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EXECUTIVE SUMMARY

The feasibility level soil study had been carried out in the Soriya SSIP, covering some 83ha of land. The main objective of the investigation was to provide detailed information on the land and/or soils of the study area. Soils of the project area are developed on insitu process. The soil classification of the study area has been made based on the World Reference Base for Soil (FAO, 2006). As a result of the investigation two major soil units namely: Luvisols and Nitisols have been identified. 

The content of organic carbon of the area is low at the top and very low in depth with is soil nutrient status of the project site is generally low. The soil reaction is very acidic and the pH value is ranging from 4.70 to 5.06. The CEC value of the project soil types is very high, ranging from 45.34 to 54.14 meq/100g soils.  The BSP is low to medium level, which shows that the soil may be classified as low to medium fertility. The content of phosphorus is very high (from 35.52 to 47.77 mg P2O5/kg soil). Nitrogen value is high to very high (0.5 – 2.0%).  . The content of exchangeable Ca is high, which ranges from 28.98 to 37.13 meq/100g soil, with an average of 33.06 meq/100 grams of soil. Exchangeable Mg is also high, varying from 9.66 to 12.68. The reserve of K is low (0.10 – 0.24 meq/100g soil). These soils have low exchangeable sodium. Thus, it might not have any adverse effect on fertility status. The soils are generally non-saline, non calcareous and non-sodic.

In the case of present work the rate of infiltration is ranging from 10.5 to 13.2 cm/hr with an average value of 11.9 cm/hr, showing that the result is at optimum level to attain desired irrigation efficiency.  The overall result of the hydraulic conductivity varying from 0.23 to 1.3 m/day and its mean value is 0.76 m/day. The value of available water holding capacity of soils is ranging from 166 mm/m to 411 mm/m and the average value is 210 mm/m. The bulk density of the soils on surface soil is between 1.11 and 1.29 g/cm3. Thus, the value of bulk density is less than 1.65 g/cm3 and is not expecting any compaction problems in the surveyed area. 

Land has been evaluated with respect to its suitability for irrigation development. The suitability assessment procedure consisted of comparing the land qualities of each mapping unit with the relevant LUT (irrigated farming). According to the criteria set an area of 82.3 ha was evaluated for suitable for agriculture due to nutrient availability, nutrient retention and steep sloppy land. The major constraints of the area are acidity, poor fertility status and land slope.

The major constraints of the area are acidity and poor fertility status. To alleviate the above mentioned and others related problems should be taken the following mitigation measures:

1. The soil fertility status is low and hence, to maintain fertility status at optimum level it is vital to apply organic and inorganic fertilizers concurrently. 

2. The soil reaction of the soils of the command area is acidic and thus it may require amelioration measure, such as applying of lime to the soil.
1.
INTRODUCTION 

1.1
Background

Soil survey is often the major basis for irrigation land use planning, thus it is essential that extensive soil surveys and investigations are carried out to evaluate land suitability while examining the feasibility of establishing an irrigation   development project in the area. Such soil surveys will ensure selection of soils for sound irrigation management practices. The assessment of soil suitability for irrigation development usually requires the details on the land resources inventory.

1.2
Objectives

The main objectives of the Soil Survey Investigation and land evaluation in the command area are, but not exhaustive: 

To review all previous relevant study results for identification of data gaps and shortcomings and then,

To investigate, identify, analyze and describe the distribution of different soils and terrain units to fill the data gaps,

To assess the potentials of the area to make an assessment of the suitability of the project area for different crop types, 

To determine input requirements and make the best recommendations for the envisaged development based on soil test data,

To produce a soil map at 1:10,000 scales for 50 ha of the small scale irrigation,

To carry out a detailed soil survey, characterization and classification of soils in the project area,

To identify suitable land in the area for irrigation development in the surveyed area and to confirm technically feasible, economically viable, environmentally friendly and socially acceptable,

To produce land suitability maps at 1:10,000.

