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[bookmark: _Toc4121161]EXCUTIVE SUMMARY
Growth and transformation plan II (GTP II) With regard to Irrigation Development, indicated that activities will be carried out to ensure sustainable agricultural development enhancing its productivity through improved water utilization and agro-ecological based irrigation schemes. Likewise as proposed in the plan Over 4 million hectare of land will be developed by strengthening irrigation works that can be undertaken by smallholder farmers during the GTP II period. Therefor Oromia Irrigation Development Authority (OIDA) commences study, design and constructions of small scale irrigation projects in the region with better commitment in order to realize the GTP II plan. Hence, Birbirsa small scale irrigation project is one of the proposed scheme and recently started assignment by AYJEF Water Works and Business Service PLC as consultant per contracted agreement with OIDA. Hence, the soil survey and land evaluation was undertaken and mapped at scale of 1:20,000.
Ethiopia is naturally endowed with water resources that could easily satisfy its domestic requirements for irrigation and hydropower, if sufficient financial resources likely made available. Hence, the current small scale irrigation development project of Birbirsa should be one of the essential tools for the utilization of this ample natural resource in order to realize the growth and transformation plan (GTP) of the project area in particular and the country at large. Indeed, multi-disciplinary studies and design works have been conducted in the Birbirsa irrigation development project for sustainable production. Soil survey is one of the studies that had been undertaken for the project. Actually, by applying appropriate data collection methods, the soil survey has come up with findings of the study, which can be depicted as follows.
This report presents the findings of a soil survey carried out at Birbirsa small scale irrigation project site in February 2018 over a study area of 79 hectare. The intended project area is one of the kebele of Guto Gida district which is located in the Oromia regional state at about 330 km from Finfinnee. The purpose of the survey was to provide feasibility-level information about the land and soils and, from analysis of this information, to assess the suitability of the land for irrigated agricultural development. Thus, helps to identify potentials and constraints of the area and assigning the lands for its best use through land evaluation. In view of this, the soil survey of Birbirsa small scale irrigation Project was undertaken. 
In this survey the soil auger hole density of one in ten hectare was selected on a free grid pattern. Soil profile was described all major soil units that identified based on findings of auger descriptions. Moreover correction of unit boundaries was carried out during auger observation, data interpretation and boundary delineation. 
Mapping of the soil type distribution and soil mapping units of the study area through soil boundary delineations was made using the collected auger observation data, satellite image interpretation, and additional field visit with in the study area. Representative sites for profile pit, infiltration and hydraulic conductivity test were selected and the necessary observations were taken for each soil mapping unit. The soil classification was carried out using the revised world reference base for soil resources (WRB, 2006).
The major soil is divided in to two (2) soil units Fluvisol and Haplic Fluvisol having area coverage of 80% and 20% respectively. The study identified two soil units based on those parameters of the soils important for use and management such as slope percent, effective depth and texture.
The soils of the study area have got considerable potential for irrigated agriculture with surface irrigation methods. Accordingly, the intended project area is found to be moderately suitable for surface irrigation. Similarly, the outcomes of crop suitability assessment indicate that the command area is moderately suitable for Onion, Pepper, Cabbage, Sweet potato, Potato, Tomato and Maize production. The suitability result showed that most of the correctable limiting constraints of the land units are poor drainage class mainly caused by existence of ground water at shallower depth which could be amended through irrigation interval adjustment and the application of considerable management practices.
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1. [bookmark: _Toc4121162]Introduction
1.1. [bookmark: _Toc430955669][bookmark: _Toc431282702][bookmark: _Toc432480721][bookmark: _Toc432503603][bookmark: _Toc4121163]Back Ground 
Soil is the world’s natural resource and a soil map is a spatial representation of these resources. Therefore, soil map is fundamental and should be the starting point when planning every type of land use whether it is for irrigation agriculture, forestry, settlements or house construction and like. 
The efficient use of land and water resources by the development of irrigation facilities could lead to substantial increases in food production in many parts of the world. The process whereby the suitability of land for irrigated agriculture assessed is called land evaluation.  
The soil survey and land evaluation of Birbirsa small scale irrigation Project conducted at  1:20,000 scale to an appropriate depth of 200cm to examine the physical and chemical characteristics of the soil within the command area and to evaluate the suitability of the area for irrigation development. Based on the TOR provided and our extensive experience the soil survey and land evaluation assignment was performed to the appropriated and standardized soil survey scale.
The soil auger hole density was one in ten hectare being selected on a free grid pattern. Soil profile describing all major soil units that were identified based on findings of auger descriptions. Thus the studies conducted at different intensity and scales. Moreover, issues which need consideration and action points were also identified and incorporated in the assignment for the effective and efficient proceeding of the intended studies. In addition, this draft report is impartial document and as highly structured version of the term of reference which is prepared as per the contract agreement document. The objectives, materials and methods of soil and land evaluation for irrigation development project are briefly described below.
[bookmark: _Toc430955670][bookmark: _Toc431282703][bookmark: _Toc432480722][bookmark: _Toc432503604]The proposed command area of Birbirsa SSIP covers about 79 hectare which is proposed to use Birbirsa River as water source for surface irrigation which supplies water of good quality. The study area extensively practices Bone production and cultivated maize crop in most cases currently. 
1.2. [bookmark: _Toc454850135][bookmark: _Toc4121164] Review of Reconnaissance Soil Survey
The overall objective of the reconnaissance soil survey was to identify, characterize, and map the soils of the project area. The major soil of the study area is Fluvisol developed on the plain land form situated in valley bottom.  Topographically the study area is characterized by level plain land form.  The soils are imperfectly drained, dark reddish brown to reddish brown, moderately developed, Sab Angular blocky structure. 
2. [bookmark: _Toc4121165]Objectives of Soil Survey and Land Evaluation
2.1. [bookmark: _Toc468679849][bookmark: _Toc468680328][bookmark: _Toc468681081][bookmark: _Toc4121166]General Objective
The general objective of soil survey and land evaluation for irrigation development project is to investigate the soil within command area and characteristics for assessing suitability of land resources for irrigated agricultural development. Furthermore to identify the various topographic forms, soil types, present land use assessment and evaluating the existing land use pattern and serve as a basis for assessment of land and crop suitability for irrigation.
2.2. [bookmark: _Toc468679850][bookmark: _Toc468680329][bookmark: _Toc468681082][bookmark: _Toc4121167]Specific Objectives
· To determine the distribution of different soil types over the project area
· To provide basic soil data to facilitate irrigation design work carried out in the project area.
· To offer detail soil information of the command area as a ground for ratifying or rejecting the soils potential for surface irrigated agriculture.
· Produce soils and land suitability maps at scale of 1:20,000.
· To collect and review previous land resource survey data, soil mapping units and dominant soil types
·  To characterize land mapping units of previously surveyed land resources in terms of land qualities and characteristics needed for irrigation development.
· To evaluate land mapping units  in terms of land qualities and characteristics to conduct land evaluation for irrigated agriculture




3. [bookmark: _Toc238520706][bookmark: _Toc238972579][bookmark: _Toc468679853][bookmark: _Toc468680332][bookmark: _Toc468681085][bookmark: _Toc4121168] DESCRIPTION OF THE PROJECT AREA
3.1. [bookmark: _Toc4121169]Location 
The proposed project area is one of the kebele of Guto Gida district of East Wolega zone which is located in the Oromia regional state at about 330 km from Finfinnee, and it covers an area of 61 hectares. The proposed irrigation project command area is inaccessible from the wereda capital Nekemte town and situated at a distance of 6km.  The proposed irrigation project area is found in Negeso kebele located between 090 02’447” N latitude and 360 33’185” E longitudes. The source of water for this irrigation project is Birbirsa river that found at a distance of 6KM from Nekemte in South direction.  
[image: C:\Users\user\Desktop\Birbirsa SSIP Administrative Location.tif]
[bookmark: _Toc2627419]Figure 1 : Administration Location of Birbirsa SSIP


3.2. [bookmark: _Toc520272258][bookmark: _Toc4121170]Climate
The main climatic information that is most important for this study is rainfall and temperature.  Others like evapotranspiration, relative humidity, solar radiation are subsidiary for planning. Moreover, the importance of such climatic data can be implied from rainfall and temperature. The monthly rainfall within and nearby areas of the watershed was collected from available metrological stations.
Climate is one of the components of an environment that determines formation and characteristics of natural vegetation, crop production and other farming systems of a particular area. Depending on the consecutive mean rainfall, the climate of the study area is classified as sub humid with length of the growing period (LGP) of 210 days (revised agro-ecological classification, 2005).The Nekemte  meteorological station is  located close to the irrigation command area and is relatively reliable source of information on climatic data. Accordingly, monthly records of rainfall from 1999 to 2014 have been obtained from the meteorological station whereas maximum temperature and minimum temperature for the years of   1998 to 2015 and sunshine hours for the year of 2009 to 2014 and relative humidity from 2008 to 2015had been analyzed from the station .On the other hand, wind speed had been derived by New_ Localism_ 1.10 software. 
[bookmark: _Toc400093056][bookmark: _Toc449104215][bookmark: _Toc470523070][bookmark: _Toc486588362][bookmark: _Toc517681274][bookmark: _Toc520272231][bookmark: _Toc2627184] Table 1: Summary of Meteorological Characteristics and ETO of Project Area
	Month
	Min Temp
	Max Temp
	Humidity
	Wind
	Sun
	Rad
	ETo

	
	°C
	°C
	%
	km/day
	hours
	MJ/m²/day
	mm/day

	January
	12.2
	26.1
	62
	130
	8.5
	20.1
	3.98

	February
	13.5
	28
	57
	147
	8.4
	21.2
	4.59

	March
	14.3
	28
	58
	147
	7.8
	21.3
	4.74

	April
	14.5
	27.4
	65
	138
	7.8
	21.5
	4.62

	May
	13.9
	24.9
	79
	130
	6.1
	18.5
	3.73

	June
	12.9
	22.5
	87
	95
	4.9
	16.3
	3.08

	July
	12.8
	21.1
	89
	104
	3.1
	13.8
	2.6

	August
	12.9
	21.1
	90
	95
	2.9
	13.7
	2.57

	September
	12.9
	22.5
	88
	104
	3.6
	14.8
	2.79

	October
	12.9
	24
	79
	147
	6.7
	18.8
	3.57

	November
	12.6
	24.5
	73
	147
	7.5
	18.8
	3.64

	December
	12.1
	25
	68
	147
	7.8
	18.6
	3.67

	Average
	13.1
	24.6
	75
	128
	6.3
	18.1
	3.63




3.2.1. [bookmark: _Toc470770601][bookmark: _Toc486588573][bookmark: _Toc520272259][bookmark: _Toc4121171]Rainfall 
Rainfall needs to be examined in terms of its ability to satisfy crop requirements. By comparing the results with the potential evapo-transpiration, the water available to crops could be determined. For example a positive difference between rainfall and potential evapo-transpiration for the greater part of a growing season would ensure good crop growth. A negative result during the critical growing season would indicate insufficient moisture for that crop or the need for irrigation.
On the other hand, an excess of precipitation over the potential evapo-transpiration during the wet season would indicate the importance of drainage. A study of the rainfall intensity (quantity over a given period of time) would give an indication of the potential water erosive or of the runoff to be expected and of the dimensions which would have to be given to surplus water disposal channels etc.
Some qualitative aspects of precipitation are also worthy of attention: for example, the duration and frequency of hail storms, in relation to the periods when the land is occupied by crops, or the occurrence of rain storms associated with strong winds, etc.
Even though it is erratic and showing differences among consecutive years, the rainfall type is mono modal that gives maximum rainfall in the month of August (398.0
mm) and the mean minimum rainfall is recorded in January (10.2mm).
[bookmark: _Toc517681275][bookmark: _Toc486588363][bookmark: _Toc470523071][bookmark: _Toc520272232][bookmark: _Toc2627185]Table 2 : Analytical Moisture Balance of the Study Area.
	 
