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AWC		-	Available Water Capacity
BS%		-	Base Saturation Percentage
Ca		-	Calcium
CaCo3		-	Calcium Carbonate
0C		-	Degree Centigrade
CEC		-	Cation Exchange Capacity
[bookmark: _Toc22376808]CM		-	Centimeter
cS/m		-	Centimeter Siemens per Meter
DAP		-	Di Amino Phosphate
EARO		-	Ethiopia Agriculture Research Organization
E		-	East
EC		-	Electrical Conductivity
ESP		-	Exchangeable Sodium Percentage
FAO		-	Food and Agriculture Organization
FC		-	Field capacity
G		-	Gram
GWT		-	Ground Water Table
GIS		-	Geographic Information System
Ha		-	Hectare
ISRIC		-	International Soil Reference and Information Center
ITC		-	International Institute for Aerospace Survey and Earth Sciences
IR		-	Infiltration Rate
HC		-	Hydraulic conductivity
Km		-	Kilometers
L		-	Loam
LUP		-	Land Unit Map
LUPRD	-	Land Use Planning and Regulatory Department
LUT		-	Land Utilization Type
m		-	Meter
masl		-	Meters Above Sea Level
Meq		-	Mill equivalents
mm		-	Millimeters
MoA		-	Ministry of Agriculture
[bookmark: _Toc22376809]Mg		-	Magnesium
[bookmark: _Toc22376810]Meq		-	Mili-equivalent
Na		-	Sodium
OC		-	Organic Carbon
OM		-	Organic Matter
PET		-	Potential-evapo-transpiration
PWP		-	Permanent wilting point
P		-	Phosphorus
PPM		-	Parts Per million
pH		-	Soil Reaction (log10H+ions, acidity, basicity)
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[bookmark: _Toc466023180]EXCUTIVE SUMMARY

Abshika Small Scale Irrigation project area is found in Digalu Arabi Kebele, Digalu Tijo wereda, in Arsi zone, Oromia Regional state, which covers 157 hectares of land. The project lies between altitudinal ranges3021 to 3070 m.a.s.l. The studied area is situated mainly in undulating to moderately steep landform slope gradient ranging between 6 and 30%, which cove 139 hectares of landand forms 89% out of the total area. The extensive area is covered by deep to very deep rooting depth, varying from 125 to 200 cm depth. Hence, the rooting depth is suitable for any crops. The existing land cover is composed of intensively cultivated land, grass land and village. Most of these soils have clay loam to clayon surface dominated by clay texture class, while silty loam in subsoil. The bulk density for most of these soils is from 1.19 to 1.41gm/ cm3. The AWC of the project is 204 mm/m, and classified as very high water holding capacity class.

Organic carbon is very high that ranged from 3.26 to 3.31%.  Total nitrogen is very high with value of 0.31 – 0.35%.The Availablephosphorus of the soils of the command area were found be low to moderate (1.0-9.02 ppm) but, in most cases it can be categorized as very low class and assumed to be inadequate and requires adding of phosphorus fertilizer. The content of exchangeable calcium is high with value between 12.5 and 13.6 cmol(+)/kg.  The level of exchangeable potassium rated as very high with that ranged from 1.7 to 2.6 cmol(+)/kg.   In the studied soils the exchangeable magnesium content ranged from 2.3 up to 2.8 meq/100g soil and can be rated as moderate level.  The soils have a medium to very high CEC content soils with value that ranged from 16.6 to 30.5cmol (+)/kg. Hence generally the level of CEC is moderate the soils are suitable to intensive cultivation.  The surveyed soil reaction varied from strongly tovery strongly acidic with value of pH= 4.7 – 5.2.The exchangeable acidity of the project area is0.1Cmol (+)/kg. Of course most crops prefer a moderately to slightly acidic soil reaction with the pH range 5.5 - 6.5 in water solution.The soil salinity and sodicity are very low.  According to FAO classification was identified one major soil unit i.e. Haplic Cambisols (Eutric, Siltic).  

According to the actual land evaluation process, out of 157 hectares of land 10 ha (around 6.6%) and 22 (about 14%) is found to be moderately and marginally suitable (S3t/z) for irrigated agriculturerespectively, while 86 ha currently unsuitable (N1t) and 39 ha permanently (N2t) not suitable for gravity irrigation (furrow irrigation) due to steep slope and prevalence of strong soil acidity. 

However, by employing remedial measures like application of lime in order to overcome the soil acidity problem and altering irrigation system from furrow to overhead irrigation is possible to scale up to better land suitability class. Therefore, based on this option about 85 ha which takes 54.5% out of the total area can be marginally suitable. Moreover 13 ha and 19 ha classified moderately suitable (S2t/z) and highly suitable (S1) respectively. Hence, 117 hectares of land (75 out of the total land) is suitable for overhead irrigated agriculture. While, the remaining 49 hectares of land which forms about 25% is not suitable for over irrigation because of high slope gradient.  

The key limitations of the area are steep slope andacidic soil reaction. To overcome the existing constraints can be suggested the following techniques:

· [bookmark: _GoBack]One of the major constraints in the area as aforementioned is soil acidity. Hence, acidity problem can be controlled by applying additions of organic matter and lime. To overcome the effect soil acidity should be applied 581tons of limestone (CaCO3)for the whole project area. 

· To improve and maintain the existing soil fertility should applied proper rate, place and timely inorganic and organic fertilizer in the project area with adequate care.    
· Since the topography of the area undulating to moderately steep is vulnerable to soil erosion. Therefore, appropriate measures should applied as follows:  
· For topography land with slope ranging from 0 to 4 percent must have agronomic measures comprise contour farming, mulch, zero tillage, crop rotation, strip cropping and mixed cropping.  
·  For the land with slope of 4-20% is better to construct soil bund and build bench terrace to protect the soil from erosion.
· Construction activities like earthworks have to be done in dry season during construction of irrigation scheme; 
· The exposed or excavated soil should be refill soon after completion of works;
· The planned project has to play role in conserving and maintaining ideal environment with maximum biodiversity.
· Regarding to irrigation management and system might be recommended to apply for the command area over head irrigation system (sprinkler). 
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1. [bookmark: _Toc466023183]INTRODUCTION

1.1 [bookmark: _Toc377296082][bookmark: _Toc377992895][bookmark: _Toc380264222][bookmark: _Toc466023184]Background
The soil survey was undertaken in Oromia Regional State Government, in Arsi zone, in DigaluTijo wereda, in Digalu Arabi kebele.   The study was conducted based the latest FAO (2006) standards and procedures, to fulfill requirements of the accepted international standards. Detailed information on the land and soils in the command area was collected to make the evaluation of the land for land utilization type selection, irrigation designing and agricultural input requirements justification. This will be done by focusing on identifying the various topographic forms, soil types, present land use and existing land use pattern, providing a basis for assessment of land and irrigation crop suitability; assessing the existing resources, which relate to soil resources of the command area so that evaluation of the area would be possible. Soil survey is often the major basis for irrigated agriculture land use planning, thus it is essential to carry out intensive soil surveys and investigations. Soil surveys ensure selection of land for irrigated development and sound agricultural management practices. Soil surveys for irrigation suitability assessment were carried out at present feasibility study to supply basic information on crop requirements, suitable irrigation method, and other soil improvement techniques. 

In rehabilitation projects of irrigated lands, besides the modernization of the irrigation systems, were considered two main objectives: to improve field irrigation management, by reducing surface run-off and deep percolation, to save water and reduce the negative environmental impacts of irrigation. In this instance a detailed soil mapping is required.

This report presents the field and laboratory investigation of the soil envisaged project land.  In the following few chapters will be explained the environment setting of the area, methodology and the result of the study and followed by land suitability evaluation.

[bookmark: _Toc377296083][bookmark: _Toc367368089][bookmark: _Toc377992896][bookmark: _Toc380264223][bookmark: _Toc466023185]1.2 Objective of the study

The main objectives of the soil survey and land evaluation study were:
· To investigate physical and chemical soil properties of the soils, to identify their spatial 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  recommendation for the envisaged development based on soil test data; 
· Confirm soil quality and its suitability for irrigation under different irrigation methods.
· Assess and evaluate existing land use pattern for  the proposed irrigation scheme Formulation of proper soil and land management practices, and 
· Land use and land cover study
[bookmark: _Toc377296084][bookmark: _Toc367368090][bookmark: _Toc377992897][bookmark: _Toc380264224][bookmark: _Toc466023186]1.3 Scope of the study
The scopes of the soil survey and land evaluation study were included the following:
· Conduct field auger to a depth of 120 cm (as the rooting depth of most crops is about 1m);
· Conducting standard soil physical and chemical analysis at laboratory level on collected soil samples;
· Carryout land suitability assessment and produce map of the land suitability ;
· Production of standard soil survey and land evaluation report and thematic maps 


































[bookmark: _Toc466023187]2.	DESCRIPTION OF THE PROJECT AREA

[bookmark: _Toc466023188]2.1.	Location
The Abshika Project, which covers some 157 ha, lies in Digalu Arabi kebele, Digalu-Tijo woreda, Arsi zone, Oromia Regional State Government. The area is located in the west and north of the Rift ValleyRiver Basin. It liesbetween latitudes 855240 and 856299 N and between longitudes 536491 and 539055 E within altitudinal range 3010 and 3187 masl.