1.3
Scope of the work

The scope is to carry out using internationally accepted standards, methods and procedures. The work will include the following, but not limited to:

· Review and update the previous studies for the command area to identify data gaps and make a full detailed study of the present study area,

· Delineate and identify appropriate survey areas with the client,

· Conduct detailed field level soil investigation by auguring, pit excavation and in-situ physical tests,

· Conduct standard soil physical and chemical analysis at laboratory level on soil samples which is collected at field level,

· Measurement of infiltration tests using double ring Infiltrometer, in triplicate at representative sites as soil conditions permit,

· Conduct hydraulic conductivity tests in triplicate at representative sites,[
· Prepare soil map at scales of 1:10,000 and observation site, 

· Survey to an average density of one per 10 ha over an area of some 50 ha,

· Production of standard land suitability assessment report for irrigated agriculture,

· Production of land suitability maps at 1:10,000 scales, for irrigation development indicating the suitability rating of each mapping unit,

· Detailed description of each rating per land unit and LUT and, summary tables showing suitability ratings and extent of each mapping unit,

· Discuss aspects of major soils and land management 

2.
 THE PHYSICAL ENVIRONMENT

2.1 
Location and Extent

Soriya small-scale irrigation project area is found in Jamiaa Kebele in Didessaa district of Illu Aba Bora Zone in Oromia National Regional State (see Figure 1). It is situated between latitudes 900400 and 901800 m North and between UTm 205400 and 206900 m East the site is located about 41 kms away from the wereda town of Didessaa being 18 km asphalt, on the main Addis Metu road, and the remaining about 19 km all weather road constructed by URAP program, but currently torn out, and the remaining 4km is inaccessible for vehicles. The scheme is envisaged to develop about 83 ha of land under irrigation. The project area is bounded by Soriya River and the foot slope, it is a formerly bare land mostly used for greasing land with patch of seasonal wetland. 

2.2
Hydrograph 

The main source of water is Soriya River found in the Nile River basin. The study proposed to consume this water source for the pertinent Small scale irrigation, covering some 83 ha. For the sustainable supply of water has been proposed and is being constructed a diversion. This diversion will be built on the Soriya River, which eventually drains to Didessaa River downstream of the project area. 

2.3

Topography, Land Cover & Land Use

Soriya Irrigation Command Area is characterized by flat and gently sloping land forms. The northern part of the command area is bounded by undulating terrain with no settlement in the command area. The western part is forest land and has slope percentage of 2-4. The western and the south western part of the command area is bounded with Soriya River are covered with forest and bushes with patch of seasonal wetland
2.4

Climate 

Climate is a generalized weather conditions over a given region during the comparatively long period. Climate is the most dominating factor influencing the suitability of a plant to a particular area. Weather is a state of the atmosphere at a given place and time. When it is desired to give a state of the weather at any particular time and a particular place, the following elements are considered solar radiation, air temperature, wind movement, relative humidity, and precipitation. 

Solar Radiation: The sun supplies virtually all the energy to the earth. Solar radiation is the source of energy for all physical processes. This energy drives the process of photosynthesis, evaporation, heating the soil and air. Solar radiation is the main source of air temperature. It provides light required for seed germination, leaf expansion, growth of stems and shoots, and flowering, fruiting, and thermal conditions necessary for the physiological functions of the plant. Temperature and rainfall are the major determinants in the selection of suitable tree species. Available forestry data on the requirements of tree species is often in terms of temperature and mean annual rainfall, length of growing season/dry season, or broad climatic zones.

Air temperature is defined as the degree of hotness or coldness of a substance. For which growth each plant, there are upper and lower limits of temperature at which growth is nil and optimum temperature at which growth is maximum. Most of plants grow best at 15 to 300c. In the case of present study monthly minimum temperature is between 11.4 and 14.3 0C and the maximum monthly temperature is varying from 22.4 to 28.90C. The mean monthly temperature is fluctuating from 12.85 to 25.650C. Hence, in the case of air temperature the area is convenient for most tree species.

Rainfall: The rainfall pattern is a bimodal type of rainy season. The short rainy season extends from March to May and the long rainy season starts from June up to September.  The mean annual rainfall is ranging from 15.1 to 157.9 mm per year with mean value of 86.5 mm/year, out of which major rainfall occurs in the months of July and August.