	Jan
	Feb
	March
	April
	May
	June
	July
	Aug
	Sep
	Oct
	Nov
	Dec

	PET
	116.4
	118.2
	138.9
	141.3
	121.6
	99.3
	86.4
	89.9
	95.3
	117.8
	114.1
	114.2

	0.5PET 
	58.2
	59.1
	69.45
	70.65
	60.8
	49.65
	43.2
	44.95
	47.65
	58.9
	57.05
	57.1

	RF
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1999
	42.4
	2.4
	0.6
	94.8
	382
	331.1
	194.9
	250.9
	238.2
	338.7
	23.8
	8.9

	2000
	0.3
	0
	2.9
	107.2
	224.9
	509.3
	332.2
	540.9
	240.8
	138.8
	19.2
	19.7

	2001
	0
	26.4
	50.8
	83.6
	240.8
	349.6
	336.2
	352.4
	267.4
	168.8
	16
	50.2

	2002
	24.9
	21.1
	74.3
	106.2
	77.4
	376.8
	427.3
	260.3
	186.9
	117.6
	0.2
	33

	2003
	0.3
	47.5
	54.9
	21.3
	55.1
	422.9
	429.7
	439
	312.9
	18.9
	25.5
	9.5

	2004
	7.2
	6.9
	12.7
	76.6
	206.3
	286.6
	409.9
	433
	248.9
	71.9
	20.2
	11.9

	2005
	9.5
	0
	131.5
	60.3
	241
	387.4
	346.2
	438.8
	355.6
	219.9
	58.5
	0

	2006
	0.5
	4.8
	56.6
	71.3
	209.4
	350.6
	476
	339.1
	278.3
	213.8
	50.4
	88.6

	2007
	4.7
	54.4
	47.8
	141.7
	217.5
	462.6
	355.6
	447.4
	297.8
	86.7
	56.8
	0

	2008
	13.1
	0
	0.1
	227.4
	368.3
	416.7
	412.1
	384.9
	301.7
	235
	82
	0

	2009
	0
	22.7
	35.5
	173
	97.9
	314.5
	251.5
	395.7
	412.1
	286.2
	15.3
	18.4

	2010
	7.1
	25.6
	3.5
	27.6
	532.7
	518.3
	450.9
	318.7
	366.8
	133.6
	81.3
	16

	2011
	42
	2
	51.7
	77.8
	265.4
	403.4
	259.3
	418.2
	349.4
	82.1
	57.4
	1.7

	2012
	0
	0
	26.9
	32.2
	251.9
	307.4
	399.8
	593.8
	314
	99.4
	68.8
	15.1

	2013
	11.7
	3.3
	23.4
	5.9
	404.1
	357.1
	392.7
	293.9
	301.5
	91.9
	79.8
	0

	2014
	0
	3.8
	56.8
	149.5
	536.4
	435.6
	360.2
	460.2
	276.6
	209.6
	31.4
	0

	 
	163.7
	220.9
	630
	1456.4
	4311.1
	6229.9
	5834.5
	6367.2
	4748.9
	2512.9
	686.6
	273

	Mean RF
	10.2
	13.8
	39.4
	91.0
	269.4
	389.4
	364.7
	398.0
	296.8
	157.1
	42.9
	17.1

	SD
	166.3
	165.9
	164.0
	162.4
	163.6
	166.5
	164.4
	160.1
	123.3
	80.7
	27.8
	22.8

	CV
	16.3
	12.0
	4.2
	1.8
	0.6
	0.4
	0.5
	0.4
	0.4
	0.5
	0.6
	1.3



The rainfall data shows both systematic and irregular variations during onset and offset over time. These variations play significant role in adapting farming systems and thus productivity. The characterization of systematic variations in the rainfall data is important; not only in long term agricultural planning but as basis for long range forecasts.
Understanding the year-to-year variation of rainfall is very important not only for crop production but also for planning in agricultural development and hydrological management. Coefficient of variation as a tool provides a measure of months for consecutive years and for causative years to see the level of variation. Generally, rainfall in the study area is generally characterized by high variability (C.V.> 30 %) indicating that the rainfall pattern is less dependable. 
3.2.2. [bookmark: _Toc486588574][bookmark: _Toc520272260][bookmark: _Toc4121172]Temperature 
Air temperature is the most important climatic variable that affects plant life. Each species and variety of plants and each age group of plants has its own upper and lower temperature limits. Beyond these limits, a plant becomes considerably damaged and may even be killed. Therefore, temperature should be considered while dealing with agricultural planning of an area. The mean maximum temperature ranges between 21.10c to 28.10c and the mean minimum from 12.10c to 14.50c
The highest mean maximum temperature in the area is recorded in the month of February and March and the highest mean minimum is in the month of march and April. Generally, the temperature condition of the area is suitable for growth and maturation of crops.

[bookmark: _Toc470770603][bookmark: _Toc516676648][bookmark: _Toc486588431][bookmark: _Toc520203421][bookmark: _Toc2627420]  Figure 2 : Max. versus minimum temperature 
3.2.3. [bookmark: _Toc486588575][bookmark: _Toc520272261][bookmark: _Toc4121173]Relative Humidity
Relative Humidity (RH %), the water vapor contained in the atmosphere, is expressed as the percentage of the ratio of actual to saturation vapor pressure. This, together with wind, gives an indication of drying power of the air important for drying and storage of crops, while fluctuations in values often affect the incidence of plant diseases as well as the safe storage of harvested crops.
The mean monthly relative humidity in the study area varies from 56 % in the month of February to 90 % in the month of August. It is inversely related to temperature of the area whereby it shows an increasing trend when the temperature decreases and viseversal.

[bookmark: _Toc516676649][bookmark: _Toc486588432][bookmark: _Toc520203422][bookmark: _Toc2627421]Figure 3 : RH verse temperature 
3.2.4. [bookmark: _Toc486588576][bookmark: _Toc470770604][bookmark: _Toc520272262][bookmark: _Toc4121174] Wind Run 
A study of the velocity, frequency and direction of winds is important as regards of the rate of transpiration of crops, or the necessity of planting wind breaks. Both maximum and minimum wind speed is significant in crop performance especially in the late development stage. Occurrence of strong winds may result in lodging. 
The study area exhibits high wind in the months of October to march besides to the highest mean maximum temperature   creating an increase in the loss of moisture in the form of vapor while it drops in the times of peak rainy season .Generally, availability of the strong wind and temperature negatively affect the availability and distribution of rainfall in the area. 
3.2.5. [bookmark: _Toc486588577][bookmark: _Toc470770605][bookmark: _Toc520272263][bookmark: _Toc4121175] Sunshine Hours 
Daily length/ sunshine hours are very important in photosynthetic plant growth and estimation of crop water requirement. The study area experiences sunshine hours varying from highest (8.5hrs /day) in January to lowest (2.9 hrs /day) in august. It is relatively positively correlated with temperature whereby temperature rises up with long duration of sunshine hours and viseversal having significant influence on the growth and maturation of crops.

[bookmark: _Toc516676650][bookmark: _Toc486588434][bookmark: _Toc470523138][bookmark: _Toc520203423][bookmark: _Toc2627422]Figure 4 : Sunshine hours of the command area 
3.2.6. [bookmark: _Toc486588578][bookmark: _Toc470770606][bookmark: _Toc520272264][bookmark: _Toc4121176] Length of Growing Season
The length of growing period could give a highlight about the potential crops and varieties to be considered to develop crop basket for the given area. The growing period analysis is based on rainfall, potential evapo-transpiration and soil moisture storage capacity.
Length of Growing Period (LGP) of the study area was determined by mean rainfall and half potential evapo-transpiration (0.5PET). From the comparison of mean rainfall and half potential evapo-transpiration (0.5PET), LGP was obtained where the amount of rainfall exceeded half PET and addition of some days until the stored water was evaporated (i.e. the dates starting from the point when RF curve cross 0.5 PET and up to it goes down (RF curve crosses 0.5 PET again) was considered as LGP period of the area adding of some days needed to evaporate the stored moisture in the soil depending on dominant soils of the area.


[bookmark: _Toc516676651][bookmark: _Toc486588435][bookmark: _Toc470523139][bookmark: _Toc436653596][bookmark: _Toc520203424][bookmark: _Toc2627423]Figure 5 : LGP of the command Area.
Accordingly, the rainfall pattern in the area is mono modal and there are almost 210 growing days in which the crops can be sown /planted and grown successfully.
Almost from November to march is dry period and crops cannot be grown without full  irrigation apart from recession farming area which need supplemental irrigation  .This was also confirmed during the site visit and discussion with concerned stakeholders and local community. Generally in accordance with the revised agro-ecological classification, 2005 the project area is classified in the range of sub humid agro-ecological classification.
3.3. [bookmark: _Toc468679854][bookmark: _Toc468680333][bookmark: _Toc468681086][bookmark: _Toc4121177]Topography
The project area is one part of Dhedhessa sub basin having uniform drainage towards Dhedhessa River. The general slope of the study area is made up of uniform landforms from flat to very gently slop (0-2%) topography.
3.4. [bookmark: _Toc179884570][bookmark: _Toc180481963][bookmark: _Toc180551124][bookmark: _Toc180564555][bookmark: _Toc197840147][bookmark: _Toc201641079][bookmark: _Toc201641474][bookmark: _Toc205016301][bookmark: _Toc238520708][bookmark: _Toc238972581][bookmark: _Toc454850139][bookmark: _Toc4121178] Land Use and Land cover
The major land use and land cover of the area is characterized by intensive annual crop production. Agriculture is the base of the project area. It is estimated that more than 90 % of the communities in the project area are supported directly on agriculture which are almost entirely rain fed farming and livestock husbandry. Hence irrigation agriculture is not widely practiced in the area so far except in smallholder level by means of traditional diversion and water pump with very few number of small scale irrigation schemes. Similarly Bone farming is practiced along river depression area in near of the end of dry season in addition to rain fed agriculture practice in the proposed irrigation project area.