[bookmark: _Toc466023189]2.2 Climate

[bookmark: _Toc22362454]The Abshika Small Scale Irrigation Project is located in Cold to very cold humid highland mountainsagro-ecological zone.  The Climate of the area is characterized by two main seasons, namely dry and rainy seasons. The dry season takes place from November through February. The rainy season characterized by bimodal rainfall regimes, this can be divided the long rainy and short rainy seasons. The long rainy season occurs from June to July, while the short rainy season begins at late February and ends May. The pick rain reaches in July and August with monthly mean 156 and 168 mm/m respectively. Moreover, in April in the second rainy season takes place with maximum value of 87.6 mm/m.  The mean annual rainfall is 887 mm. The mean monthly air temperature of the project area ranges from 12.5 to 15.5oC with an average of   13.90C. The average of minimum and maximum air temperature is 8.1oC in September and 19.70c in January respectively. The mean monthly average relative humidity ranges from 71.3 % (in March) to 77.7% (in July & August) and its mean value is 73.6%. The monthly sun shine hours fluctuates from 6.5 (in July& August) to 8.8 hrs(in March) with its mean value of 7.9 hours.  The minimum and maximum value of the wind speed area 0.63 m/s (in September) and 1.5 m/s (in November&December). 

Station:Digelu and Tijo
Altitude: 2734 masl:-Latitude: 7.740; Longitude: 39.220
Table 2.1 Metrological Data of Abshika Small Scale Irrigation Project
	
	Tmin
	Tmax
	Wind speed (m/hr)
	RH (%)
	SH
	RF

	Jan
	7.39
	19.84
	1.36
	72.33
	8.07
	18.65

	Feb
	8.31
	21.34
	1.32
	71.67
	8.50
	36.67

	Mar
	8.91
	22.17
	1.25
	71.33
	8.77
	69.71

	Apr
	9.03
	21.64
	1.31
	72.33
	8.53
	87.58

	May
	8.91
	21.50
	1.06
	72.33
	8.67
	83.56

	Jun
	8.68
	20.00
	0.86
	74.33
	7.97
	92.30

	Jul
	8.03
	17.08
	1.37
	77.67
	6.50
	155.64

	Aug
	7.96
	17.12
	1.05
	77.67
	6.53
	167.63

	Sep
	8.11
	18.51
	0.63
	75.33
	7.23
	101.02

	Oct
	7.49
	18.57
	1.28
	74.00
	7.50
	48.46

	Nov
	7.01
	19.33
	1.51
	72.33
	8.13
	14.62

	Dec
	7.07
	19.52
	1.50
	72.33
	8.03
	11.36

	 
	 
	 
	 
	 
	 
	887.20




[bookmark: _Toc464471184]Figure 2.1:- Location Map of Abshika Small Scale Irrigation Project

[bookmark: _Toc466023190]2.3.	Topography

The geological formation is composed of alkaline olivine basalt and tuffs, rare rhyolites shield group Miocene alkali basalts, tuffs and agglomerates. The area consists of gentle slope to strongly sloping topography and the slope range from 0 to 20% and above.  The dominant topography of the project area is falling into sloping to strongly sloping to moderately steep topography, varying from 8 to20% and slope gradient exceeding20%, which covers about 125 hectares of land and forms 80% of the total area.

[bookmark: _Toc464471183]Table 2. 1Slope Class of Abshika Small Scale Irrigation Project
	Slope 
Class (%)

	Description
	Area

	
	
	Ha
	%

	0-4
	Gentle Slope
	8.7
	5.6

	4-6
	Moderately Gently slope                      
	8.5
	5.4

	6-8
	Sloping       
	13.9
	8.9

	8-20
	Strongly sloping                
	86.2
	55.3

	>20
	Moderately Steep
	38.7
	24.8

	Total
	
	156
	100





[image: D:\ERDAS\examples\Profile _Auger data_Arsi_ABbebe\Final AB_TIl_Dan_LaloSSIP\ABDT\AbshikaSlopeA Map.jpg]

[bookmark: _Toc454798554][bookmark: _Toc454798590][bookmark: _Toc464471185]Fig 2.2:-Slope map of Abishika Small Scale Irrigation Project

[bookmark: _Toc466023191]2.4.	Agriculture, Vegetation and Land Use

The peasants in the study area engaged in small-scale subsistence farming employing simple farming tools and methods of production.  The dominant cropping system composed of potato, pea, barley, and onion.  The agricultural activities includes land preparation, which is done by oxen for several times, planting that is carried by broadcasting, weeding is labor intensive work and harvesting.  Large numbers of farmers apply mineral fertilizers, namely Urea and DAP to maintain soil fertility.

The considerable part of the study area is under cultivation, while the remaining part is grassland and settlement area.  The vegetation covers mainly concentrated around the homestead.  The vegetation types are eucalyptus and very Juniperus proceracypress, Eucalptus globuls, Maytenussenegalensis and Ameraro (0rm.), endod



























[bookmark: _Toc466023192]3 METHODOLOGY AND APPROACH OF THE STUDY

The FAO Guidelines (2006) for soil description was 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 divided into three stages described as follows. 

[bookmark: _Toc367368098][bookmark: _Toc377296092][bookmark: _Toc377992899][bookmark: _Toc380264226][bookmark: _Toc466023193]3.1 Pre-fieldwork

This stage of the entire soil survey work is the preparatory stage and therefore, all the necessary preparatory tasks for the study were made. Field soil field data collection formats for the soil description were prepared at this stage.

Previous Studies
Previously general soil studies made at national level and river basin level.  The country wide studies carried on nationwide as part of the Assistance to Land Use Planning (ALUP, 1984) and produced Geomorphology and soil map of Ethiopia 1:1 million scale based on Land Sat MSS imagery, data from existing reconnaissance level soil survey and limited amount of field observation.  LUPRD, in 1984 by FAO/UNDP produced a soil association map at 1:2 million scale.

The Wabe River Basin Development Master Plan Study was under taken by Ministry of water Resources in in2004 and produced a soil map of the basin a t scale of 1:250,000.  A site-specific study did not made in the study area.

[bookmark: _Toc377296093][bookmark: _Toc367368099][bookmark: _Toc377992900][bookmark: _Toc380264227][bookmark: _Toc466023194]3.2 Fieldwork stage activities

The field survey was carried out from the 08 to 09 April, 2016. The study was carried out according to technical proposal that encompasses auger observation and description of profile pit. 

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 was made up to the depth of 1.20 m except where restricted by lithic contact and pits were 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 in situ following Guidelines for Soil Profile Description (FAO, 2006).  

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 auger and profile pits were recorded on soil description sheets prepared for the purpose. 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), elevation determined by altimeter, 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 pits additional internal soil information such as soil horizons, structure, consistence, porosity, roots, cations, slickenside etc. were recorded on profile description sheets. A total of 11 auger, and 2 profiles were described, out of which 7 samples were sent to the Soil laboratory. 
[bookmark: _Toc377296094][bookmark: _Toc367368100][bookmark: _Toc377992901][bookmark: _Toc380264228]
[bookmark: _Toc466023195]3.3 Post Fieldwork Stage

Two soil profile pits were excavated and described at different slope gradients on various positions of the landscape and 7 samples were collected from identified genetic horizons. The samples were processed and analyzed for physicochemical properties, following standard laboratory procedures: 
· 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,

Then the Results of physical-chemical data for analyzing profiles are presented in Appendix












[bookmark: _Toc466023196]4 SOIL PHYSICAL CHARACTERISTICS

[bookmark: _Toc466023197]4.1 Effective Soil Depth

Effective soil depth is the depth of the soil that may be exploited by plant roots. A deep well drained soil show a root penetration until below 150 cm for most cops. For annual crops the dense root systems is usually at depth of less than 60 cm, while most tree crops even have a dense to moderate root system until the depth of 150 cm. Soil depth is judged by contacts to non-soil material. 

The soils that found in the project area are deep to very deep on flat to gentle undulating topography, while on steep topography is shallower.  Therefore, the depth would not be a problem in some portion of the study area.