Duration of sunlight: plant development process like rate of leaf production, flowering etc. is influenced by duration of sunlight. Most plants are influenced by the relative length of day and night. The duration of the night or of complete darkness is more important than the daylight. This effect of light on plants is known as photoperdism. Depending on the length of photoperiod, plants are classified as long-day, short-day and day-neutral plants. Long-day plants require comparatively longer-days usually more than 14 hours of floral initiation. In short-day plants, flower initiation takes place when the days are short less than 10 hours. According to the meteorological data obtained from Dedessa station the minimum shine hours of the area are 3.5hours in July and the maximum is 8.7 in December, and thus the site is appropriate for short day plants.

Wind: Wind is horizontal motion of air which travels from a high pressure to a low pressure. The minimum and maximum wind speed of the studied area is 0.2m/s and 1.2m/s respectively.

Relative Humidity:  Humidity refers to the water vapour content of the atmosphere. Liquid water is converted into water vapour by evaporation which necessary energy is provided by solar radiation in the form of temperature. The quantity of water vapour held in the atmosphere at any particular time can be expressed a relative humidity. Relative humidity is the ratio between the amount of water vapour required for saturation at a particular temperature and pressure. It can be expressed as percentage or ratio. The high relative humidity of the Soriya Small scale irrigation is 86.8% in August, while the lowest is 60.8% in February.
Table 1:
Summary of Climatic Data and ETo for the Didessaa Irrigation Project Command

Country: Ethiopia

Station: Dedessa

Altitude: 1875m.                  
Latitude: 3654o E

Longitude: 8.13o N

	Month
	Temperature (oC)
	Humidity

(%)
	Wind sp

m/sec
	Sun shine 

hours
	Rainfall

(mm)
	Eff. Rainfall

(mm)
	ETo

(mm/day)

	
	Min
	Max.
	
	
	
	
	
	

	January
	11.9
	27.3
	66.8
	0.4
	8.4
	15.6
	15.1
	1.49

	February
	13.0
	28.9
	60.8
	0.4
	8.3
	15.9
	15.5
	2.23

	March
	14.0
	28.9
	61.3
	0.6
	7.7
	43.9
	40.8
	3.17

	April
	14.3
	28.3
	65.5
	0.6
	7.8
	82.4
	75.5
	3.91

	May
	13.6
	25.8
	77.3
	0.6
	7.0
	215.0
	141.0
	3.98

	June
	12.7
	23.7
	83.2
	0.6
	5.6
	285.3
	153.5
	3.61

	July
	12.6
	22.4
	85.3
	1.2
	3.5
	288.0
	153.8
	3.01

	August
	12.6
	22.5
	86.8
	0.9
	3.7
	304.4
	155.4
	2.76

	September
	12.6
	23.9
	82.8
	0.4
	5.5
	329.5
	157.9
	2.65

	October
	12.4
	25.1
	72.9
	0.5
	8.4
	89.5
	76.7
	2.41

	November
	12.1
	25.5
	73.1
	0.4
	8.6
	36.4
	34.3
	1.66

	December
	11.4
	25.6
	67.4
	0.2
	8.7
	21.8
	26.0
	1.12

	Average
	
	
	
	
	
	
	
	2.67


Source: AWE, 2016. Hydrology Report
Taking into consideration the rainfall pattern and the altitudinal range, the project area could be traditionally categorized as ‘Woinadega’ agro climatic zone and cool humid plateau agro ecological zone. The length of growing period (LGP) of the study area varies from 100 to 365 days. Generally, the climatic condition of Soriya area is conducive and suitable for the growth and development of many plants.

Soil Temperature Regime: No exact data are available on soil temperature. The mean monthly and annual soil temperature at a depth of 50cm has been estimated by adding 1oC to the mean monthly and annual air temperature (USDA, 1975). Thus, according to available meteorological data of the annual air temperature of the site the soil temperature is 18.8 (17.5 +1 = 18.5 oC) has fallen into the thermic soil temperature regime. The mean annual soil temperature is 17° C or higher but lower than 22° C, and the difference between mean summer and mean winter soil temperatures is more than 6° C either at a depth of 50 cm from the soil surface or at a densic, lithic, or paralithic contact, whichever is shallower.