[bookmark: _Toc2627186][bookmark: _Toc471342330]Table 3: Major Land Use of Birbirsa Small Scale Irrigation Project
	Land use/Land cover types
	Area coverage (ha)
	Area coverage (%)

	Cultivated land
	61
	100

	Total
	61
	100


[bookmark: _Toc146993966][bookmark: _Toc487281546][bookmark: _Toc495408698][bookmark: _Toc497243828]
















4. [bookmark: _Toc4121179]SCOPE OF THE SURVEY
· Free survey techniques were performed to examine the physical and chemical characteristics of the soil within the command area and to evaluate the suitability of the area for irrigation development;
· Standard soil observation to the depth of 2 meters unless restricted by lithic contact, auger observation to 1.2 meters unless restricted by barrier layer ;
· FAO guideline (2006) and WRB (2014) were used to describe soil and land characteristics;
· Review and  verify the previous studies in the area;
· The chemical characteristic of the soil laboratory result was analyzed ;
· Secondary data and previously studied  soil survey document collection and reviewing to investigate  the  available data for undertaking  the intended study of irrigation project;
·  Identify and analyze constraints and potentials of soil mapping units to offer recommendation and management option in line with proposed project area
· Previous soil survey data on land qualities such as drainage, depth, color, rockiness, salinity and alkalinity, etc. were collected and reviewed.
· Land evaluation for irrigated agriculture was conducted.
· Produced maps and report of proposed irrigation project area
4.1. [bookmark: _Toc430955684][bookmark: _Toc431282717][bookmark: _Toc432480728][bookmark: _Toc432503608][bookmark: _Toc4121180]Current Situation of the Study Area
Agriculture is the base of the project area. It is estimated that more than 90 % of the communities in the project area are supported directly on agriculture which are almost entirely rain fed farming and livestock husbandry. Hence irrigation agriculture is not widely practiced in the area so far except small plot of land at household level by means of traditional diversion and water pump with very few number of small scale irrigation schemes. Similarly Bone farming is practiced along river depression area in near of the end of dry season in addition to rain fed agriculture practice in western part of the basin.




5. [bookmark: _Toc454850140][bookmark: _Toc4121181][bookmark: _Toc201641081][bookmark: _Toc201641476][bookmark: _Toc205016302][bookmark: _Toc238520709][bookmark: _Toc238972582][bookmark: _Toc430955687][bookmark: _Toc431282720]SOIL SURVEY METHODOLOGY
5.1. [bookmark: _Toc454850141][bookmark: _Toc4121182]General Activities
Free grid survey method was used for assessment of land resources of the areas emphasising land resource data needed for irrigation project. Based on brief assessment made so far, expected potential area for irrigation agriculture was identified.
 Interviews and Discussion
The consultant’s team visited a number of offices relevant to the study and discussions were made with concerned officials about the proposed irrigation project. The offices consulted during field work are given in the table below.
[bookmark: _Toc2627187]Table 4: Stakeholders Consulted and Offices Visited
	S.N.
	Name of contact person
	Address
	Organization and Responsibility
	Telephone Number

	1
	Mr. Yonas 
	Nekemte
	East Wolega Zone Irrigation Development Authority Vice Head
	

	2
	Mr. Kedir Husen
	“
	Guto Gida District Irrigation Agriculture Coordinator 
	
0917033088

	3
	Mr. Asefa Gilo
	“
	Negeso Kebele Manager
	0917838003

	4
	
	
	
	

	5
	
	
	
	



In order to achieve the specific objectives of the study all suitable and appropriated methodologies were used.  Moreover reconnaissance studies which are relevant to this study were fully reviewed and combined. The methodologies followed for the soil survey were designed to conform to the scope of the study. The whole survey procedure consists of three stages, namely pre-field stage, fieldwork, and post-field work. 
5.2. [bookmark: _Toc454850142][bookmark: _Toc4121183]Pre-Field Work
At pre-field work stage the duties covered were the reconnaissance soil survey, preparation of survey plan and collection of other related documents. The review focused on the evaluation of the objectives and methodologies, their outputs in terms of data, maps and findings and the means of using them. 
[bookmark: _Toc454850143]Satellite imagery interpretation was carried out following the recommended false color composite band combination for soil survey. A Preliminary soil observation transects and approximate location of profile pits, infiltration and hydraulic conductivity testing sites were laid on the base map. All data were collected systematically in a standardized format easily entered to an MS Excel worksheet that facilitates the sorting, analysis, classification and mapping.
5.3. [bookmark: _Toc4121184]Field work
This is the stage where field soil surveys; soil sampling and verification of aerial photo and interpretation of unit boundaries were carried out. In this survey the soil auger hole density of one in ten hectare was selected on a free grid pattern. Soil profile was described all major soil units that identified based on findings of auger descriptions. Moreover correction of unit boundaries was carried out during auger observation, data interpretation and boundary delineation. 
Profile descriptions on representative sites and soil sampling for laboratory analysis were undertaken. Field investigation of infiltration rate and hydraulic conductivity were conducted through repetitive field activities. All descriptions and observations were recorded according to the FAO guidelines for soil description (FAO, 2006).  Soil color identification was made according to Munsell Color Chart (1975). Dilute HCI test was made to check the existence of carbonates. The locations of profile pits, infiltration and hydraulic conductivity test sites were recorded by GPS.
Representative soil samples were collected from generic horizons depth wise from recently excavated 2 m deep pits, if not restricted by lithic contact. At selected sites, infiltration test using double ring infiltro- meter and permeability test in triplicates using an inverse-auger-hole method were conducted. 
[image: C:\Users\user\Desktop\Birbirsa SSIP Command Area.tif]
[bookmark: _Toc2627424]Figure 6: Birbirsa SSIP Command Area Profile and Auger Description Location

5.4. [bookmark: _Toc180564550][bookmark: _Toc180551119][bookmark: _Toc180481958][bookmark: _Toc179884565][bookmark: _Toc99020095][bookmark: _Toc97963344][bookmark: _Toc97961488][bookmark: _Toc197840141][bookmark: _Toc201641086][bookmark: _Toc201641481][bookmark: _Toc238288088][bookmark: _Toc238520716][bookmark: _Toc238972589][bookmark: _Toc454850146][bookmark: _Toc4121185]Post Field Work Activities
5.4.1. [bookmark: _Toc238286345][bookmark: _Toc238288089][bookmark: _Toc238520717][bookmark: _Toc238534385][bookmark: _Toc238972590][bookmark: _Toc454850147][bookmark: _Toc4121186] Data Compilation and Analysis
All the physical data was collected in the field and the results from laboratory analysis were compiled and entered in the computer database using Microsoft Access, Excel and GIS. This was enabled the preparation of data collection points and their distribution in the command area using GIS.
5.4.2. [bookmark: _Toc329930624][bookmark: _Toc329930970][bookmark: _Toc454850148][bookmark: _Toc4121187]Soil Classification and Mapping
On the basis of information obtained from field auger observations, profile descriptions, infiltration test, HC investigation and laboratory results the classification and identification of the soils were made following the World Reference Base for soil Resources (WRB, 2006). Identification of diagnostic horizons, diagnostic properties and materials were used to characterize of the soils of the study area. For this, the morphological characteristics, physical and chemical properties of the soils were used.
Analysis of field data and laboratory data for each soil mapping unit, description of each soil mapping units, report writing and map production were among the major activities at this stage. 

[bookmark: _Toc2627425]Figure 7 : Soil Survey Procedure
Types of land qualities and characteristics needed for irrigation project
Land qualities and characteristics are used to evaluate land for specific use like irrigated agriculture. The land qualities and characteristics used for the present irrigation project study are standard land qualities and characteristics parameters adopted from FAO. These parameters include topography, oxygen availability, rooting conditions and workability, nutrient availability and nutrient retention, conservation and water application management, salinity/ sodicity hazard, water retention capacity and mechanization (Table 1).

[bookmark: _Toc2627188][bookmark: _Toc430954778][bookmark: _Toc432494428]Table 5: Land qualities and characteristics collected
	№
	Land qualities
	Land characteristics/ diagnostic characterstics

	1
	Topography or land form
	Slope

	2
	Oxygen availability/ aeration
	Soil drainage classes

	3
	Rooting condition and workability
	Effective soil depth, stone and gravels, rock outcrops, texture, structure, consistency

	4
	Nutrient availability and retention capacity
	ECE, top soil total N, available P, OM, pH and etc.

	5
	Conservation or erosion hazard and water application management
	Slope

	6
	Nutrient toxicity (salinity and sodicity)
	EC of saturated extracts and ESP 

	7
	Water holding  capacity
	Soil depth and texture

	8
	Mechanization
	Slope angle, rock hindrance and stoniness


[bookmark: _Toc430955688][bookmark: _Toc431282721][bookmark: _Toc432480730][bookmark: _Toc432503610]



6. [bookmark: _Toc454850149][bookmark: _Toc4121188]SOILS OF THE PROJECT AREA
6.1. [bookmark: _Toc454850150][bookmark: _Toc4121189]General
[bookmark: _Toc238286355][bookmark: _Toc238287554][bookmark: _Toc238288099][bookmark: _Toc238520727][bookmark: _Toc238534395][bookmark: _Toc238699513][bookmark: _Toc238972601]Soil types had been defined on the basis of soil physical properties (such as texture, depth, soil color, coarse material, etc…), soil chemical characteristics (CEC, pH, etc…). Although there was some variability in soil physical properties such as in soil color, texture and coarse fragments over short distance, they are very limited in their area extents, meaning it is not always possible to map individual soil types. Sometimes several soil types or phases occur in a small area and cannot be delineated as separate map unit. 
[bookmark: _Toc238520728][bookmark: _Toc238972602][bookmark: _Toc454850151][bookmark: _Toc4121190]6.2. Site description and morphological characterization of dominant soil types
FL (FLUVISOLS)
Fluvisols accommodate generally young, azonal soils in alluvial deposits. The name fluvisols may be misleading in the sense that these soils are not confined only to river sediments (Latin fluvius, river); they also occur in lacustrine and marine deposits. Many fluvisols correlate with: Alluvial soils (Russian Federation); Hydrosols (Australia); Fluvents and Fluvaquents (Unite States of America); Auenboden, Marschen,Strandboden, Watten and Unterwasserboden (Germany); Neossols (Brazil); and Sols mineraux bruts d’apport alluvial on colluvial or Sols peu evolues non climatiques d’apport alluvial on colluvial (France). 
Parent material: Predominantly recent, fluvial, lacustrine and marine deposits. Environment: Alluvial plains, river fans, valleys and tidal marshes on all continents and in all climate zones; many fluvisols under natural conditions are flooded periodically. 
[bookmark: _Toc319523232][bookmark: _Toc323253584][bookmark: _Toc329930626][bookmark: _Toc329930972][bookmark: _Toc454850152][bookmark: _Toc4121191]6.3. Major Soil Types in the Project Area
Based on the procedures and methods of soil classification, the major soil type was identified in the study area. 
[bookmark: _Toc454850153][bookmark: _Toc4121192]6.3.1. Fluvisols
It is recently deposited soils. Depositional rather than pedogenetic profiles.
Fluvisols accommodate generally young, azonal soils in alluvial deposits. The name fluvisols may be misleading in the sense that these soils are not confined only to river sediments (Latin fluvius, river); they also occur in lacustrine and marine deposits.
Profile Development: Profiles with evidence of stratification weak horizon differentiation but a distinct topsoil horizon present. 
The command area is commonly dominated by Fluvisols.
[bookmark: _Toc454850154][bookmark: _Toc4121193][bookmark: _Toc238520756][bookmark: _Toc238972636]6.3.2. Haplic Fluvisol
Haplic refers to having a typical expression of certain features (typical in a sense that there is no further or meaningful characterization) and only used if none of the preceding qualifiers applies. It refers to unit with normal horizon sequence.