[bookmark: _Toc466023198]4.2. Soil Texture

Soil texture is very important parameter among soil physical characteristics.  Soil texture analysis was carried out in the field using the feel method and by the laboratory investigation.  
The texture of the investigated soils varied from clay loam to clay on topsoil, while in subsoil silty loam. The overall sand fraction ranges from 13 to 37% with mean value of 23%, the silt content varies between 20 and 72% with an average value of 53%, and the clay content varies from 15 to 43% with an average of 25%. Thus, the predominant soil textural class is clay over silty loam.

[bookmark: _Toc466023199]4.3 Soil Structure


The soil structure of the site is granular in topsoil while in sub soil is sub angular structure. The upper layer of the studied soil characterized by weak fine and medium platy structure, meanwhile in lower horizon the soil was found to be medium to coarse sub angular, and angular blocky and prismatic structure.

[bookmark: _Toc466023200]5.4. Soil 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.The major purposes of determining soil bulk density are:

· To determine degree of weathering and alteration of formed from igneous and metamorphic rocks, as bulk-density drops from values near 2.65 to less than 2 with increasing weathering and associated development of pore spaces.

·   Evaluation of root impedance possibilities, as relation-ships has been established   between high bulk-density and lack of root penetration.  

· Bulk density is above 1.75g/cm2.  For sandy and 1.46-1.63 gm/cm3 of silty and clays are quoted as causing hindrance to root penetration.
The bulk density of the soils in Abshika small scale irrigation project area ranges from1.29 and 1.41 g/cm3.

[bookmark: _Toc466023201]4.5. Field capacity and Permanent Wilting Point

Field Capacity (FC) of a soil is the maximum water content the soil will hold following free drainage.  FC is the upper limit of available soil moisture under irrigation. The field capacity of the area ranges from 33 to 39%
Permanent Wilting Point (PWP) is the soil moisture content at which plants can no longer obtain enough moisture to meet transpiration requirement and remain wilted unless water is added to the soil. The value of PWP of the site is between 16 to 26%.

Available water capacity (AWC) the volume of water retained between field capacity (0-33 bar) and permanent wilting point.  However, all available moisture is not accessible to plants due to imperfect drainage, hydraulic conductivity of soil, rolling depths, root concentration at different depths and stage of plant growth.  About 50-70% of available moisture is considered readily available water (RAW). As a rule readily available moisture is considered 60% to total available water.  The available water capacity the soils of the studied soilsis 204mm/m. 

[bookmark: _Toc466023202]4.6 Infiltration

Infiltration refers to the measurement of vertical intake of water into a soil at the soil surface.Infiltration is important for selection of suitable methods and design for irrigation type, calculation of deep percolation losses, irrigation efficiencies and crop water management.  It also helps in interpretation of soil erosion and conservation requirements. Optimum basic infiltration rates for surface irrigation are considered to be in the range of 0.7 - 3.5 cm/hr, although acceptable values normally range is from about 0.3 to 6.5 cm/hr. Infiltration rate of Abshika small scale irrigation project is between 0.11 and 0.35 cm/hr.

[bookmark: _Toc466023203]4.7 Permeability

Hydraulic conductivity (permeability) of the soil is the property to transmit water down ward through unit cross-section area of a soil in unit time.The hydraulic conductivity of the saturated soil governs the rate of drainage.  The average hydraulic conductivity of a soil profile is used to determine subsurface drainage (if there is drainage problem) and to evaluate the feasibility of rising perched water table conditions, which may injure crop roots.The HC of major soils in Abshika small scale irrigation project is 0.01-0.4 m/day. Therefore, the soils of the project area have slowto moderate permeability and would create some drainage problem under irrigation management.
[bookmark: _Toc466023204]5. CHEMICAL CHARACTERISTICS

[bookmark: _Toc466023205]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-mapping unit has been analyzed and discussed based on laboratory analytical results of soil samples collected in the field. (See the results in annex 2).

[bookmark: _Toc466023206]5.2 Soil Reaction

Soil reaction is an important function in the formation and behavior of different types of soils especially under tropical conditions. Soil pH is an indicator of acidity and alkalinity in the soil.  The pH of the soil determines availability and toxicity of macro and micronutrient and used to appraise correctable soil deficiencies relating to economic correlation such as lime for acid soil and gypsum for sodic soils. Soils are considered slightly acid between pH 6.5 to 6.1, moderately acid between 6.0 and 5.5, strongly acid between 5.5 and 5.1, very strongly acid between 5.0 and 4.5, and extremely acid below pH 4.4. Soils with pH values above 7.4 are rated as alkaline. As the value of pH drops below 5.5, the concentration of soluble aluminum increases and becomes toxic to plant root growth when it exceeds 1.0 part per million (ppm). Below pH 5.2, the concentration of manganese also increases and can become toxic. The availability of fertilizer nutrients such as nitrogen, phosphorus and potassium generally is reduced as soil pH decreases. Generally, for agricultural purpose, soils with pH values within the range of 6.0 to 7.5 are suitable and more trouble free than those with higher or lower pH values (Hall, 2008; Hazelton and Murphy, 2007).
Cause of Acidity
The cause of acidity of command area might be the following:

· Acid soils are mostly found in the areas of high rainfall. Rainfall affects soil acidity development by leaching basic elements such as calcium, magnesium, potassium, and sodium from the soil profile, leaving the acidic elements: hydrogen, aluminum and manganese. In addition, soil erosion can contribute to the loss of basic elements thereby increasing soil acidity.
· Management factors such as cropping and fertilizer use also affect soil pH. Removal of harvested crops depletes basic elements from the soil. Nitrogen and phosphorus fertilizers also contribute significantly to the formation of acid soils in particular Urea and DAP.Similaily In the project area the farmers intensively are using inorganic fertilizers. 

· Sloppy places often acidic in nature. The major part of the Abshika area is characterized by sloppy land form;

The pH value of surface varied from 4.7 to 5.2 with mean value of 5.0 and in the pH value of the subsoil is also similar to upper horizon, both cases indicating that the soil reaction is strongly to very strongly acidic. Since the value of pH value of the project area is below 5.5 then the aluminum toxicity might present. Excessive amounts of aluminum can inhibit root development and limit crop growth.

Aluminum and manganese toxicity may be ameliorated by liming and aerating fields. Aeration may be accomplished by draining excessive water from fields. As a result proper management of soil pH can prevent problems associated with aluminum toxicity.  The results obtained showed that the soil pH in all soil units is out normal pH range with low pH values. Under such low pH the availability of essential nutrients are critically affected. Toxicity of aluminum to plants greatly affects root and shoot growth as well as nutrients and water absorption. Moreover, the activities of microorganisms which play pivotal roles in nutrient cycling in agro ecosystems are affected. So, the soil requires amendment measures like lime application.

[bookmark: _Toc466023207]5.3 Electrical Conductivity

Electrical Conductivity measurements (EC) are used as indicators of total quantities of soluble slats in soil.The EC value of all soil types in the project area is indicating absences of any current and potential salinity problems with EC value less than 1 mS/cm.

[bookmark: _Toc466023208]5.4. Cation Exchange Capacity (CEC)

Cation exchange capacity is the capacity of soil to sorb or hold cations and supply them to plant.  It is an important soil property for lot soil fertility nutrition studies and for soil genesis.  The CEC value of the survey area is high (26.4-30.5 meq/100g soil).  Generally, high CEC is correlated with presence of primary weatherable minerals and accumulation of secondary clay minerals and indicate a high plant nutrient storage capacity.

[bookmark: _Toc466023209]5.5 Percentage Base Saturation (PBS)

PBS is the value of exchangeable bases divided by cation exchange capacity and expressed in percentage.  The value of BPS is used in soil classification and soil fertility analysis.The BPS value of the project soils is between 61 and 71%, indicating that the soil fertility status of soils of the surveyed area is high.

[bookmark: _Toc466023210]5.6 Exchangeable Cations

The levels of exchangeable cations in a soil indicate the existing nutrient status and can also be used to assess balances amongst cations.  Many effects on soil sturcture and on nutrient uptake by crops are influenced by the relative concentration of cations as well as by their absolute levels.  Rating of exchangeable cations (meg/100g of soil) (see annex).

[bookmark: _Toc466023211]5.7. Exchangeable sodium

Sodium is a mineral that is generally not needed in plants. A few varieties of plants need sodium to help concentrate carbon dioxide, but most plants use only a trace amount to promote metabolism. If the content exchangeable sodium is less than 3 meq/100g soil there is no adverse effect on soil property. The overall content of exchangeable sodium of the study area ranged from 0.9 to 1.1 meq/100g soil. Hence, there would not be any constraint on soil structure. 

[bookmark: _Toc466023212]5.8 Exchangeable Potassium

Exchangeable K, 0.1 to 2% of total soil K, is the major bioavailable form of K in the soil. Cation exchange capacities of soils typically range from 5 to 60 milliequivalents/100grams, and K is typically 1 to 3% of the total CEC, rarely more.

