CODE SYP-2 SYP-2
DEPTH ( CM) 100-145 145-200
Received Date 18/05/2016 18/05/2016
Sand (%) 13.34 19.29
Clay (%) 66.14 62.78
Silt (%) 20.53 17.94
Texture Class clay clay
P'"H,0 (1:2.5) 478 5.06
P"KCL (1:2.5) 4.11 4.21
EC(ms/cm) ( 1:2.5) 0.01 0.01
Exch.Na(meg/100gm of soil) 1.86 1.79
Exch.K(meg/100 gm of soil)) 0.17 0.19
Exch.Ca(meg/100 gm of soil) 30.55 29.25
Exch.Mg(meqg/100 gm of soil) 10.78 10.64
CEC(meq/100 gm of soil) 45.90 46.73
Sum of Cations (meg/100gm of soil) 43.36 41.87
Organic Carbon(%) 0.50 0.47
Nitrogen (%) 0.06 0.06
Available P(mg P,0skg soil) 32.50 25.29
Available K (mgK,0/kg soil) 67.66 78.77
Exchangeable Sodium %(ESP) 4.04 3.84
CaCOs (%) Nil Nil
Bulk Density (gm/cm°) 1.21 1.19

Soluble Salts ( meg/l) 1:5 ext.

Na (meg/l)

K (meg/l)

Ca (meq/l)

Mg (meqg/l)

Sum of Cations

CO, 2 (meq/l)

HCO, " (meafl)

Cl (meqg/l)

S0, 7 (megfl)

Sum of Anions

RemarkK: _
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Water Works Design and Supervision
Enterprise Laboratory Service Sub

s Process
4
///' | Water Quality Section
P.0.Box 2561
Tel. 251 -116 - 18 55 16/61 45 01 Addis Ababa

Fax. 251 -116 - 61 53 71/61 08 98
e-mail w.w.d.s.e@ethionet.et

SELECTED PHYSIO CHEMICAL AND BACTERIOLOGICAL WATER ANALYSIS RESULTS
Client/Project: AWE Consultants Plc
SOURCE OF SAMPLE River River River
LOCATION Wolega Wolega Wolega WHO maximum
allowable
DATE OF COLLECTION 13/5/2016 | 13/5/2016 13/5/2016 Concentration
DATE RECEIVED 18/5/2016 | 18/5/2016 | 18/5/2016 (mg/l)
CLIENTS ID.NO. Soria Sota Doma
LAB.ID NO. 2334/2008 | 2335/2008 | 2336/2008 -
PH 6.55 6.03 6.58 6.5-8.5
Electrical Conductivity (uS/cm) 47.00 45.00 52.00 _
Total Solids 105 °C (mg/l) 56.00 144 108.00 _
T. Dissolved Solid 105°C(mg/l) 30.00 28.00 32.00 1000.0
Turbidity (NTU) 25.00 116.00 75.00 5.0
Sodium (mg/l Na") 11.20 10.10 10.30 200.0
Potassium (mg/l K*) 1.10 1.10 1.10 _
Ammonia (mg/l NH;) 1.42 2.20 1.96 _
Total Hardness (mg/l Ca CO;) 40.00 20.00 26.00 500.0
Calcium (mg/l Ca*z) 8.00 5.60 8.00 200.0
Magnesium (mg/l Mg*?) 4.80 1.44 1.44 150.0
Fluoride (mg/l F’) 0.47 0.48 0.50 1.5
REMARK:- . The test result can be compared with the WHO maximum allowable concentration (mg/l)
indicated on the last column; but it is not Sufficent to dicide the suitability of water for
drinking purpose based on these parameters only .
. The water sample was collected and submitted to our laboratory by the client .

Tested by: Q& Processed By - =
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APPENDIX 3: Format for Data Collection

SOIL AUGER HOLE SITE DESCRIPTION SHEET (Page 1)         AUGER CODE……………

	Status………
	Date……….
	Author……….
	Region……….

	Zone………..
	Woreda………
	
	Location………….

	AGR CLIM. ZONE …………….
	Elevation
GPS………..
ALT………..
	UTM N………...
	UTM E………..
	

	Major Soil Type FAO (2006) …………………….
	Position …………….
	Landform ……………………

	 Regional Slope …………
	Slope Aspect ……………
	Slope Class ……………..

	Slope Length …………
	Slope Form………………
	

	Micro topography
…………….
	Height ………… m 
	Coverage ……… %.

	Parent Material 
…………… Over ……………..
	Effective Soil Depth   
…………………………….
	Depth To Bed Rock
………………………………

	Rock Outcrop 
……………………..
	Surf. Coarse Fragments:
Cover/Size……… /…….
	Surf. Crack
……………….
	Sealing
……………

	Erosion Status: 
T…….. /A……. /AC……. /D………
	Drainage: Class/Ext.                        …………../…………
	Water Table: Obs/Min/Max
 ………  /  ……../ ……../

	Flooding:  frequency/Duration
                    …..……./………..
	Moisture Condition
D = ………..  M =………
	Land Cover
………../……./……../

	Land Use ……….. /………….
Crop………….. /...…… /……… /…… /……….. /...……
 
	Fertilizer Type/Rate…… .../…

	PlantSpecies-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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A   = abundance     G   = grade
    Na = nature
 Sti = stickiness   C   = contrast,   Moi = moisture cond.,  

 H = hardness 
      S = structure     Ty = type          Co = color     K = kind         Si = size         Pla = plasticity        D = distinctness
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