[bookmark: _Toc454850155][bookmark: _Toc4121194]7. CHARACTERISTICS OF SOILS IN THE PROJECT AREA
[bookmark: _Toc454850156][bookmark: _Toc4121195]7.1. Morphological characteristics
[bookmark: _Toc454850157][bookmark: _Toc4121196]7.1.1. Soil Color
The soil color of the command area is dominated by radish brown (5YR 4/3) when dry to dark radish brown (5YR 3/2) when moist on their surface horizons. The possible variation in soil color appears associated more with the difference in oxidation-reduction processes that have taken place within the soils as well as the OM contents. 
However there is no significant variation in soil color pattern showed among surface horizon and the subsurface horizon of the Profiles described at Birbirsa small scale irrigation site. 
[bookmark: _Toc454850158][bookmark: _Toc4121197]7.1.2. Soil Structure
Soil structure refers to the natural organization of soil particles into discrete soil units (aggregates or peds) that result from pedogenic processes. The aggregates are separated from each other by pores or voids. It is preferred to describe the structure when the soil is dry or slightly moist. Soil structure is described in terms of grade, size and type of aggregates (FAO, 2006).
There are no variations in soil structure with depth and among profiles described at Birbirsa irrigation site. Therefore, the structure of all layers of the profile characterized as moderate, medium and sub-Angular blocky structure. 
[bookmark: _Toc454850159][bookmark: _Toc4121198]7.1.3. Soil Consistency
Similar to the above-described morphological properties, soil consistency within horizons also didn’t showed variability under moist and wet conditions. Thus the consistency of this soil unit is hard when dry, firm when moist, sticky and plastic during wet condition. 
[bookmark: _Toc454850160][bookmark: _Toc4121199]7.1.4. Horizon Boundary
[bookmark: _Toc454850161]The described profile showed gradual in distinctness and broken topography in the horizon boundary between their surface and subsurface horizons (Annex 5). Similarly, the horizon boundary within the sub surface horizons of the profile showed the same pattern.
[bookmark: _Toc4121200]7.1.5. Plant Roots
The study area is commonly cultivated lands and thus the roots of the plants are observed up to excavated depth of the profile. Accordingly plant roots within horizons showed variability in terms of their abundance and size. Plant roots in the surface horizon of soils showed fine to coarse roots size, and many to common roots abundance. Similar to the plant roots of the surface layer, the subsurface layers also showed variations in their abundance and size. The plant root abundance of the subsurface layers varied from few to common in both layers while the size ranged from fine to medium.
The command area is entirely cultivated land during end of dry season commonly by means Bone production system and widely cultivated maize crop.
[bookmark: _Toc454850162][bookmark: _Toc4121201]7.1.6. Drainage
Soils of the command area have poorly drained to very poorly drained drainage class basically the command area is characterized by very minimum slope gradient land form in the bottom of valley plain.  
[bookmark: _Toc454850163][bookmark: _Toc4121202]7.1.7. Erosion Status
The erosion status of the command area is slight; and moderate for considerable area of land in the watershed of the ongoing project area.  Degrees of erosion in the command area are characterized by sheet erosion. In general erosion hazard is not a serious problem in the area basically the watershed have better vegetation cover.
[bookmark: _Toc454850164][bookmark: _Toc4121203]7.1.8. Effective Soil Depth
The soil identified in the command area is Fluvisol and description of possible soil depth restricted by existence of ground water at a depth of 100cm all over the command area.  But soil depth is not a limiting factor in soil of the study area. 
[bookmark: _Toc454850165][bookmark: _Toc4121204]7.2. Physical Characteristics
[bookmark: _Toc454850166][bookmark: _Toc4121205]7.2.1. Soil Texture
[bookmark: _Toc327428392][bookmark: _Toc333780908][bookmark: _Toc334986789]The soil textural classes of the command area showed negligible variability within the horizons. Soil texture in the surface horizons is clay loam, while the texture of the sub-surface horizons is clay loam to clay soil. The soil of the study area is fine in texture. The soil textural classes are used to characterize soil physical make-up, having a bearing on such soil behaviors as nutrient and water holding capacity, OM level and decomposition, aeration, infiltration rate, drainage and/or permeability and workability (Brady and Weil, 2002). 
The sand fraction of the soils of the command area ranged from 27% in the 0-25 cm depth, 25% in the 25-70 cm depth and 29% in the 70-100 cm depth. 
Similarly, the silt fraction of the soils of the command area ranged from 29% in the 0-25 cm depth, 33% in the 25-70 cm depth and 23% in the 70-100 cm depth. 
The clay fraction of the soils of the study area ranged from 44% in the 0-25 cm depth, 42% in the 25-70 cm depth and 48% in the 70-100 cm depth. 
In general, clay is the highest fraction found in the soil of the command area next to silt fraction more or less in both horizons.
Down the horizons of Profile clay fraction did not follow any consistent trend with soil depth. 
[bookmark: _Toc454850167][bookmark: _Toc4121206]7.2.2. Infiltration rate
Infiltration refers to the vertical intake of water into a soil, usually at the soil surface, and measurements rate form a vital part many survey involving irrigation development or soil conservation (Landon, 1991). The results are normally used at the design stage with other measurements (permeability, crop water demand, evaporation data etc.) for determining the most efficient methods of application of irrigation water and attendant details such as furrow length and application rates. Infiltration rate is mainly affected by texture of the soil and other properties of the soil such as organic matter content and structure of the soil. Infiltration is the measurement of vertical intake of water into a soil at the soil surface. Soils are considered non-arable if the IR is less than 0.1cm/h. Infiltration rates between 0.1 and 0.2cm/h are undesirable as surface waste becomes excessive or ponding reduces crop yield. The optimum rates for gravity irrigation are between 0.7 and 3.5 cm/h. Infiltration rates in excess of 12.5cm/h is generally mean that gravity irrigation is not practicable due to water distribution problems and excessive deep percolation. The following table shows the results of infiltration tests of the soil of command area.

[bookmark: _Toc2627189]Table 6: Infiltration test results of the soils
	[bookmark: _Toc454850168]No
	Surface Texture
	Infiltration rate (cm/hour)

	
	
	Minimum value
	Average value
	Maximum value

	
	Clay Loam
	1.7
	1.85
	2.0

	
	
	
	
	

	
	
	
	
	


Source: Recent Test Result
[bookmark: _Toc4121207]7.2.3. Hydraulic Conductivity	
Hydraulic conductivity (permeability) is the property of the soil to transmit water downwards through a unit cross-section of area in unit time. Field measurements recorded a wide range of values from 0.08 to 0.31 m/d. The lowest values were associated with fine textured subsoil and the highest value with relatively better fraction of coarse textured subsoil.


[bookmark: _Toc2627190]Table 7: Hydraulic conductivity ratings
	< 0.2 m/day
	- very slow

	0.2 – 0.5 m/day
	- slow

	0.5 – 1.4 m/day
	- moderate

	 >1.4 m/day 
	- moderately rapid to rapid


Source: Landon, 1990
Hydraulic conductivity, infiltration rate and available water content result in terms of the dominant major soil is made as summery data is shown on table 5. 
[bookmark: _Toc454850169][bookmark: _Toc4121208]7.2.4. Soil Moisture Characteristics
Undisturbed soil samples from representative sites were taken to the laboratory to determine bulk density, permanent wilting point and field capacity for the determination of available water capacity and readily available water capacity of the soils.
7.2.4.1. Field Capacity (FC)
Field capacity (FC) of a soil is the maximum water content the soil will hold following free drainage. FC is the upper limit of available soil moisture under irrigation. It does not therefore correspond to a fixed soil-water potential, but instead represents the condition of each individual soil after the larger pores have drained freely under gravity (Landon, 1991). In practice field capacity is usually taken as the moisture content of a soil which has drained freely for 1 or 2 days after saturation. The field capacity of the soils of the command area matches 321.8 mm m-1. The following table shows the field capacity results of the study area versus texture.






[bookmark: _Toc471342334][bookmark: _Toc2627191]Table 8: Field Capacity Results versus Soil Textures.
	No
	Soil Texture
	Field capacity (mm m-1)

	Clay Loam
	321.8



7.2.4.2. Permanent wilting point (PWP)
Permanent wilting point (PWP) is the soil moisture content at which plants can no longer obtain enough moisture to meet evapotranspiration requirements and remain wilted unless water is added to the soil. In other way round, the permanent wilting point (PWP) is arbitrary defined as the soil moisture content at which the leaves of sunflower plants wilts permanently, i.e. when they do not recover their turgor if subsequently placed in a saturated atmosphere. The permanent wilting point is taken as the lower limit of available water so that water in drier soil is assumed to be not available to plants (Landon, 1991). In fact the value of PWP depends on the climatic and soil conditions on the hydraulic conductivities at corresponding water potential levels in the soil and on the plant species. The PWP of the soils of the project area reaches 297.8.