The potassium status of the soils in Abshikairrigation project varied from 1.7 to 2.6 meq/100g soil on topsoil but it reduces it reserve in lower horizon. Generally, the level is very high level of exchangeable potassium and there is sufficient potassium. 

[bookmark: _Toc466023213]5.9. Exchangeable calcium

Calcium is an essential element for the growth and functioning of root tips. It helps the movement of carbohydrates from one part of the plant to the other and for helping to regulate sap acidity. Calcium is present in the cytoplasm at level. According to the analytical results, the exchangeable calcium content of the soils very high (12.5 -13.6 meq 100g soil) but it decreases in lower horizon. Since easily available for plant is the reserve of the topsoil, hence there is no shortage of calcium.

[bookmark: _Toc466023214]5.10 Exchangeable Magnesium

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 moderate magnesium content with value that ranges from 2.3 to 2.8 meq/100g soil.

[bookmark: _Toc466023215]5.11Organic Carbon

Organic carbon measurements are often made as a measure of the quality of organic matter in a soil, which in turn is taken as a crude measure of fertility status. The value of organic matter was obtained by multiplying the organic carbon content by factor 1.72. The threshold value of organic matter is above or equal to 1.4%.  The organic carbon is high (3%).  It decreases considerably from upper surface to subsurface.  

[bookmark: _Toc466023216]5.12 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 of the studied soils is around 0.3-0.4% in the topsoil.  The overall status of the total nitrogen is very high in surface soil, and minimized in lower horizon. 

[bookmark: _Toc466023217]5.16 The Carbon to Nitrogen Ration

C/N ration is an indication of the process of transformation of organic nitrogen to available N like ammonium nitrite and nitrate-N.Incorporation of partially decomposed crop residues or straw in a soil sample can greatly increase whilst legume residues decrease the ration and as such the figures should be taken as indication of facts10 and the microbiological activity are expected to be in a favorable condition.  The C/N ratio of the project area is between 9 and 11.

[bookmark: _Toc466023218]5.17 Exchangeable Sodium Percentage

Exchangeable Sodium Percentage (ESP) indicates sodicity in the soil.  Soils with ESP<15 is generally non-sodic requiring no amendments, whereas soil with ESP>15 are sodic and requires amelioration method.  ESP of the soil project area is between justifying absence of any sodicity problems.

[bookmark: _Toc466023219]5.18. Available Phosphorus

Available Phosphorus is the amount of P readily available for nutrient absorption by the plant.Phosphorus is available in all soil in the project area in a trace amount (<4Pmm).  Hence there is an urgent need for application of Phosphorus fertilizer under proposed irrigation.



















[bookmark: _Toc466023220]6.	 SOILS OF THE PROJECT AREA

[bookmark: _Toc466023221]6.1 Soils, Their Characteristic and Classification

Climate, relief, parent material, organisms, and time govern the soil formation process. The interactions of these factors produce the soil entity.

Soils of the project area generally classified based on hierarchical system at two levels.  There isone major soil group as per the WRB-FA-ISRIC soil classification of the world0f 2006.  This soil unit is Haplic Cambisols (Eutric, Siltic). This soil unit subdivided into different phases, which indicate surface and subsurface features of landform.  The soil series mapped and described in the site by combination of geo-morphic and soil characteristics.  Generally soils of the project are grouped into one major soil namely Haplic Cambisols (Eutric, Siltic).  They are clay over silty loam soils with well drained. These soils are deep to very deep, Very dark brown (10YR2/2) in color.  They are regrouped into five series based on slope features. 

[bookmark: _Toc454797687]Table 6.1Soil Mapping Unit Legend of Abshika Small Scale Irrigation Project
	Sr No
	Legend
	Area
	Description

	
	
	Ha
	%
	

	1
	SMU-1
	10.3
	6.6
	Very deep, very dark brown (10YR2/2) in color, clay texture, moderately drained, weak medium platy structure, friable when moist, sticky and plastic when wet, strongly acidic occur on very gently undulating plain with slope range of 0 – 4% (Haplic Cambisols (Eutric, Siltic).  

	2
	SMU-2
	8.9
	5.7
	Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately drained, weak medium platy structure, friable when moist, sticky and plastic when wet, strongly acidic occur on undulating plain with slope range of 4 – 6% (Haplic Cambisols (Eutric, Siltic))

	3
	SMU-3
	13
	8.3
	Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately drained, weak medium platy structure, friable when moist, sticky and plastic when wet, strongly acidic occur on moderately undulating topography with slope range of 6 -8% (Haplic Cambisols (Eutric, Siltic))

	4
	SMU-4
	86
	54.8
	Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately drained, weak medium platy structure, friable when moist, sticky and plastic when wet, strongly acidic occur on rolling topography with slope range of 8 -15%  (Haplic Cambisols (Eutric, Siltic))

	5
	SMU-5
	38.8
	24.7
	Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately drained, weak medium platy structure, friable when moist, sticky and plastic when wet, strongly acidic occur on moderately steep side slopes topography with slope range 15 and 30% (Haplic Cambisols (Eutric, Siltic))

	Total
	157
	100
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[bookmark: _Toc464471186]Fig 6.1Map of Soil Mapping Units of Abshika Small Scale Irrigation Project

[bookmark: _Toc466023222]7. LAND SUITABILITY EVALUATION

[bookmark: _Toc466023223]7.1. General

The land suitability evaluation has been conducted by employing FAO methodology. The FAO Framework for Land Evaluation is an approach based on the following concepts: i) the land is qualified, not only the soil. ii) Land suitability must be defined for a specific soil use in this case for coffee plantation, iii) Land evaluation was to taken into account the physical conditions. v) The evaluation requires a comparison between two or more alternative kinds of use. vi) The evaluation must propose a use that is sustainable.    In the approach four categories are recognized. The highest category is the order that it reflects, in broad features, whether a soil is suitable or not for a given use. Two orders are recognized:

S = (Suitable): Land in which the benefits exceed the costs and sustained use does not incapacitate the soil over a sufficiently long period of time.
N = (Not suitable):  Land can be classified as not suitable for a certain use for diverse reasons. The use proposed may be deemed technically impractical, as in irrigation of abrupt rocky terrain, or that it causes serious environmental degradation, as in cultivation on steep slopes. Frequently, however, the reason is economic, in that the profit expected does not justify the cost required.            
   
The second category is the class that reflects degrees of suitability within the order. These are numbered consecutively in Arabic numerals.  For the order S, three classes are considered:
· Highly suitable (S1) = without limitations for sustained use or minor limitations that do not affect productivity nor appreciably increase costs.
· Moderately suitable (S2) = moderately serious limitations that reduce profits or involve risks of degradation in the sustained use of the soil.
· Marginally suitable (S3) = the limitations for the sustained use are serious and the balance between the costs and benefits make the use only marginally justifiable. Its use is normally justified on other than economic grounds. 
 In the order Not Suitable (N) = three classes are also recognized:
· Not currently suitable (N1) = Land with limitations that could be eliminated by technical means or investment, but that these changes are at present unfeasible.
· Permanently unsuitable (N2) = Serious limitations of generally a physical nature, which are assumed to be beyond solving over the long term.
· Land for conservation  (X ) = Unsuitable for exploitation, being lands of special protection, due to their conservation, wildlife, of special scientific, ecological or social interest (e.g., parks, reserves or recreational zones).

The limits between the orders (S and N) and between the different classes (S1, S2, S3 and N1, N2) are established by the presence of limiting factors. One limiting factor is a characteristic of the soil that hampers its use, reduces productivity, increases costs and implies degradation risk, or all of the above.
These limiting factors are used to define the third category of the system, which is the subclass. In the symbol of each subclass, the number of limitations involved should be kept to the minimum one letter, or, rarely, two. The limitations identified in the studied area are: t= slope; n= soil nutrient availablity; z=soilacidity.

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

· Definition of the result LUTs in the area:
· Determination of those land qualities, which have direct influence on the     production of the LUT
· Rating of these land qualities by means of a single or a set of land characteristics
· Matching tht land use to teach at current land suitability classification. 