Soil Moisture Regime: No exact data are available on soil moisture. However, available soil moisture has been estimated with the help of rainfall, evapo-transpiration and available moisture retention capacity of the soils. If the mean annual soil temperature is lower than 22° C and if the mean summer and winter soil temperatures differ by 6° C or more at a depth of 50 cm from the soil surface, the soil moisture control section in areas of the ustic moisture regime is dry in some or all parts for 90 or more cumulative days in normal years, but it is not dry in all parts for more than half of the cumulative days when the soil temperature at a depth of 50 cm is higher than 5°C. If in normal years the moisture control section is moist in all parts for 45 or more consecutive days in the 4 months following the winter solstice, the moisture control section is dry in all parts for less than 45 consecutive days in the 4 months following the summer solstice. Therefore, the soils have an ustic moisture regime.
[image: image2.png]



Figure 1:
Project location map of Soriya Small Scale Irrigation Project 
3 
STUDY APPROACH & METHODOLOGY

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

3.1
Pre-fieldwork
This stage of the entire soil survey work is the preparatory stage and therefore, all the necessary preparatory tasks for the study have been made. Review of all existing previous study results, identification of data gap, and organization of the database and had been carried out. Construction of preliminary legend, interpretation of imagery, whichever was available has been made. Field soil survey guidelines, and field data collection formats for the soil description (pit and auger), infiltration and hydraulic conductivity in-situ tests already prepared and duplicated in a sufficient quantity. A systematic field soil survey planning has been held at this stage. 

During this stage of the work a work plan and preliminary soil mapping unit were prepared for the subsequent ground field soil survey work to be used as a base map. All available materials, topo-maps and other pertinent data sources of previous studies concerning the site has been reviewed and consulted and the base map with geographical coordinates of the observation points showing the location, probable numbers and depth of pits, augers, in-situ test points, etc., have been prepared for proper guiding of the fieldwork. The survey has been based on a combination of flexible grid (for routine auger holes) and free survey at representative sites for soil profile.

· Base Map Preparation

The Base map with geographical coordinates of the observation points showing the location, probable numbers and depth of pits, augers, deep borings, in-situ test points, imagery from Google, etc., have been prepared for proper guiding of the fieldwork. 

3.2
 Fieldwork stage activities

The study has been carried out according to technical proposal that encompasses auger observation, description of profile pit, infiltration and hydraulic conductivity in-situ test. The actual field survey investigation had been carried out from May 8, 2016 to May 18, 2016. 

During this phase the main activities are the ground soil investigation and data collection at an observation density of 1 per 10 hectares of land.  The auger soil description has been made for every 125 x 200m along transect up to the depth of 1.25m except restricted by lithic contact and pits have been excavated up to 2m depths on representative sites.  This was to describe properly the main soil types identified. The soil profile exposed by digging a vertical pit with dimensions of about 1m width, 2m length and 2m depth. The infiltration test has been performed to determine the infiltration rate by double ring Infiltrometer in triplicate.  The hydraulic conductivity test has been conducted in situ by using the inverse augerhole method at 2 representative sites. The field survey was supervised and technical backstopping had been given by the consultant (soil scientist by profession). Thus a total of about 10 auger observations (about 90 ha gross area and 10% of auger observation was profile pits, which were equivalent to about 2 profile pits). 

The soil profiles were described in situ following Guidelines for Soil Profile Description (FAO, 2006). Two soil profile pits were excavated and described at different slope gradients on various positions of the landscape and 7 samples collected from identified genetic horizons for standard physical and chemical soil analysis. The samples were processed and analyzed for physicochemical properties, following standard laboratory procedures. 

The field survey methodology has been based on a combination of the grid, (for routine auger holes) and free survey based on representative site based on soil map unit or geomorphology map (for soil profile pits) techniques. The purpose was to cover the whole area, as much as possible with a fair distribution and an attempt to survey across the grain of land unit changes. An auger hole survey has been carried out on geomorphology or traced normal to contour line as appropriate on site conditions. The observations have been made by the decisions of the field surveyors, right on the spot where land unit changes proved to be different. This is to confirm the location of soil boundaries identified as a result of auger survey. From the auger holes soil morphological characteristics which were less affected by auger such as the thickness of each horizon, soil color (with the help of Munsell Color Charts); presence and characteristics of mottles, field texture, rock fragments, cementation/compaction, mineral nodules, and presence of CaCO3 (using 10% HCl) described and recorded on the second page of the pre-prepared formats. 