[bookmark: _Toc471342335][bookmark: _Toc2627192]Table 9: Permanent Wilting Point.
	No
	Soil Texture
	permanent wilting point (mm m-1)

	Clay
	297.8



7.2.4.3. Available water capacity and readily available water Capacity
Soil Available Water Capacity (AWC) is the volume of water held between field capacity (FC; pF 2.5) and wilting point (WP; pF4.2) for a specified soil depth, usually the main root zone which for most crops is 0.6 m. We recommend that to avoid over-watering, crop water requirements (e.g. using Crop wat) should adopt 0.6 m soil depth rather than the conventional 1.0 m. In general principle results of AWC <120mm/m, 120-180 mm/m and >180 mm/m has low, medium and high rate for irrigation suitability respectively. Values of AWC are most commonly used for determination of the depth and frequency of irrigation required.  Readily available moisture is considered 60% of total available water as a rule. Calculation of AWC is done by the following formula.
AWC= 
                               100

[bookmark: _Toc471342336][bookmark: _Toc2627193]Table 10 : Available Water Capacity (AWC)
	Soil Texture
	AWC mm/m
	RAWC mm/m

	Clay
	193.2
	115.9



The above values were derived from the representative samples for the study area. The lower values of the available water capacity may be because of minimum content of organic matter of the soils, soil structure and like. Similarly the higher values of the available water capacity can be because of existence of ground water at shallower depth. Actually ground water exists at a depth of 100cm all over the command area.    
[bookmark: _Toc454850170][bookmark: _Toc4121209]7.2.5. Bulk density
Bulk density measurements are made in the course of many routine soil surveys as a guide to soil compaction and porosity. The results are used as indicators of problems of root penetration and soil aeration in different soil horizons. Bulk density values vary considerably with moisture content, particularly those of fine textured soil. Therefore samples should be taken at or near to field capacity.   
Bulk density is the overall density of soil (i.e. the mass of mineral soil divided by the overall volume occupied by soil, water and air); it should be distinguished from the density of the solid soil constituents. The bulk density of the soils in the study area varies between 1.2 and 1.4 g/cm3. 
Even in horizons of similar texture lying at similar depth, there are usually great differences in bulk density values on organic matter levels, root penetration and soil structure.  Increase in soil density imposes the following stresses on a plant’s root system:
· The mechanical resistance to root penetration increases, so reduces the plant’s ability to exploit its environment. 
· The air filled porosity of the soil decreases, thus restricting the air supply to plant roots and facilitating the buildup of toxic products such carbon dioxide and ethylene. Similarly decreasing total porosity, compaction of soil decreases the volume of coarse pores relative to the volume of fine ones and increases the proportion of total porosity occupied by water at any given suction (Russell 1973).
· In general permeability decreases with increasing density, making field crops more susceptible to the adverse effects of water logging.  
[bookmark: _Toc454850171][bookmark: _Toc4121210]7.2.6. Surface Coarse fragments
The surface coarse fragment in the soils of the study area is very limited or none. Generally, surface coarse fragments are not limiting factor in all parts of the command area.
[bookmark: _Toc454850172][bookmark: _Toc4121211]7.3. Chemical Characteristics
[bookmark: _Toc454850173][bookmark: _Toc4121212]7.3.1. Soil Reaction
Soil reaction (pH) is one of the chemical properties that govern the availability of nutrients such as available P, exchangeable bases and the micronutrients in soils (Buol et al., 1997). Generally, the pH in the soils of the profile studied showed slight variation within horizons. The surface soil pH-H2O values of Birbirsa small scale irrigation command area is 4.6. Similarly, the subsurface soil pH-H2O values of the soils in the study area ranged from 4.9 to 5.6. PH -H2O values in the Profile of the command area showed increasing trend with soil depth.
Generally, however, the surface and subsurface soil pH values in the study area ranged from 4.6 to 5.6, indicating that the soils of Birbirsa small scale irrigation project could be rated under low level in soil reaction as per the rating recommended by Landon (1991). 
Interpretation:- PH values do not have precise significance but some generalisations can nevertheless be made for interpretive purposes. The PH tolerance limits of different plants vary greatly, but for most commercial crops a neutral range is most suitable with PH values between 6.3 and 7.5. Some broad effects of low PH values (<5.5) are as follows:
· Phosphate- Phosphate ions combine with iron and aluminium to form compounds which are not readily available to plants.
· Micronutrients- All micronutrients except molybdenum become more available with increasing acidity; deficiencies are therefore rare below about PH 7.
· Aluminium- Al ions are released from clay lattices at PH value below 5.5 and become established on the clay complex. Soils with low PH should therefore be tested for exchangeable Al as a measure of potential Al toxicity.
· Nitrification- with PH value below 5.5 bacterial activities is reduced and nitrification of organic matter is significantly retarded.
[bookmark: _Toc454850174][bookmark: _Toc4121213]7.3.2. Electrical Conductivity (E.C)
The E.C values in the soils of the study area varied with depth within profile. The surface soil E.C values of Birbirsa small scale irrigation project command area is 0.092. Similarly, the subsurface soil E.C values of the soils in the study area ranged from 0.052 to 0.028. 
The results indicate that the E.C values in the study area is very far below 4 dS m-1 indicating that the concentration of soluble salts in the soils of Birbirsa site are below the levels at which growth and productivity of most agricultural crops are affected due to soil salinity as these are non-saline (Richards, 1954).
[bookmark: _Toc454850175][bookmark: _Toc4121214]7.3.3. Organic Carbon (OC)
Measurements of OC like those of soil N are very widely quoted, but they suffer from similar difficulties of experimental determination and interpretation. They are often made as a measure of the quantity of organic matter in a soil, which in turn is taken as a crud measure of fertility status.  
The organic carbon content of the surface soils of the study area is 3.62 it is rated as medium level. The organic matter content can be obtained by multiplying the value of organic carbon by 1.72% and can be used to as a measure of fertility status of the soil. Using the above conversion method, the average organic matter content of the surface soils of the study area is 6.23% and rated as medium level (Tekalign, 1991). In general, the OM content decreased consistently with increase in soil depth. This may indicate a relatively better accumulation of decomposable organic materials in the surface horizons than in the subsurface ones.

[bookmark: _Toc454850176][bookmark: _Toc4121215]7.3.4. Total Nitrogen (TN)
Except in detailed management studies N measurements are difficult to interpret, since the type of N present and their relevance to crop nutrition are not usually known. The surface soil TN values of Birbirsa small scale irrigation project command area is 0.33. Similarly, the subsurface soil TN values of the soils in the study area ranged from 0.20 to 0.12. Similar to most of the other soil properties discussed above, total nitrogen content also differed with soil depth.  Therefore, the total N content decreased with soil depth and followed the trend observed in OM. This indicates that, the study area has relatively high total N in their surface horizons and the lowest in their subsurface horizons. Commonly, soil TN contents within horizons in study area are rated as medium level based on the ratings made by Landon (1991). 
[bookmark: _Toc454850177][bookmark: _Toc4121216]7.3.5. Available Phosphorus (P)
Available P distributions varies with depth within a profile were observed in soils of the Birbirsa small scale irrigation site. Available P fluctuates with soil depth in the area.  Available P ranged from 5.46 mg kg-1 in surface horizon to 1.04 mg kg-1 in the subsurface horizon. According to the ratings by Landon (1991), the available P contents of the study area are generally low throughout the horizons. This may indicate that OM content of the soil determines the amount of available P present in the soil. 
[bookmark: _Toc454850178][bookmark: _Toc4121217]7.3.6. Available potassium (K)
Variable distributions of available K with depth within a profile observed in soils of the Birbirsa small scale irrigation site. Available k increases with soil depth in the described profile of irrigation command area. Available K ranged from 46.4 mg kg-1 to 64.9 mg kg-1 in surface and subsurface horizons. The results indicate that available K in the soils of Birbirsa irrigation site is not limiting factors. 
K content of a soil depends primarily upon the parent material and degree of weathering (Hesse, 1972).
[bookmark: _Toc454850179][bookmark: _Toc4121218]7.3.7. Cation Exchangeable Capacity
Cation Exchangeable Capacity (CEC) of the soil of the study area is characterized by variability within horizons in a profile. So, in the surface horizon and subsurface horizons of the soils of the study area, the CEC content is 24.4 cmol(+) kg-1 ,23.8 cmol(+) kg-1  and 26.6 cmol(+) kg-1 down the soil horizon. According to Landon (1991) ratings, the CEC value in the soils of the study area is medium to high. Thus, the value of CEC in the soil of the study area is an important indicator for both soil fertility/nutrition studies and for soil genesis and thus widely used in soil classification (Buol et al., 1997). 
[bookmark: _Toc168903989][bookmark: _Toc319523276][bookmark: _Toc323253628][bookmark: _Toc329930696][bookmark: _Toc329931042][bookmark: _Toc454850180][bookmark: _Toc4121219]7.3.8. Exchangeable Sodium Percentage (ESP)
Exchangeable sodium percentage indicates the degree of sodicity or alkalinity of the soils. Soils with ESP <15% are generally considered as non-sodic whereas soils with ESP >15% are sodic soils and require amendment. The overall ESP status of the soils of the project area ranges from 0.9 to 2.63% with an average value of 1.63%. Hence, the results of the ESP in soils of the study area indicate that it is free from sodicity problem.
[bookmark: _Toc168903990][bookmark: _Toc319523277][bookmark: _Toc323253629][bookmark: _Toc329930697][bookmark: _Toc329931043][bookmark: _Toc454850181][bookmark: _Toc4121220]7.3.9. Calcium Carbonate (CaCO3)
The surface horizon of the soils of the study area has Carbonates of 0.32%. According to Landon (1991) ratings, the Carbonates value in the soils of the study area is low. Thus, the soils of the study area are classified as non-calcareous in reaction.
[bookmark: _Toc454850182][bookmark: _Toc4121221][bookmark: _Toc168903977][bookmark: _Toc319523265][bookmark: _Toc323253617][bookmark: _Toc329930685][bookmark: _Toc329931031]7.3.10. Exchangeable cations
7.3.10.1. Exchangeable Sodium (Na+)
The exchangeable Na of the surface soils of the study area falls in 0.51 cmol (+) kg-1 and that of the sub soils is 0.39_0.46 cmol (+) kg-1 (average 0.43 cmol (+) kg-1). These levels of exchangeable sodium of both the surface and sub-surface soils indicate that the soils of the study area are free from adverse effects of high sodium levels on soil physical properties and crop growth; this is because the exchangeable sodium percentage derived from these levels is so low that (<15%) there is no problem of sodicity of the soils. 
[bookmark: _Toc168903978][bookmark: _Toc319523266][bookmark: _Toc323253618][bookmark: _Toc329930686][bookmark: _Toc329931032]7.3.10.2. Exchangeable potassium (K+)
The exchangeable K of the surface horizon of the soils of the study area falls in 0.36 cmol (+) kg-1 and that of the subsurface horizons varies from 0.87 to 1.3 cmol (+) kg-1. According to the ratings by Landon (1991), exchangeable K contents of the soils of the study area are in the range of medium to high.
In general, the exchangeable K contents in most of the soil horizons were higher than exchangeable Na. This could be due to the type of parent material from which the soil developed. Because, K content of a soil depends primarily upon the parent material and degree of weathering (Hesse, 1972). The overall exchangeable cation in the Profile showed a content gradient of Ca > Mg > K > Na. According to Halvin et al. (1999), the prevalence of Ca followed by Mg, K and Na in the exchange site of soils is favorable for crop production.
[bookmark: _Toc168903979][bookmark: _Toc319523267][bookmark: _Toc323253619][bookmark: _Toc329930687][bookmark: _Toc329931033]7.3.10. 3.Exchangeable Calcium (Ca++)
The surface horizon of the soils of the study area has exchangeable Ca of 14.86 cmol(+) kg-1. Whereas in the subsurface horizons of the profiles, it varied from 9.73 cmol(+) kg-1 to 11.88 cmol(+) kg-1. Exchangeable Ca in the surface and subsurface horizons of the profiles was low in its content. 
[bookmark: _Toc168903980][bookmark: _Toc319523268][bookmark: _Toc323253620][bookmark: _Toc329930688][bookmark: _Toc329931034]7.3.10.4. Exchangeable Magnesium (Mg++)
The exchangeable Mg in the surface horizons is 0.68 cmol(+) kg-1. Whereas in the subsurface horizons, it varied from 3.01 cmol(+) kg-1 to 4.09 cmol(+) kg-1 (Annex 6). Thus, the exchangeable Mg content is in the lowest level similar to the exchangeable Ca content in the surface and subsurface horizons. 