[bookmark: _Toc466023224]7.2 Land Utilization Types (LUT)

The existing major land utilization type in the survey area is traditional subsistence rainfed agriculture, which is widely practiced at the vicinity of the project area, with low-level input.  Land evaluation for surface irrigation has been made for small holders irrigation under medium input and support from government. The descriptions of land utilization and land use requirements are given in the following table

[bookmark: _Toc23235305][bookmark: _Toc24985460][bookmark: _Toc454797882]Table 7.1 Land Uses Requirement and Land Quality Criteria for Surface Irrigation
	
Land Quality
	
Unit
	Suitability Classes

	
	
	S1
	S2
	S3
	N1
	N2

	Slopes
	%
	1-2
	0.5 - 3
	3 - 5
	5 - 8
	>8

	Drainage
	
	Well
	Moderately well
	Imperfect
	Excessive, poor
	V.poor

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

	Soil texture
	
	SiL&CL
	C, SCL
	L, S, HC
	
	

	Salinity
	Ms/cm
	<4
	4-8
	8-12
	12-16
	>16

	CEC
	Meq/100g
	>20
	5-20
	<5
	
	

	OM
	
	3-5
	1-3
	<1
	<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
	
	6.5 - 7
	6.5 - 7
	7 - 8
	< 5 &< 8.5 
	

	Structure
	
	SAB
	SAB
	Pla.
	Mas.
	

	Consistence
	
	SlSt
	St, Pl
	VSt.
Vp1
	VSt. VPl p1.
	

	Erosion status
	
	None
	Medium/slight
	Severe
	Very severe
	

	ESP
	
	<10
	10-15
	15-20
	>20
	>20

	Stoniness
	%
	<1
	1-3
	3-15
	15-40
	>40

	Vegetation
	No clearing requirement
	Scattered
	Frequent
	Forest
	Dense forest
	Dense forest

	Micro relief 
	
	Even
	Slight
	Uneven
	
	Broken

	Water logging 
	
	None
	Rarely
	Frequent
	Frequent
	


SAB=Sub Angular Blocky,Vst= Very sticky, VPl = Very Plastic, mS/cm=milisimence per centimeter,  SlSt=Slightly Sticky, SlPl= Slightly Plastic, Pla=Platy, Mas= Massive, SiL= Silty Loam,   SCL= Sandy Clay Loam,   L= Loam, S=Sand, HC=Heavy Clay, C=Clay

By matching diagnostic factor with irrigated agriculture the land suitability of the study area classified as the following (see table 8.3).

[bookmark: _Toc454797883]Table 7.2:-Soil Characteristics of the Soil Mapping Units
	SMU
	
Units
	Mapping Units

	
	
	SMU-1
	SMU-2
	SMU-3
	SMU-4
	SMU-5

	Area
	Ha
	9
	9
	14
	51
	74

	Mean Air Temperature
	0C
	13.9
	13.9
	13.9
	13.9
	13.9

	Relative Humidity
	%
	73.6
	73.6
	73.6
	73.6
	73.6

	Slope
	%
	0-4
	4-6
	6-8
	8-15
	>15

	Drainage
	
	M
	M
	M
	M
	R

	Depth
	Cm
	200
	200
	100
	70
	50

	Texture
	
	C
	CL
	CL
	L
	L

	Stoniness
	%
	None
	None
	None
	None
	None

	Salinity
	ds/cm
	None
	None
	None
	None
	None

	CEC
	Meq/g
	26.4
	30.5
	30.5
	30.5
	30.5

	O.C
	%
	3.26
	3.31
	3.31
	3.31
	3.31

	pH
	
	4.7
	5.2
	5.2
	5.2
	

	Erosion Status
	Degree
	Mo
	Mo
	Mo
	Mo
	Mo

	ESP
	%
	None
	None
	None
	None
	None


SiL= Silty Loam,   SCL= Sandy Clay Loam,   L= Loam,   Sl =Slight,   Mo=Moderate,   Sev = Sever,	R= Rapid

3. Matching of land use with land once the land resources or soils have been mapped, the next step is matching the requirements of each land utilization type or crop with the qualities of each mapping unit. The matching processes of the study see in table 6.

[bookmark: _Toc454797884]Table 7.3:-Matching Process of Land Units and LUTs
	Land Characteristics
	Unit
	Mapping Unit

	
	
	SMU-1
	SMU-2
	SMU-3
	SMU-4
	SMU-5

	Area
	Ha
	9
	9
	14
	51
	74

	Mean Air Temperature
	0C
	S1
	S1
	S1
	S1
	S1

	Relative Humidity
	%
	S1
	S1
	S1
	S1
	S1

	Slope
	%
	S2
	S3
	N1
	N2
	N2

	Drainage
	
	S1
	S1
	S1
	S3
	S3

	Depth
	Cm
	S1
	S1
	S2
	S3
	S3

	Texture
	
	S1
	S1
	S1
	S1
	S1

	Stoniness
	%
	S1
	S1
	S1
	S1
	S1

	Salinity
	
	S1
	S1
	S1
	S1
	S1

	CEC
	Meq/100g
	S1
	S1
	S1
	S1
	S1

	OM
	%
	S1
	S1
	S1
	S1
	S1

	pH
	
	S3
	S3
	S3
	S3
	S3

	ESP
	%
	S1
	S1
	S1
	S1
	S1

	Erosion status
	
	S1
	S2
	S3
	S3
	S3

	Workability
	
	S1
	S1
	S3
	S3
	S3

	Current suitability under Furrow Irrigation
	
	S2z
	S3z
	N1z/t
	N1t/w
	N2t/w

	Suitability under Overhead Irrigation (Sprinkler0
	
	S1Z
	S1Z
	S2Z/t
	S3t/w
	N1t/w



[bookmark: _Toc466023225]7.3 Land Suitability Evaluation by Land Utilization Types
The suitability of a land area could and is evaluated at the major kind of land use. In regard to the Abshika Small Scale Irrigation Project, the area has been identified, out of 157 hectares of land, 10 ha is to be moderately suitable (6.6%) and 22 ha (about 14%) is found to be marginally suitable (S3t/z) for surface irrigated agriculture, while 86 ha currently unsuitable (N1t) and 39 ha permanently (N2t) not suitable for gravity irrigation due to steep slope and prevalence of strong soil acidity (See Table 7.4 & fig 7.1). 

However, by employing remedial measures to overcome the soil acidity problem like lime and overhead irrigation system it is possible to scale up to better suitability class. Therefore, based on this option about 85 ha which takes 54.5% out of the total area considered to be marginally suitable. Moreover 13 ha and 19 ha classified moderately suitable (S2t/z) and highly suitable (S1) respectively. Hence, 117 hectares of land (75 out of the total land) is suitable for overhead irrigated agriculture. While, the remaining 49 hectares of land which forms about 25% is conditionally not suitable for sprinkler irrigation because of high slope gradient(See Table 7.4 & fig 7.2).


[bookmark: _Toc454797885]Table 7.4Summary ofSurface and Overhead Irrigation System of Abshika Small Scale Irrigation Project 
	Mapping Unit
	Area
	Current suitability (Surface Irrigation System)
	Potential Suitability (Overhead Irrigation System)

	
	Ha
	%
	
	

	SMU-1
	10
	6.6
	S2z
	S1

	SMU-2
	9
	5.7
	S3z/t
	S1

	SMU-3
	13
	8.3
	S3z/t
	S2z/t

	SMU-4
	86
	54.8
	N1t
	S3t/z

	SMU-5
	39
	24.7
	N2t
	N1t

	
	157
	100
	
	







[image: G:\Final AB_TIl_Dan_LaloSSIP\ABDT\AbshikaCurrent Landsuitability A.jpg]
[bookmark: _Toc465754149]Fig 7.1:-Land Suitability Map of Surface Irrigation (Furrow) for Abshika Small Scale Irrigation Project
[image: D:\ERDAS\examples\Profile _Auger data_Arsi_ABbebe\Final AB_TIl_Dan_LaloSSIP\ABDT\AbshikaPotential Landsuitability A.jpg]
[bookmark: _Toc465754150]Fig 7.2 Land Suitability Map of Overhead Irrigation (Sprinkler) for Abshika Small Scale Irrigation System

[bookmark: _Toc466023226]8. SOILS AND LAND MANAGEMENT UNDER IRRIGATION

[bookmark: _Toc466023227]8.1 General

Soil provides nutrients, water and physical support for plants and air for plant roots. Plants require three factors for growth and reproduction: light, water, and nutrients. Inorganic fertilizer is the largest nutrient input, but it is useful to think of chemical fertilizers as supplementary nutrients. When used to supplement biological nutrient sources, inorganic fertilizers can help make more efficient use of other available plant-growth resources, such as water and sunlight. There are four main approaches for improving soil biological and physical health (tillage, cover crops, organic amendments and crop rotation).Thus the main soil and land management requirements are briefly described as follow.


[bookmark: _Toc466023228]8.2. Soil fertility

The soils investigated in the surveyed area are clay loam to clay overt silty loam textured with moderately drainage. The serious limitations of these soils are:  hilly topography and uneven surface and acidic soil reaction on all soil units.  Concerning soil nutrient status of the project area is medium to high. The soil reaction is strongly acidic with pH value of 4.6-5.2. The soils are rich in soil organic carbon (3.3%). The level of total nitrogen is also very high with value of 0.3%. 