3.3
Post Fieldwork Stage 

Prior and during this stage a systematic re-interpretation Global-Mapper/ Gogol-earth, field and laboratory data entry, analysis and interpretation of the results, final legend construction, thematic map preparation and report writing  has been made.

3.3.1.
Laboratory analysis
A total of 7 Soil samples have been collected from 2 profile pits for laboratory analysis and have been sent to WWDSE soil laboratory for standard analysis for investigation of chemical and physical soil characteristic. A list of the required type of parameters for soil sample analysis and the number of each item are presented in Annexes of this report. 

Soil samples, which have been sent to the laboratory for analysis have been air-dried and crushed to pass through a 2-mm sieve size according to the procedures outlined by Van Reeuwijk (1993) unless otherwise specified. Then each parameter analyzed based on standard methods as follows:

· Soil pH will be measured in H2O and 1 M KCl at a soil/solution ratio of 1:2.5.

· Organic carbon (OC) determined by the wet combustion procedure of Walkley and Black method.

· The available phosphorus content of the soils determined by 0.5 M sodium bicarbonate extraction solution (pH 8.5) method of Olsen.

· Electrical conductivity (EC) determined as a soil/water ratio of 1:2.5. 

· The action exchange capacity (CEC) determined by saturation with NH4OAc (ammonium acetate) at pH 7 and subsequent replacement of NH4+ by Nail extraction. 

· Particle size distribution determined by the hydrometer method following pre-treatment with H2O2 to remove organic matter and dispersion aided by sodium hexametaphosphate.

· The determination of exchangeable Na, K, Ca, Mg (meq/100gm of soil) employed ammonium acetate method at pH 7 (Jackson, 1970).  

· In the analysis of exchangeable acidity has been used potassium chloride Extraction method. This is the acidity (H + Al) released upon exchange by an unbuffered 1 M KCl solution. It may also be designated actual acidity (as opposed to potential or extractable acidity).

· The free CaCO3 content of the soils determined by acid neutralization method.

· Total nitrogen determined by the Kjeldah method.

· Bulk density Moisture volume at field capacity (1/3 atm) and at permanent wilting point (15 atm) for pF ring core samples

3.3.2
 Data Encoding and Processing 

All those data, which collected from the field encoded in the computer. Data have been edited during the encoding process. Image interpretation and finalization of legend construction completed at this stage.  The designed major soil types and mapping units by the senior soil expert gave to the GIS sector to produce the draft maps.

3.3.3
 Legend Construction and Thematic Map Preparation 

It has been developed: 10,000 soil-terrain map with final self-contained legend based on field data, laboratory result and imagery interpretation. 

4 
LANDSCAPE CHARACTERISTICS

4.1
Landform
Landforms are the most important environmental factor influencing forest management requirements through their effects on road construction and maintenance and ease of use of machinery. The predominant landform of the command area is high relief hills and severely dissected side slopes. 

4.2
Topography
The topography or surface configuration of the area is the most important landform characteristic considered in estimating the land development costs and the suitability of land for certain purposes. It is studied with respect to its two important aspects i.e. slope and micro-relief, as discussed below. 

Slope refers to the inclination of the land surface from the horizontal, which is generally measured with the help of clinometers and expressed in terms percentage or in descriptive terms (0-2%: flat, 2-4 almost flat, 4-6% gently sloppy land). In the case of present work the slope class is categorized into five class 3-5%, 5-10%, 10-15%, 15-20% and >20% (see table 2). The studied area is predominated by 10-30% slope class, thus the area is not suitable for mechanization and surface irrigation development. The slope class of the surveyed area categorized into five classes and its extent is shown in Table 2.