[bookmark: _Toc454850183][bookmark: _Toc4121222]8. SOIL MAPPING UNITS
[bookmark: _Toc454850184][bookmark: _Toc4121223][bookmark: _Toc238520813][bookmark: _Toc238972715]8.1. Soil mapping unit description
The soil of the command area are mapped and described based on their similar soil characteristics and constraints. The dominant characteristics considered in mapping the soil unit are like soil type, soil drainage, depth to water table, soil texture and soil physical and chemical properties. Based on these, the soil of the study area has been categorized in two soil mapping unit which can be easily evaluated for the proposed irrigation development.
[bookmark: _Toc4121224]SMU 1
The soil type in this mapping unit is Fluvisol characterized by deep, radish brown (5YR 4/3) when dry to dark radish brown (5YR 3/2) when moist on their surface horizons. The possible variation in soil color appears associated more with the difference in oxidation-reduction processes that have taken place within the soils as well as the OM contents. 
However there is no significant variation in soil color pattern showed among surface horizon and the subsurface horizon of the Profiles described at Birbirsa small scale irrigation site. 
The soil unit has clay loam soil texture in surface horizon and clay to clay loam soil texture in subsurface horizon. There are no variations in soil structure with depth and among profiles described at Birbirsa irrigation site. Therefore, the structure of all layers of the profile characterized as moderate, medium and sub-Angular blocky structure. The consistency within horizons also didn’t showed variability under moist and wet conditions. Thus the consistency of this soil unit is hard when dry, firm when moist, sticky and plastic during wet condition. 
The total extent of the unit is 85% of the total demarcated proposed command area. This mapping unit is distributed on valley bottom of plain land which is characterized by somewhat poorly drained soil drainage condition and lie on 0-2% slope range. 
The pH values of 4.6 to 5.6. The organic carbon content ranges from 1.35-3.62%, indicating medium organic carbon. The total nitrogen varies from 0.12-0.33%, indicating low to medium level of nitrogen content. The available P of this soil mapping unit is found to be very low to medium in its content. The value of CEC ranges from 24.4 to 26.6 cmol(+) kg-1 and the exchangeable sodium percentage ranges from 0.39% to 0.46% showing medium to high level of CEC and low to medium level of exchangeable sodium percentage ranges. Thus, the soils are non-saline, non-sodic, and non-calcareous. 
[bookmark: _Toc4121225]SMU2
The soil type in this mapping unit is mollic cambisol characterized by deep, dark reddish brown (7.5YR 3/3) soil colour. The soil unit has clay loam soil texture in surface horizon and sandy clay loam soil texture in subsurface horizon. The structure of all layers of the profile characterized as moderate, medium and sub-Angular blocky structure. The consistency of this soil unit is hard when dry, firm when moist, sticky and plastic during wet condition. 
This mapping unit is distributed on moderately dissected side slope of plains which were characterized by somewhat well-drained soil drainage condition and lie on 2-8% slope range. 
The average pH values of 4.6. The organic carbon content ranges from 0.76-2.32%, indicating low organic carbon. The total nitrogen varies from 0.95-1.16%, indicating very low to medium level of nitrogen content. The available P of this soil mapping unit is found to be very low to medium in its content. The average value of CEC 24.8cmol(+) kg-1 and the exchangeable sodium percentage ranges from 0.43% to 4.6% showing medium level of CEC and low to medium level of exchangeable sodium percentage ranges. Thus, the soils are non-saline, non-sodic, and non-calcareous.
[image: C:\Users\user\Desktop\Birbirsa SMU Classification.tif]
[bookmark: _Toc2627426]Figure 8 : Birbirsa SSIP Command Area SMU Classification
[bookmark: _Toc454850185][bookmark: _Toc4121226]9. LAND SUITABILITY EVALUATION
[bookmark: _Toc18044326][bookmark: _Toc18044471][bookmark: _Toc201641099][bookmark: _Toc201641494][bookmark: _Toc238520832][bookmark: _Toc238972734][bookmark: _Toc454850186][bookmark: _Toc4121227]9.1. Introduction
Land evaluation is part of the land use planning process, applicable during the phases of data management and analysis as well as for the elaboration of options. Land evaluation is the vehicle used to provide information and recommendations in selection of  suitable land ,cropping ,irrigation and management alternatives that are physically and financially practicable and  economically viable (FAO,2006). It is a suitability evaluation directed at indicating the potential for irrigated agriculture development. The evaluation can be in qualitative terms. The study investigated the provisionally suitable area for irrigated agriculture in terms of soil landscape conditions which later incorporated to water availability to identify the irrigable area in the watershed. The specific objectives of the current study are to investigate the soil within command area and characteristics for assessing suitability of land resources for irrigated agricultural development. Land  evaluation is concerned with the assessment of land performance when used in specified purpose .It involves the execution and interpretation of basic survey of climate ,soils, vegetation and other aspects of land in terms of requirements of alternative forms of land use. The land-characteristic suitability is based on slope, soil type, and land use. The slope map computed from a 30 m resolution DEM has four suitability classes for surface, sprinkler and drip irrigation suitability (FAO, 1999). Land use and soil maps of the study area are reclassiﬁed to two and four different ranges of suitability groups respectively based on their suitability and   FAO soil definition (Group WRB, 2006). Agricultural land  use  is considered as S1,  and forest area, wet land ,settlement  as N. Soils reclassified based on their texture ,depth, drainage and their nutrient status (PH,BS and CEC) that is S1,S2,S3 and N. The result of a land evaluation is a prediction of the use potential of land for several actual or proposed land use system.
Generally Suitability analysis is a multiple criteria decision making process, since decision has to be taken at various levels starting from selecting LUTs till allocation of the LUTs for areas that suit best.
The methodology for land suitability assessment is based upon the FAO Framework for Land Evaluation (FAO, 1976), where evaluation is the process of matching different environments against possible land use options. Land suitability is then defined as the fitness of a specific area of land for a specified kind of land use a so called land utilization type (LUT) under a stated system of management. Simply, to what extent is the land in questionable to support the LUT being considered? Land is assessed for its suitability for a LUT by a consideration of soil properties and site factors as they might affect the practicality and cost of development and maintenance, and the productivity of the land. The classification is implicitly or explicitly based on the economics of land development, although physical features are used as a basis for the economic rating. Classification is intended to reflect the payment capacity of the land, where different classes indicate decreasing payment capacity relative to increasing requirements for development and continued production. There is a cut-off point beyond which limitations of soil and/or site are so severe as to preclude any possibilities of successful sustained use at reasonable cost.
In semi-arid zones the concept of land suitable for irrigation being linked with positive economic benefits is problematical because the cost of supplying water, however good the land and the soil, usually outweighs the potential benefits to be derived from the range of possible enterprises. In simple terms, all land in the strict economic sense is hardly suitable for irrigated agriculture. This difficulty is usually circumvented by arguing that in semi-arid regions having a predominantly rural economy, soil and water are both scarce commodities and even if they are of poor quality their coexistence frequently justifies agricultural production, regardless of purely economic considerations. However, a realistic assessment should be provided of the ability of the project to satisfactorily develop land for irrigation because if such development cannot be properly achieved the livelihood of the local beneficiaries will be seriously jeopardized, this is not a risk that should be entertained.
Notwithstanding the above argument one can say that in the FAO system of land evaluation suitable land (S) is that on which sustained use in the defined manner is expected to yield benefits acceptable for the required capital and recurrent inputs (costs), without causing unacceptable risk to the environment. Unsuitable land (N) has characteristics that preclude its sustained use in the defined manner because of an unacceptable requirement of development or recurrent inputs. 
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[bookmark: _Toc2627427]Figure 9: Flow chart of evaluation method




[bookmark: _Toc4121228]9.2.  Principles of Land Evaluation
i. Land suitability is assessed and classified with respect to specified kinds of use;
ii. Evaluation requires a comparison of the benefits obtained and the inputs needed on different types of land
iii. A multidisciplinary approach is required
iv. Evaluation is made in terms relevant to the physical economic and social context of the area concerned
v. Suitability refers to use on a sustained basis

vi. Evaluation involves comparison of more than a single kind of use. 
Vii. Land evaluation needs to consider the needs, preferences and views of all stakeholders
[bookmark: _Toc18044327][bookmark: _Toc18044472][bookmark: _Toc201641100][bookmark: _Toc201641495][bookmark: _Toc238520833][bookmark: _Toc238972735][bookmark: _Toc454850187][bookmark: _Toc4121229][bookmark: _Toc497243884]9.3. Structure of the Suitability Classification
Each factor determining the suitability of the land (parcel) for irrigation is classified  into five classes according to (FAO, 1976, 1981) frame- work  ranging from  highly suitable (class  S1) to permanently  not suitable (Class N2), Table .
[bookmark: _Toc2627194]Table 11: Suitability Classification
	Factor rating class
	Symbol
	Definition in term of productivity

	Highly suitable
	S1
	>80%

	Moderately suitable
	S2
	40-80 %

	Marginally suitable
	S3
	20-40%

	Currently not suitable
	N1
	Limitation which surmounted in time

	Permanently not suitable
	N2
	Land having limitation which appear sever

	Not relevant
	NR
	Land which has not been assessed for a given use



Highly suitable S1 Land having no significant limitations to sustained application of a given use, or only minor limitations that will not significantly reduce productivity or benefits and will not raise inputs above an acceptable level.
Moderately suitable S2 Land having limitations which in aggregate are moderately severe for sustained application of a given use; the limitations will reduce productivity or benefits and increase required inputs to the extent that the overall advantage to be gained from the use, although still attractive, will be appreciably inferior to that expected on Class S1 land.
Marginally suitable S3 Land having limitations which in aggregate are severe for sustained application of a given use and will so reduce productivity or benefits, or increase required inputs, that this expenditure will be only marginally justified.
Currently not suitable N1 Land having limitations which may be surmountable in time but which cannot be corrected with existing knowledge at currently acceptable cost; the limitations are so severe as to preclude successful sustained use of the land in the given manner.
Permanently not suitable N2Land having limitations which appear so severe as to preclude any possibilities Of successful sustained use of the land in the given manner.For each suitability class there are a number of subclasses that reflect the type of limitations that restrict the suitability of that land mapping unit for the specific LUT, or improvement measures required.  S1 has no specific limitations, but the other suitability classes may be divided into subclasses corresponding to their limitations which are denoted by the addition of a suffix to the class, e.g. S2t, S3n, N1w.  These are defined in FAO (1983)  
For each suitability class there are a number of sub-classes that reflect the type of limitations that restrict the suitability of the soil mapping unit. Note that S1 has no specific limitations. Limiting factors governing land suitability evaluation for irrigation in project area are:	
t 	-          Topography (micro topography, dissection)
r 	-          Restricted root ability; limited depth to bedrock and coarse material  
s 	-          Salinity 
dw 	-          Poor drainage and shallow water table
p 	-          Soil pH
st 	-             Stoniness
x 	-             Texture
i	-             Infiltration rate
h	-             Hydraulic conductivity
[bookmark: _Toc471342337][bookmark: _Toc2627195]Table 12: FAO Recommended Land Class Definition.
	Class
	Designation
	Definition