The CEC is medium level which is 28.5 meq/100gsoil.  The soils have very high level of potassium with an average value of 2.1 meq/100g soil. The exchangeable calcium is between 12.5 and13.6 meq/100g soil, which can be rated as high level. The exchangeable magnesium is medium (2.5 meq/100g sil.  The content of phosphorus is low, which is at trace level and requires application of phosphorus fertilizer. Salinity and sodicity of the study area are at low level.  Therefore they would not cause of limitation for plant growth. Therefore the fertility status of the whole soil units is medium to high level.

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

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

During the application of inorganic fertilizers balanced dose of macro-nutrient particularly NPK should be added in the form of fertilizers, but it has to be taking into account the availability of nutrient already present in the soil, crop requirement and other factors. 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. 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.

[bookmark: _Toc466023229][bookmark: _Toc433564874]8.3. Soil Acidity

The soils of the studied area are acidic.The pH value of surface varies from 4.7 to 5.2 with mean value of 5.0 and in the pH value of the.The land managers can manage soil acidity by raising the pH to a desired value through the following methods: 
· Additions of organic matter: Additions of organic matter is a viable option to manage problems associated with soil acidity. 
· Organic matter increases the cation exchange capacity of the soil. As the base saturation increases, the relative amount of “acid cations” decreases;
· In addition, organic matter forms strong bonds, known as “chelates,” with aluminum. Chelation reduces the solubility of aluminum and soil acidity. Again, if your soil is prone to manganese toxicity, it is not suggested that you add organic matter.
· Incorporation of different organic substances;
· Crop residue incorporation;
· Use of farm yard manure like animal dung;
· Additions of wood ash: Like organic matter, wood ash increases base saturation and forms chelates with aluminum.

[bookmark: _Toc460180200]Conventional Liming: Various liming materials may be added to the soil that neutralize, or counteract, soil acidity. A lime is defined as any calcium containing material which can be added to the soil to increase the soil pH, which can be added to the soil to increase the soil pH. There are different kinds of liming materials available. The most common of these are: Calcites limestone CaCO3. Examples of common liming materials are limestone (calcium carbonate), dolomite (calcium/magnesium carbonate), hydrated lime (calcium hydroxide), and quicklime (calcium oxide). Calcium and magnesium silicates are also used as liming agents.

Liming materials are bases that react with hydrogen ions in the soil solution to form water. In the tropics liming is usually only aimed at preventing Al toxicity, by rising to the pH to about 5.5. The required application of limestone is intended to raise the pH of the top 15 cm of soil through either incorporation or surface application.In the tropics liming is usually only aimed at preventing Al toxicity, by rising to the pH to about 5.5. The required application of limestone is intended to raise the pH of the top 15 cm of soil through either incorporation or surface application.In the case of tropical countries increasing the lower pH level up to 5.5 is enough and based on the soil texture the following lime rate is recommended on manual’s ‘’Simple And Practical Methods To Evaluate Analytical Data Of Soil Profiles, Frank Beernaert INIA, Department of Land and Water FAO 86/010 Maputo, Mozambique, 1990’’. 

Table 8. 1 The Amount of limestone powder (Ton/Ha) to raise the pH
	S.No
	Soil Texture
	From pH 4.3 to 5.5

	1
	Sand or Loamy Sand
	0.7

	2
	Sandy Loam
	1.2

	3
	Loam
	1.8

	4
	Silty Loam
	2.8

	5
	Clay
	3.7

	6
	Peat
	8.2



Since the overall texture of Abshika area is clay, hence the overall amount of lime was calculatedto be 3.7 ton of CaCO3 per hectares, which is equivalent 581 tons of lime for the total command area.

The following cares should be taken during application of lime:
· Apply the lime on plowed farm plot along the   wind direction, but if possible decide the time of      application to be in the absence of wind;
· Do not leave the applied lime for a long period of time without incorporation of the applied lime in the soil. 

Since lime is fairly slow to react in soil recommend amounts should be applied as early as convenient; liming materials take 2- 6 months or more before needed for a crop to ensure optimum reaction time. One of the best methods of application is to broadcast the lime and thoroughly mix it with the soil during tilling and to repeat the application once in three or four years (upon soil test). The excessive use of lime may induce deficiencies of K, Mg, Fe, Mn, Zn, and Cu, so care should be taken to prevent over liming.
	
[bookmark: _Toc466023230]8.4 Soil Cultivation

The soils identified the project area are heavy textured, imperfectly drained and difficult to work. The poor physical properties of the heavy textured soils are aggravated by poor timing of field operation under land preparation.  Soils should be ploughed when the soil moisture content is not too high or too low.  Taking heavy tractors and ploughing on the land when conditions are too wet will result in increasing bulk density, and surface crusting, reducing soil aeration surface infiltration and soil permeability through compaction. Ploughing can be done 7 - 14 days after heavy rain is recommended.  This plough incorporates the crop residues completely improving porosity and organic matter in the whole of the plough layer.

[bookmark: _Toc466023231]8.5 Soil erosion
In the surveyed area have been noted moderaterill and gully erosion. The main reason of the occurrence of the soil erosion is steep slope gradient; hence 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 0-4%.  Since significant proportion of the project area situated on sloping topography (slope over 4-20%) and the soils are fragile soils may aggravate the rate of soil erosion. Therefore, in order to prevent or minimize soil erosion, appropriate physical soil conservation techniques should be executed in the studied area. The physical soil conservation measures must include physical structure such as soil or stone bunds and bench terrace in line with agronomic measures especially agro forestry.  

[bookmark: _Toc466023232]8.6 Irrigation Management

Furrow irrigation can be used on flat land (short, near horizontal furrows), and on mildly sloping land with a slope of 2%. On steeper sloping land, contour furrows can be used up to a maximum land slope of 6%. A minimum slope of 0.05% is recommended to assist drainage. 

Sprinkler irrigation is adaptable to any farmable slope, whether uniform or undulating. Sprinkler irrigation is a method of applying irrigation water which is similar to natural rainfall. The lateral pipes supplying water to the sprinklers should always be laid out along the land contour whenever possible. This will minimize the pressure changes at the sprinklers and provide a uniform irrigation. Sprinkler irrigation is suited for most row, field and tree crops and water can be sprayed over or under the crop canopy. In general on steep land sprinkler irrigation system must be used because furrows will break over the lower side as a result the area would be affected by sever soil erosion and could occur gully erosion.  

If in the command area will employ surface irrigation system may aggravate the rate of soil erosion, because substantial proportion of the project area is covered by sloping topography (slope over 6%).  Therefore, overhead irrigation system in particular sprinkler with proper soil and water conservation measures would be appropriate for the command area.  On up to 20% slope can be sprinkler irrigation would be effective.
[bookmark: _Toc466023233][bookmark: _Toc454780298]9. CONCLUSION AND RECOMMENDATION

[bookmark: _Toc466023234]9.1 Conclusion

Detailed soil survey was carried out in 157 ha in Abishika Small Scale Irrigation Project. In the present study, the physical and chemical characteristics of soil were studied.  According to FAO– classification 1 major soil unit was identified. The identified major soil unit is Cambisols. The soils of project area we regrouped into 5 soil mapping units.

The content of organic carbon of the area is very high (3.3%). The level of nitrogen is high with value of 0.35%.  The soil reaction is very strongly acidic (pH=4.7-5.2). The CEC value of the project soil types is medium (26.4- 30.5 meq/100g soils).    The BSP is high level (66%). The content of phosphorus is very low (2.4 ppm) and needs fertilizer application.   The soils have high exchangeable Ca with value that ranges from 12.5 to13.6 meq/100g soil. While exchangeable Mg is moderate with value of 2.63 and 2.8 meq/100 grams soil. The reserve of K is very high (1.7 – 2.6 meq/100g soils).  The soil salinity and sodicity was very low. The bulk density of the soils is 1.35 g/cm3.

The infiltration and hydraulic conductivity is 0.11 cm/hour and 0.12 m/day. The value of available water holding capacity of soils within the study area is at 204 mm/m, representing that the AWC is to very high level. The major constraints of the area are the occurrence of steep slope, low nutrient level and strong acidity.

As a result of the land evaluation   process it was found that 32 hectares of land marginally suitable (S3z/t) due to high level of pH value and steppe slope for surface irrigation. Meanwhile 51 hectares and 74 hectares of land considered as currently and permanently unsuitable respectively. However, if it would have taken proper techniques it is possible   to upgrade to better suitability level. 