Table 2:
Slope Class

	Sr No
	Slope Class (%)
	Description
	Area (ha)
	Area (%)

	1
	0 - 2
	Flat 
	17.8
	25.4

	2
	2 - 4
	Gently Undulating
	25.6
	36.6

	3
	4 - 6
	Rolling 
	13.4
	19.1

	4
	6 – 8
	Gently Sloping
	5.7
	8.1

	5
	8 – 10
	Sloping
	5.1
	4.7

	6
	10– 30
	Very Sloping
	15
	6
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Figure 2:
Slope map of Soriya Small Scale Irrigation project
4.3

Presence of Surface and Subsurface Rock Fragments

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

4.4

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

5 
SOIL PHYSICAL CHARACTERISTICS

5.1

Parent Material

The soil studied area predominantly developed on Trap Series Volcanic and in situ weathered basaltic parent material.

5.2

Effective Soil Depth/Root-ability
Effective soil depth is the depth of the soil that may be exploited by plant roots. Rooting depth is classified as follows: 

· 0-25 cm = Very shallow
· 25-50 cm = Shallow
· 50-100 cm = Moderately deep
· 100 – 150 cm  = Deep
· 150 – 200 cm  = Very Deep
Regarding the surveyed area the effective soil depth is characterized by moderately deep to very deep. The extensive area is covered by deep rooting depth, varying from 100 to 150 cm depth. While shallow depth (< 50 cm) is less extensive and limited to sloppy area. Hence, the rooting depth is suitable for any crops and irrigation farming. So the soil depth will not be a constraint for the present irrigation development project.
5.3

Soil Colour

[

Soil colour is the most noticeable features of the soils that can be without difficulty recognized by any person.  It is related to specific chemical, physical and biological properties of the soils.  The soils of the study area have a color of dark reddish brown, dusky red and dark red. 

5.4

Soil Texture

Soil texture implies a relative proportion of sand, silt and clay in the fine earth fraction-the soil material smaller than 2mm in diameter. It has been described by feeling method in the field and by hydrometer method in the laboratory. 
The major texture classes of the investigated soils are clay. The result of laboratory analysis showed that the overall clay on top soil varied from 50.91% % to 76.4%, with an average value of 64.56%, while in sub soil and ranging from 41.86% to 79.78% with a mean value of 64.03%. The top soil content of sand is ranging from 4.55 to 27.88% with an average of 13.01%, while in subsoil slightly increased and ranging from 4.66 to 24.83% with an average of 14.19%. The silt content in topsoil is between 10.55 and 24.83%, whereas in the subsurface, its content is increasing from 12.67 to 39.67% with an average of 21.79%.

Below the surface layers invariably became finer, owing to clay migration, which was confirmed by clay coatings observed in the subsurface layers of some pedons. The texture of the subsurface horizons became finer with depth, due to migration of clay from surface to lower horizons in some pedons.  It was also evident in the progressive decrease in the silt: clay ratio with a depth of pedons. The low silt-to-clay ratios in the subsoil layers also indicate that the soils are at an advanced stage of development (Abayneh, 2005), and confirm the existence of clay migration in the pedons. The presence of an appreciable amount of the silt fraction in the surface soils could increase the water-absorbing ability of the respective soils, and facilitate a longer period of soil water retention for plant utilization. 

As the soil is predominantly clay textured, its susceptibility to erosion (erodibility) could be high. As various studies have shown that the clays in the rainforest soil are chemically less active and therefore less efficient at retaining nutrients. At depths of just a few centimeters below the soil surface, there is practically no organic matter at all.

5.5

Soil Structure 

The soil structure was generally angular to sub-angular blocky of various degrees and in the subsurface horizon. In the project area, the top soil being red and reddish brown, have weak granular structure while the subsoil have moderate and medium sub angular blocky structure. In these soils, there is no hardpan or cementing materials in the surface and subsurface soil and as such compaction will not be a problem under careful machinery operation planning. 

5.6

Consistence

Consistence refers to the response of soil material to apply force or pressure. The vertices are, very friable when moist and very sticky and very plastic when wet.
5.7

Porosity of the Soil

The pore space of the soil is a portion of the soils occupied by air and water. Total porosity of void is calculated from the value of bulk-density and particle density.


% Pore Space= 100-Bulk Density/Particle density x100

In normal condition clay soils may have 50-60% pore space whereas, sandy soils have low pore space about 30%. In the study area the calculated value of soil porosity is varying from 53.58 to 63.77% with an average of 57.92%. Thus, the result confirms the theoretical basis.