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

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

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

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

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


[bookmark: _Toc238520834][bookmark: _Toc238972736]
[bookmark: _Toc454850188][bookmark: _Toc4121230]9.3. Land Use Requirements, Land Characteristics and Land Qualities
Land Use Requirements 
Having described the land use type which is surface irrigated agriculture, the next step is to define the land requirements for successful soil, crop and irrigation water management. It is the necessary or desirable conditions of the land for successful and sustained practice of a given land use such as agronomic management, land development, conservation requirements or limitations. In other words, land use requirements refer to the set of land qualities that determine the production and management conditions.
Land Characteristics
These are measurable properties of the physical and socioeconomic and environmental conditions directly related to land use. Land characteristics are made available through soil and land use surveys, socioeconomic and farming system surveys and environmental assessment. Some of the land characteristics and qualities are climate, topography, soil physical and chemical properties, soil fertility, salinity and alkalinity, etc. 
Land Qualities
They are an attribute of land or their expressions as a diagnostic criterion, which limits the potential of land for a specified kind of use. They are derived from measured land characteristics. 
Land characteristics, land qualities and class determining/limiting factors have been obtained from detail soil survey (feasibility level) and have been evaluated on how they affect the land for irrigation development. Critical limits have been given a suffix in suitability evaluation to denote the main limiting factor or factors that affect the management of the soil mapping units.  
Land use requirement for surface irrigation and land characteristics, land qualities and class determining/ limiting factors governing land suitability evaluation for irrigation are given in table below.

[bookmark: _Toc471342338][bookmark: _Toc2627196]Table 13: Land Use Requirements and Critical Class Limits for Surface Irrigation.
	Limiting factors
	Suitability Classes

	
	S1
	S2
	S3
	N1
	N2

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

	Drainage
	Well
	Moderately well
	Imperfect
	poor & excessive
	very poor

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

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

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

	Structure
	SAB
	SAB
	Platy
	Massive
	 

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

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

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

	OM (%)
	3-5
	1-3
	<1
	<1
	 

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

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

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

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

	
	 
	3.5-6.5
	 
	 
	 

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

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


[bookmark: _Toc471342339][bookmark: _Toc2627197]Table 14: Land Characteristics and Land Qualities of Soil Mapping Units.
	[bookmark: _Toc238520835][bookmark: _Toc238972737]Class Limiting Factors


	[bookmark: _Toc454850189][bookmark: _Toc4121231]SMU1
	[bookmark: _Toc454850190][bookmark: _Toc4121232]SMU2

	Slope %
	0-2
	2-8

	Drainage 
	Somewhat poorly
drained 
	Somewhat excessively well drained

	Depth (cm)
	>200
	>200

	Texture 
	CL
	CL

	Coarse material (%)
	None
	None

	Structure
	Massive
	Massive

	Salinity (mS/cm)
	0.49
	0.49

	Sodicity(ESP)
	1.8
	1.8

	CEC(meq/100 gm of soils)
	21.48
	21.48

	OC (%)
	0.85
	0.85

	Nitrogen (%)
	0.105
	0.105

	Available P(mg P2O5/kg soil)
	4.7
	4.7

	pH 
	6.6
	6.6

	Fertility index
	Moderate
	Moderat

	IR (cm/hr)
	8.9
	8.5

	HC (m/day)
	1.86
	1.47

	AWC (mm/m
	63.1
	63.1



[bookmark: _Toc454850191][bookmark: _Toc4121233]9.4. Results of Land Suitability Evaluation 
Matching and super imposing of the land use requirements and critical class limits with the soil and land characteristics and limiting factors of the SMU has resulted in suitability classes. Initially matching proceeds for each land quality for each soil mapping units. These individual ratings are then combined to give an overall suitability for the soil mapping units. To arrive at the final land suitability classification for proposed irrigation of the command area, possible remedial measures have to be considered relevant to soil fertility and socioeconomic conditions. 
Evaluation of land use requirements for irrigated agriculture with soil and land characteristics, land qualities and limitations of each soil mapping unit in Birbirsa command area has given the irrigation land suitability class with its specific limitations requiring remedial measures for up grading the land and soil suitability of each soil mapping units. The result of suitability evaluation for surface irrigation is shown in Table 15 below.
[bookmark: _Toc471342340][bookmark: _Toc2627198]Table 15: Results of Surface Irrigation Suitability Evaluation.
	SMU
	Suitability under proposed irrigation
	Area (ha)
	Area (%)

	
	
	
	

	SMU1
	S1 (r, s, p); S2 (x, t, ); N1 (i, h)
	76
	70

	SMU2
	S1 (r, s, p); S2 (x, t, ); N1(i, h)
	32
	30


[bookmark: _Toc238520836][bookmark: _Toc238972738]
According to the result given in Table above the main limiting factors of the soils of Birbirsa command area are texture, high infiltration rate and high HC,  . Those limiting factors mentioned have brought the soils to be moderately suitable under intermediate level of management. Some of the limitations can be corrected at different level of intervention; for example fertility status of the soil can be easily improved by adding fertilizer relative to other remedial measures. The moderately suitable mapping units (SMU1, SMU2) limited by high infiltration rate and low nutrient status can be improved to highly suitable class (S1) with irrigation water management and application of fertilizer. 
Land Evaluation for Selected Crops 
[bookmark: _Toc238520837][bookmark: _Toc238972739]Proposed Crops
Crops and cropping patterns have been selected based on existing conditions, climate, and requirement of individual crops for daily consumption and market oriented crops as means of income generation for the community. The major proposed crops are maize, onion, potato, tomato, cabbage, pepper and green dish.
[bookmark: _Toc238520838][bookmark: _Toc238972740]Crop Requirements 
A crop requirement is an optimum land and soil characteristics and qualities required to achieve average and high yield plus a potential for improvement in the future as more experience and management capacity is gained. Crop requirements for proposed and selected crops for the project have been reviewed and analysed for surface irrigation under medium input level.
[bookmark: _Toc238520839][bookmark: _Toc238972741]Results of Crop Suitability Evaluation
Crop suitability evaluation for the proposed crops has been done to investigate alternative viable cropping pattern. It enables planners and managers including farmers, to consider all practicable alternative cropping patterns. Crop suitability evaluation for the proposed crops under a medium level of management has been considered.
[bookmark: _Toc335835797]Matching and superimposing crop requirements under irrigation with soil and land characteristics, land qualities and limitations of each soil mapping unit has given the irrigated crop suitability class. Hence all proposed crops are found to be moderately suitable under irrigation with different extent by considerable management measures.


[bookmark: _Toc471342341][bookmark: _Toc2627199]Table 16: Results of Crop Suitability Evaluation under Irrigation.
	
SMU
	
Proposed Crops

	
	Potato
	Tomato
	Onion
	Cabbage
	Maize
	Pepper
	Green Dish

	SMU1
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)

	SMU2
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)
	S2 (i, h, x)


[bookmark: _Toc238520873][bookmark: _Toc238972775]

















[bookmark: _Toc515897131][bookmark: _Toc4121234]10. CONCLUSIONS and RECOMMENDATION
A soil survey and land evaluation was carried out at semi detailed level and soil and land evaluation made at 1:20,000 scale .The semi detailed soil survey identified two soil mapping units. The major soil groups and soil units were classified based on the soil properties of the field and laboratory results.  Humic Chromic Acrisol and Humic Fluvisols are currently moderately cultivated both rain fed and traditional irrigation agriculture. 
In the watershed PH value shows variation with the lowest record values of 5.1 which is indicator of acidic property.  Under moderately acidic to acidic PH condition Phosphorus is liable to be fixed by Iron, Aluminum, and Manganese. Regarding to CEC value of most soils of the watershed; it falls with rating value of medium to high.
Limning corrects problems from excessive acidity by reducing Aluminum and other metal toxicities, improve soil physical conditions, stimulates microbial activity, availability of essential nutrients and supply of Calcium and Magnesium for plant.
Matching the land characteristics with the crop requirements gives the suitability .Consequently “suitability is the measurement of how well the qualities of a land unit match the requirements of a particular forms of land use”(FAO) 
Suitability together with vulnerability defines the suitability of land use .The sustainable land use should have maximum suitability and minimum vulnerability (de la Rose 2000).
Land suitability evaluation, on basis of soil conditions requires criterion mostly from the soil attributes or spatial variability of soil properties, such as, PH, CEC, BSP, drainage, texture, slope and depth.
Previous studies conclude that the main limitation for surface, sprinkler and drip irrigation in the Ethiopian highlands is the available water and not land suitable for irrigation, thus this study take into account the surface water availability, and any future expansion and planning of surface irrigation in the watershed may involve construction of wear across the river and night storage to store runoff during the rainy season for consolidation of irrigation potential in the watershed.  
Ranking of mapping units’ suitability for irrigation has been made according to the resources offered by the land and land suitability evaluation for irrigation was performed by matching and super imposing of the land use requirements and critical class limits with the soil and land characteristics and limiting factors of the SMU. By using Liebig’s law of minimum (limiting factors) suitability classes were produced, the produced suitability class weightage is given to the respective suitability class to carry out in GIS based Multi-Criteria evaluation to arrive final suitability class. Water resources study conducted by water section identifies water availability in the watershed and this result combined with the data on land suitability to identify total area suitable for irrigation. The maximum irrigable area (combined land and water availability) is estimated. To have sustainable production in the watershed the following recommendations were suggested:-
[bookmark: _Toc515897132][bookmark: _Toc4121235]10.1. Soil fertility improvement
Base saturation is high i.e.>50%which make the soil relatively fertile. Exchangeable calcium is high in most cases in the watershed. Available Phosphorus is low. Therefore Phosphorus fertilizer application is needed, Low PH value in the soil is problem for most irrigated crops, to reduce the adverse effect of acidity it is better to consider the growth of acid tolerant crops in those land units where their productivity is mainly restricted by acidity and also applying agricultural lime is the most cost-effective way of treating soil acidity. The amount of lime required will depend on the current pH profile, soil type, rainfall, farming system and lime quality. Soil acidity can be corrected when hydrogen or aluminum ions held by soil and OM is replaced with Ca or Mg. The decision to lime and the amount to apply must be based on soil tests and the crop species to be grown. In order to amend acidic soils, they must be limed at least to pH 5.5 or to neutralize exchangeable acidity. As a general rule, light sand soils require less lime to increase the soil pH than a heavy clay soil (Taye B and Abere M., 2008). Application of manure and mulching of crop residue after harvest should be practiced to maintain organic carbon to get high yield and to increase nutrient reserve of the soil. 
[bookmark: _Toc515897133][bookmark: _Toc4121236]10.2. Implement integrated watershed management
Over grazing, deforestation, soil erosion and intensive cultivation initiate land degradation in the watershed. Land degradation is prominent in severely dissected plateau and in gorge land scape units. Integrated watershed management is recommended starting with critical area of the catchment.  Slope and erosion are constraints of soils in the watershed, thus conservation measures such as contour plowing, soil and stone bunds are necessary on sloping slopes.
[bookmark: _Toc515897134][bookmark: _Toc4121237]10.3. Improve drainage management
From the upland of the watershed water accumulate on alluvial plains especially soil with low permeability, like heavy clay soil which have drainage characteristics reflecting parent material where fine textured water lain material occur on level topography. Surface and possibly sub surface drainage is mandatory under sustainable irrigation. Constructing adequate drop structures to control surface wastes from rain and irrigation is crucial.
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[bookmark: _Toc4120223][bookmark: _Toc4121241]Annex 2. Soil Auger Observation Form
Oromia Irrigation Development Authority (OIDA) _Client
AYJEF Water Works and Business Service PLC _ Consultant
Meka small scale irrigation project
Soil Survey Format for Soil auger observation
Field No. _______________    Author_________________             Status_________
Project site_______________   Date_______________
Observation site location __________ GPS N: _________      E: ____________                                 
                                                              Elevation______
SMU__________                   Erosion      
Surface Crust _______          A) at site_____________          Land use ________________
Cracking ___________         B) at surrounding________      Crop grown_______________
Drainage Class/Ext_____ __ Micro topography_______       Crop grown since when_______
Land Form__________ _       Seepage_______________       Range Land
Flooding F/D__________      Slope Class _____________    over grazing_____________
Position_____________        Slope aspect/direction _____    Slope form______________
 Bush encroachment_____________
GWTD (cm) _________        Rock out crop __________      Vegetation type________________
Permeability_________         Surface Stone/gravel _____     Dominant species_____________
Parent material________       Human Influence ________     Invasive species_____________   
                                                                       