The land was evaluated with respect to its suitability for surface irrigation. As a result of the land evaluation   process it was found to be that 10 ha is to be moderately suitable (6.6%) and  22 ha (about 14%) is found to be marginally suitable (S3t/z) for surface irrigated agriculture, while 86 ha currently unsuitable (N1t) and 39 ha permanently (N2t) not suitable for gravity irrigation due to steep slope and prevalence of strong soil acidity. Meanwhile 51 hectares and 74 hectares of land considered as currently and permanently unsuitable respectively. However, if it would have taken proper techniques it is possible   to upgrade to better suitability level. Like to apply lime to overcome acidity and changing from surface to overhead irrigation. 

[bookmark: _Toc446638305][bookmark: _Toc466023235]9.2 Recommendations

[bookmark: _Toc371670669]Improvement of the existing development limitations requires applying the following amendments:
· Improvement of the existing development limitations requires applying the following amendments:
· To maintain the fertility status Organic and chemical fertilizers must be applied.  Ploughing back of crops residues and mulching should be encouraged to raise very low carbon levels and to improve top soils structure of the soils and competing soil loss. Legumes may also help in getting better topsoil structure, adding nitrogen to soil by fixation from atmosphere and thereby improving the structure of top soils. 
· Exchangeable calcium & magnesium, available phosphorus and the percentage base saturation of the study area have been found to be low. It can therefore, be assumed that the soils of these types within the study area would have high response to the application of fertilizer containing calcium, magnesium, phosphorus and percentage base saturation. 
· Establishing proper anti-erosion structures such as bench terrace, soil bund etc. are necessary to keep the soil and water from removing.  
· Lime application; it improves   acidic soils by increasing of the pH value of the present in the soil. For the total command area estimated to apply about 581 tons of limestone (CaCO3). 
· Mulching of the cultivated land. 
· Applying organic fertilizer. 
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[bookmark: _Toc466023237]APPENDIX1:-AUGER DESCRIPTION OF ABSHIKA SMALL SCALE IRRIGATION PROJECT
	Auger Site Description of Abshika SSIP 

	Region:Oromiya;    Zone :Arsi; Wereda :Sagure: Agrclim Zone: Dega;              Flooding: freq./dur. None Srf. Corse frag. & Rock outcrops: None , Author: Fasil

	ID
	Code
	Status
	Date
	Elevation 
(m.a.s.l)
	Location 
	 
	Land form
	 
	 
	Micro tpoography/ height (m)/coverage%
	Parent material/over
	Effective soil depth(cm)
	Depth to bed rock(cm)
	Surface crack
	Surface Sealing
	Erosion status (T/A/AC/D)
	Drainage: class/ext
	Land cover
	Land use
	Fertilizer:
Type/rate 

	
	
	
	
	
	UTM-N
	UTM-E
	Position
	
	Regional 
	Class
	Form
	
	
	
	
	
	
	
	
	
	
	

	1
	SA1
	AW
	090416
	3021
	855270
	536474
	H
	SH
	S
	07
	I
	D
	CO
	D
	>125
	N
	N
	R/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	2
	SA2
	AW
	090416
	3049
	855247
	536862
	H
	SH
	R
	07
	I
	D
	CO
	D
	>125
	N
	N
	R/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	3
	SA3
	AW
	090416
	3060
	855302
	537040
	H
	SH
	R
	07
	C
	D
	CO
	D
	>125
	N
	N
	R/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	4
	SA4
	AW
	090416
	3070
	855331
	537207
	H
	SH
	U
	06
	I
	LE
	CO
	D
	>125
	N
	N
	R/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	5
	SA5
	AW
	090416
	3069
	855373
	537392
	M
	SH
	R
	07
	V
	D
	CO
	D
	>125
	N
	N
	G/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	6
	SA6
	AW
	090416
	3066
	855443
	537477
	H
	SH
	R
	07
	V
	D
	CO
	D
	>125
	N
	N
	R/3/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	7
	SA7
	AW
	090416
	3064
	855682
	537258
	M
	LP
	G
	05
	U
	D
	CO
	D
	>125
	N
	N
	R/1/A/S
	I/S
	CL2
	CA2
	DAP/200kg/ha

	8
	SA8
	AW
	090416
	3060
	855580
	537303
	M
	LP
	G
	05
	U
	LE
	CO
	D
	>125
	N
	N
	R/1/A/M
	I/S
	CL2
	CA2
	DAP/200kg/ha

	9
	SA9
	AW
	090416
	3048
	855697
	536807
	H
	SH
	R
	07
	C
	D
	CO
	M
	>80
	N
	N
	R/1/A/S
	M/S
	CL2
	CA2
	DAP/200kg/ha

	10
	SA10
	AW
	090416
	3032
	855561
	536512
	M
	LP
	G
	05
	U
	LE
	CO
	D
	>125
	N
	N
	R/2/A/M
	I/S
	CL2
	CA2
	DAP/200kg/ha

	11
	SA11
	AW
	090416
	3039
	855460
	536785
	H
	SH
	U
	06
	U
	D
	CO
	D
	>125
	N
	N
	R/2/A/M
	M/S
	CL2
	CA2
	DAP/200kg/ha

	









Abshika Project  Soil Morphological Description 

	ID
	Code
	Depth
(cm)
	Colour
(moist)
	Mottles
(a/co)
	Texture
	Rock
Fragment 
(a/si)
	Consistency Moist/wet
 (Stic/Plas)
	Cem/Comp
(g/s/na)
	Nodules 
(a/co/h/na/K)
	CaCO3

	1
	SA1
	0-25
	10YR3/3
	N/
	C
	N/
	FR/VST/VST
	N//
	N////
	N

	 
	 
	25-75
	10YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	 
	 
	75-125
	10YR5/8
	N/
	C
	N/
	FR/VST/VPL
	N//
	C/RE/S/Fe/S
	N

	2
	SA2
	0-30
	10YR3/2
	N/
	C
	N/
	FR/VST/VST
	N//
	N////
	N

	 
	 
	30-65
	7.5YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	 
	 
	65-125
	7.5YR5/8
	N/
	C
	N/
	FR/VST/VPL
	N//
	V/RE/S/Fe/S
	N

	3
	SA3
	0-30
	7.5YR2.5/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-70
	7.5YR5/4
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	 
	 
	70-125
	2.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	4
	SA4
	0-25
	7.5YR2.5/2
	N/
	CL
	N/
	FR/ST/PL
	N//
	N////
	N

	 
	 
	25-75
	7.5YR5/8
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	 
	 
	75-125
	2.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	Y/P/C
	N////
	N

	5
	SA5
	0-30
	7.5YR2.5/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-75
	7.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	75-125
	7.5YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/BL/S/Fe/Mn/S
	N

	6
	SA6
	0-30
	10YR3/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-70
	10YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	70-125
	10YR6/8
	N/
	C
	N/
	FR/VST/VPL
	N//
	C/RE/S/Fe /S
	N

	7
	SA7
	0-30
	10YR2/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-70
	10YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	70-125
	7.5YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe /s
	N

	8
	SA8
	0-25
	10YR3/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	25-65
	10YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe/S
	N

	 
	 
	65-125
	7.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	9
	SA9
	0-25
	10YR3/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	25-55
	2.5YR3/4
	N/
	C
	N/
	FR/VST/VPL
	N//
	V/RE/S/Fe/S
	N

	 
	 
	55-125
	2.5YR3/3
	N/
	C
	N/
	FI/VST/VPL
	Y/P/C
	F/RE/S/Fe/S
	N

	10
	SA10
	0-30
	10YR2/1
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-65
	10YR3/4
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/BL/H/Mn/C
	N

	 
	 
	65-125
	7.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	C/BL/H/Mn/C
	N

	11
	SA11
	0-30
	10YR3/2
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	30-75
	7.5YR4/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	N////
	N

	 
	 
	75-125
	2.5YR5/6
	N/
	C
	N/
	FR/VST/VPL
	N//
	F/RE/S/Fe /S
	N








[bookmark: _Toc466023238]Appendix 2: Laboratory Analytical Result of Abshika Small Scale Irrigation Project
	Profile Code
	Depth
(cm)
	PH-H2O 
(1:2.5)
	PH-KCl
(1:2.5)
	EC(ds/m) 
( 1:2.5)
	Sand 
( %)
	Clay (%)
	Silt (%)
	Texture 
Class
	Na
(Cmol(+)/kg)
	K
(Cmol(+)/kg)
	Ca
(Cmol(+)/kg)
	Mg
(Cmol(+)/kg)
	SUM
(Cmol(+)/kg)
	CEC
(Cmol(+)/kg)

	SP-1
	0-30
	4.7
	4.0
	0.56
	37.0
	43
	20
	Clay 
	0.87
	2.56
	12.52
	2.76
	18.71
	26.40

	SP-1
	30-95
	4.6
	3.7
	0.05
	13.0
	25
	62
	Silty Loam
	1.09
	0.38
	7.88
	2.93
	12.28
	20.20

	SP-1
	95-145
	5.1
	4.3
	0.05
	17.0
	19
	64
	Silty Loam
	0.87
	0.38
	6.18
	2.50
	9.93
	16.90

	SP-1
	145-200
	4.9
	4.1
	0.05
	19.0
	15
	66
	Silty Loam
	1.09
	0.51
	6.93
	2.96
	11.5
	23.40



	Profile Code
	Depth
(cm)
	BS(%)
	Ex. Acidity
(Cmol(+)/kg)
	Ex.Al
(Cmol(+)/kg)
	T.N(%)
	OC(%)
	OM
	C/N
	Av.P/PPM
	P2O5

	SP-1
	0-30
	71.0
	0.48
	0.00
	0.35
	3.26
	5.61
	9
	3.88
	8.9

	SP-1
	30-95
	61.0
	0.08
	0.00
	0.06
	0.65
	1.12
	11
	3.52
	8.1

	SP-1
	95-145
	59.0
	0.00
	0.00
	0.04
	0.50
	0.86
	13
	3.60
	8.2

	SP-1
	145-200
	49.0
	0.00
	0.00
	0.02
	0.25
	0.43
	13
	9.02
	20.7


	
	Profile Code
	Depth
(cm)
	PH-H2O 
(1:2.5)
	PH-KCl
(1:2.5)
	EC(ds/m) 
( 1:2.5)
	Sand 
( %)
	Clay (%)
	Silt (%)
	Texture 
Class
	Na
(Cmol(+)/kg)
	K
(Cmol(+)/kg)
	Ca
(Cmol(+)/kg)
	Mg
(Cmol(+)/kg)
	SUM
(Cmol(+)/kg)
	CEC
(Cmol(+)/kg)

	SP-2
	0-40
	5.2
	4.3
	0.08
	35.0
	39.00
	26.0
	Clay Loam 
	0.87
	1.66
	13.62
	2.31
	18.46
	30.50

	SP-2
	40-100
	4.8
	4.1
	0.07
	25.0
	17.00
	58.0
	Silty Loam
	0.87
	0.64
	7.38
	2.91
	11.80
	21.40

	SP-2
	100-160
	5.2
	4.3
	0.07
	13.0
	15.00
	72.0
	Silty Loam
	0.87
	0.70
	8.88
	3.71
	14.16
	18.60





	Profile Code
	Depth
(cm)
	BS(%)
	Ex. Acidity
(Cmol(+)/kg)
	Ex.Al
(Cmol(+)/kg)
	T.NT (%)
	OC(%)
	OM
	C/N
	Av.P/PPM
	P2O5

	SP-2
	0-40
	61.0
	0.00
	0.00
	0.31
	3.31
	5.69
	11
	1.00
	2.3

	SP-2
	40-100
	55.1
	0.08
	0.00
	0.10
	1.04
	1.79
	10
	3.60
	8.2

	SP-2
	100-160
	76.0
	0.08
	0.00
	0.03
	0.40
	0.69
	13
	4.40
	10.1



[bookmark: _Toc466023239]Appendix 3: Soil Profile Description of  Abshika Small Scale Irrigation Project

SOIL PROFILE DESCRIPTION
	Profile code:	SP-01	Mapping unit:	Status: Pit with sample
	
Major soil Type, FAO 2006: Cambisols	Date:	08/04/16
	Author:	Fassil	Coordinate,	Long (N):	855602
	Land form:	Medium-gradient hill	Lat (E):	537002
	Regional slope:	Rolling, strongly sloping	Elevation:	3052
	Slope class:	Sloping	Map sheet:
	Slope form:	Concave	Depth to bedrock:	>200cm
	Position:	Medium	Rock out crops:	None
	Micro topography:	Terraced	S. coarse fragments:	None
	Parent material:	Alluvial deposits	Surface cracks:	None
	Effective soil depth:	Very Deep
	Drainage class:	Moderately well drained	Sealing:	None
	Drainage external:	Slow	Flooding:	None
	Water table (cm):	None
	Erosion status:	Slight rill/ 0-5%/ active at present
	Land cover:	Intensively cultivated land
	Land use:	Fallow system cultivation
	Crops:	Barely, beans, pea, potato
	Fertilizer:	DAP/100kg/ha
	Plant species:	Eucalyptus globulus, Juniperusprocera,oleaafricana, cupressuslusitanica (cypress)

	0-30cm: 	Very dark brown (10YR2/2) when moist; clay loam texture; weak fine and medium platy structure; friable when moist, sticky and plastic when wet; very few fine roots; very few fine pores; non calcareous; clear smooth boundary.
30-95cm:	Brown (7.5YR4/3) when moist; clay texture; moderate medium and coarse sub angular blocky structure; friable when moist; very sticky and very plastic when wet; very few red soft iron in segregation form; very few fine roots; very few fine pores; non calcareous; clear smooth boundary. 
95-145cm:	Strong brown (7.5YR4/6) when moist; clay texture; moderate medium sub angular blocky structure; friable when moist, very sticky and very plastic when wet; few red soft iron in segregation form; few fine pores; diffuse wavy boundary.
145-200cm:	Red (2.5YR5/6) when moist; clay texture; moderate medium sub angular blocky structure; friable when moist, very sticky and very plastic when wet; very few red soft iron in segregation form; few fine pores.
SOIL PROFILE DESCRIPTION
	
Profile code:	SP-02		Status: Pit with sample

	Major soil Type, FAO 2006: Cambisols	Date:	08/04/16
	Author:	Fassil	Coordinate,	Long (N):	855602
	Land form:	Medium-gradient hill	Lat (E):	536664
	Regional slope:	Undulating	Elevation:	3038
	Slope class:	Sloping	Map sheet:
	Slope form:	Concave	Depth to bedrock:	>150cm
	Position:	Medium	Rock out crops:	None
	Micro topography:	Terraced	S. coarse fragments:	None
	Parent material:	Alluvial deposits	Surface cracks:	None
	Effective soil depth:	Very Deep
	Drainage class:	Moderately well drained	Sealing:	None
	Drainage external:	Slow	Flooding:	None
	Water table (cm):	None
	Erosion status:	Slight rill / 5-10%/ active at present
	Land cover:	Intensively cultivated land
	Land use:	Fallow system cultivation
 Crops:	Barely, beans, pea, potato
	Fertilizer:	DAP/100kg/ha
	Plant species:	Eucalyptus globulus, Juniperusprocera, olea Africana

	
0-40cm: 	Dark brown (10YR3/3) when moist; clay loam texture; weak fine and medium platy structure; friable when moist, sticky and plastic when wet; very few fine roots; very few fine pores; non calcareous; clear smooth boundary.
40-100cm:	Strong brown (7.5YR4/6) when dry; brown (7.5YR4/4) when moist; silty clay loam texture; moderate fine and medium sub angular blocky structure; firm when moist; slightly sticky and slightly plastic when wet; platy clay compaction; few fine roots; few termite or ant channels; few fine pores; non calcareous; diffuse wavy boundary. 
100-160 cm:	Brown (7.5YR4/3) when moist; silty clay loam texture; fine and medium sub angular blocky structure; very firm when moist, slightly sticky and slightly plastic when wet; platy clay compaction ; few red soft iron in segregation; few termite or ant channels; few fine pores; non calcareous.
Remark:     Due to compaction, the soil depth limited at 160cm 
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Soil
Mapping Unit Description

Very deep, very dark brown (10YR212) in color; clay texture, moderately.
drained, weak medium platy structure, friable when moist, sticky and
plastic when wet, strongly acidic occur on very gently undulating plain

with slope range 0f 0 — 4% (Haplic Cambisols (Eutric, Siltic) (Area = 10.3 ha)

Very deep, Dark brown (10YR313) in color, clay loam in texture, moderately
drained, weak medium platy structure, friable when moist, sticky and
plastic when wet, strongly acidic occur on undulating plain with siope
range of 4 - 6% (Haplic Cambisols (Eutric, Siltic)) (Area = 8.9 ha)

Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately
drained, weak medium platy structure, friable when moist, sticky and plasti
when wet, strongly acidic occur on moderately undulating topography with
slope range of 6 -8% (Haplic Cambisols (Eutric, Siltic)) (Area = 13.0 ha.)

Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately
drained, weak medium platy structure, friable when moist, sticky and plastic|
‘when wet, strongly acidic occur on rolling topography with slope range of
845% (Haplic Cambisols (Eutric, Siltic)) (Area = 85.0 ha.)

Very deep, Dark brown (10YR3/3) in color, clay loam in texture, moderately
drained, weak medium platy structure, friable when moist, sticky and
plastic when wet, strongly acidic occur on moderately steep side slopes
topography with siope range 15 and 30% (Haplic Cambisols (E utric, Silic))

(Area = 38.8 ha)
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Land Suitability Map for Overhead Irrigation of SSIP
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