	                                               
Depth(cm)
	
	
	
	
	
	

	Moisture Status
	D/T
	
	
	
	
	

	Color
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	Mottles
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Contrast
	
	
	
	
	

	Texture
	
	
	
	
	
	

	Coarse Fragment
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Topsoil Structure
	Grade
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Type
	
	
	
	
	

	Consistency
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	
	Wet
	
	
	
	
	

	Cementation
	Grade
	
	
	
	
	

	Mineral nodules
	Abundance
	
	
	
	
	

	
	Color
	
	
	
	
	

	
	Hardiness
	
	
	
	
	

	
	Nature
	
	
	
	
	

	
	Kind
	
	
	
	
	

	Carbonate
	
	
	
	
	
	

	Field PH
	
	
	
	
	
	

	Field EC
	
	
	
	
	
	

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



[bookmark: _Toc2718173][bookmark: _Toc4120224][bookmark: _Toc4121242]Annex 3: Soil Profile Description Form
Oromia Irrigation Development Authority (OIDA) _Client
AYJEF Water Works and Business Service PLC _ Consultant
Meka small scale irrigation project             
Soil Survey Format for Soil Profile Observation
Field No. _______________ Author_________________ Status_________
Project site_______________ Date_______________
Observation site location _________ GPS N: _________      E: ____________
Surface crust__________        Erosion
Cracking ____________           A) At site__________         Land use ___________
Elevation____________            B) At surrounding_____      Crop grown_______
Drainage Class/Ext_______   Micro topography______       Crop grown since when__
Land Form__________ _       Seepage______________      -Range Land
Flooding F/D__________      SMU________________           Over grazing__________
Position______________       Slope Class___________           Bush encroachment____
GWTD (cm) _________        Slope aspect/direction_____ 
Vegetation type_________    Slope form _________
Permeability_________         Rock out crop___________        Dominant species______
Parent material________       Surface Stone/gravel______        Invasive species_______                                                                          
                                               Human Influence__________
	Horizon symbol
	
	
	
	
	
	

	Depth(cm)
	
	
	
	
	
	

	Boundary
	
	
	
	
	
	

	Moisture Status
	D/T
	
	
	
	
	

	Color
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	Mottles
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Contrast
	
	
	
	
	

	Texture
	
	
	
	
	
	

	Coarse Fragment
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Structure
	Grade
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Type
	
	
	
	
	

	Crack
	
	
	
	
	
	

	Consistency
	Dry
	
	
	
	
	

	
	Moist
	
	
	
	
	

	
	Wet
	
	
	
	
	

	Cutans
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	
	Nature
	
	
	
	
	

	Cementation
	Grade
	
	
	
	
	

	Mineral nodules
	Abundance
	
	
	
	
	

	
	Color
	
	
	
	
	

	
	Hardiness
	
	
	
	
	

	
	Nature
	
	
	
	
	

	
	Kind
	
	
	
	
	

	Root
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Pores
	Abundance
	
	
	
	
	

	
	Size
	
	
	
	
	

	Carbonate
	
	
	
	
	
	

	Sample
	
	
	
	
	
	



Diagnostic horizon (surface) ______________ Sub surface _________________                
Diagnostic property _____________________ Depth to paralitic contact_____
FAO field classification___________________ Final Classification______
Remark/Comment, Diagram________________














[bookmark: _Toc2718174][bookmark: _Toc4120225][bookmark: _Toc4121243]Annex 4: Format for Saturated hydraulic conductivity measurement
Oromia Irrigation Development Authority (OIDA) _Client
AYJEF Water Works and Business Service PLC _ Consultant
Kolas small scale irrigation project             
Soil Survey Format for Saturated hydraulic conductivity measurement 
	Saturated hydraulic conductivity measurement form
	Project_________

	Site______________


	Date______________

Author ___________
	GPS Reading
N:____________
E:____________
Elevation:_____
	Land form______
Slope:______
Soil Type:______

	
Micro topography__________


	Depth of insertion of ring(cm)____________

	Radius (cm)_______________


	Replication No. 1
Depth (cm)_____________
	Replication No. 2
Depth (cm)___________

	S/N
	ti,  sec
	h’(t1), cm
	h(ti),cm
	(ht1+r/2),cm
	ti, sec
	h’(t1),cm
	h(ti),cm
	(ht1+r/2),cm

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	



[bookmark: _Toc2718175][bookmark: _Toc4120226][bookmark: _Toc4121244]Annex 5: Infiltration Rate Data Collection Form
	Double Ring Infiltro meter field data
	Project___________
	Site _______________

	
Date: __________
Author ____________

	GPS Reading
N:_____________
E:_____________
Elevation:________
	Land form_________
Slope Class________
Soil Type__________

	
Micro Topography
________________


	Depth of insertion of ring(cm)__________

	
Pre-wetting time (hrs)_________
	
Replication No.______

	1
	2
	3
	4
	5
	6
	7

	Local time
	Interval
(min)
	Cumulative time (min)
	Depth of water in infiltrometer (cm)
	Intake (cm)
	Cumulative intake (cm)
	Infiltration rate
(cm/hr)

	
	
	
	
	
	
	Immediate
	Mean

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



	Double Ring Infiltro meter field data
	Project___________
	Site _______________

	
Date: __________
Author ____________

	GPS Reading
N:_____________
E:_____________
Elevation:________
	Land form_________
Slope Class________
Soil Type__________

	
Micro Topography
________________


	Depth of insertion of ring(cm)__________

	
Pre-wetting time (hrs)_________
	
Replication No.______

	1
	2
	3
	4
	5
	6
	7

	Local time
	Interval
(min)
	Cumulative time (min)
	Depth of water in infiltrometer (cm)
	Intake (cm)
	Cumulative intake (cm)
	Infiltration rate
(cm/hr)

	
	
	
	
	
	
	Immediate
	Mean

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	




The soil survey procedure


Pre-field work


Field work


Post field work


Review of relevant data 


Preparation of survey plan


Collection of relevant document


Field soil survey


Verification of aerial photo


Interpretation of unit boundary


Soil sampling


Auger observation


Profile description


Investigation of IR


Investigation of HC


Data completion and analysis


Soil classification and mapping


Report Writing























































Max temp vs min temp
Max temp	Jan	Feb	Mar	April	May	June	July	Aug	Sep	October	Nv	Dec	26.066666666666666	27.983333333332855	28.088888888888892	27.466666666666669	24.883333333332949	22.527777777777782	21.083333333332913	21.083333333332913	22.511111111111131	23.955555555555559	24.533333333333029	25.005555555555556	Min temp	Jan	Feb	Mar	April	May	June	July	Aug	Sep	October	Nv	Dec	12.188888888888888	13.511111111111006	14.288888888888888	14.533333333333335	13.87222222222233	12.894444444444456	12.78888888888889	12.905555555555576	12.850000000000026	12.93888888888889	12.638888888888888	12.055555555555685	.
Temp vs RH(%)
Max temp	Jan	Feb	Mar	April	May	June	July	Aug	Sep	October	Nv	Dec	26.066666666666666	27.983333333332855	28.088888888888892	27.466666666666669	24.883333333332949	22.527777777777782	21.083333333332913	21.083333333332913	22.511111111111131	23.955555555555559	24.533333333333029	25.005555555555556	Min temp	Jan	Feb	Mar	April	May	June	July	Aug	Sep	October	Nv	Dec	12.188888888888888	13.511111111111006	14.288888888888888	14.533333333333335	13.87222222222233	12.894444444444456	12.78888888888889	12.905555555555576	12.850000000000026	12.93888888888889	12.638888888888888	12.055555555555685	RH(%)	Jan	Feb	Mar	April	May	June	July	Aug	Sep	October	Nv	Dec	62.131152343750415	56.556445312500003	58.149609375000004	65.147656249999997	78.7890625	87.071874999999949	89.425000000000011	90.331249999999997	88.24062500000089	79.003124999999997	73.481250000000756	67.64687499999998	.
SSH
8.5125000000000028	8.3708333333333567	7.8124999999999956	7.7708333333333837	6.0687500000000005	4.8708333333333433	3.1	2.8749999999999987	3.5999999999999988	6.7374999999999998	7.4708333333333865	7.8124999999999956	.
.
PET	116.4	118.2	138.9	141.30000000000001	121.6	99.3	86.4	89.9	95.3	117.8	114.1	114.2	0.5PET 	58.2	59.1	69.45	70.649999999999991	60.8	49.65	43.2	44.949999999999996	47.65	58.9	57.05	57.1	Mean RF	10.231249999999999	13.80625	39.374999999999993	91.024999999999991	269.44374999999923	389.36874999999969	364.65625	397.95	296.80625000000003	157.05625000000001	42.912500000000001	17.062499999999744	     53
Client: OIDA   Consultant: AYJEF Water Works and Business Service PLC    Tele: +251 911 304019    E-Mail:ayconsult1@gmail.com       
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