5.8

Bulk Density

Bulk-density of a soil is the weight of a known soil volume compared to the weight of an equal volume of water, or weight per unit volume. Bulk densities above 1.75g/cm2 for sandy and 1.46-1.63 gm/cm3 for silty and clays are quoted as causing hindrance to root penetration. Generally in normal soil bulk density ranges from 1-1.65g/ cm3. In very compact soils, sometimes, it goes up to 2.0g/cm3.

To measure bulk density of the soils in the Soriya Small scale irrigation   undisturbed soil samples taken by using the core sampling cylinder, were sent to Soil Laboratory. The bulk density of the soils on surface soil is between 1.23 and 1.29 g/cm3, the average value is being 1.26 g/cm3. The overall minimum value of bulk density is 1.23 g/cm3 and its maximum is 1.39 g/cm3 with an average of 1.32 g/cm3. Thus, the value of bulk density is less than 1.65 g/cm3 and is not expecting any compaction problems in the surveyed area.

6
 SOIL BIOLOGICAL CHARACTERISTICS

6.1

Organic Matter Content

Sequestration of carbon in agricultural soils through appropriate management actions has been recognized as an important tool to mitigate climate change. Carbon is the main element present in soil organic matter, on average making up 58% by weight.  Organic carbon is the principal storehouse for nutrient influencing soil structure and biological activity. It has been determined by using Walkly and Black method in the laboratory and has been expressed in percentage (%).

The overall organic carbon (C) content of the soil profiles ranged from 0.47 % to 2.48 % with an average of 1.48%. On surface soils, it varied from 2.25% to 2.48% with an average of 2.37%, indicating that the level of organic carbon is in low level.   The organic C content of the soils was low and consistently decreased with depth, as compared to the subsoil horizons in the respective profiles. 

The value of organic matter has been obtained by multiplying the organic carbon content by factor 1.72. The overall organic matter content of the irrigation project area ranges from 0.81 to 4.27 %. On the soil surface it varies from 3.87 to 2.47 % and the average value is 4.1%. This indicates that the level of the organic matter is moderately and the soil of the project area moderately less fertile.  

6.2

Content of Roots

Larger roots contribute to the tree’s stability (Coutts et al.,1999), provide a network of transport vessels for water, nutrients (Coutts, 1987), other metabolic compounds, and act as a food storage organ during periods of dormancy. However, to take up water and nutrients efficiently (and increase structural support), it is necessary for root systems to establish an intimate interface with the surrounding soil (Coutts, 1987). This is achieved by the production of many fine roots and root hairs that significantly increase the surface area at the root and soil interface. It is uncommon for roots to penetrate to a depth greater than 2 m, with 80–90% found within the top 60 cm of the soil profile. As mentioned, many factors can influence the rooting habit of a tree; this Note focuses on the influence of species and soil properties

In the case the present work soils have many fine and medium and very few coarse roots have been observed mostly in the top soil up to the depth of 40-50cm. The abundance of roots decreased in deep depth and very few coarse and fine roots have been encountered at depths from 50 to 200cm. 

7
 SOIL HYDROLOGICAL CHARACTERISTICS

7.1

Drainage

The moisture condition of the soil was moist in topsoil up to 30cm deep but increasing downwards. The ground table of the investigated area is very deep and there is not any record of the occurrence of flooding in the area. The soil drainage class is classified as moderately drained soil.

7.2

Infiltration Rate

It is the rate at which water enters the soil surface under given conditions. It is measured in the field for representative soils, generally using the Double-ring Infiltrometer method which is described in the FAO soils bulletin 42. Infiltration is important for selection of suitable methods and design, selection of irrigation type, calculation deep percolation losses, irrigation efficiencies and crop water management. Optimum basic infiltration rates for surface irrigation are considered to be in the range of 0.7-3.56 cm/hr, although acceptable values normally range from about 0.3 to 6.5 cm/hr.

In the case of present work the rate of infiltration is ranging from 8.5 to 12.6 cm/hour with an average value of 10.6 cm/hr, showing that the result is moderately rapid, thus the infiltration rate result indicates carful management for surface irrigation. 

7.3

Hydraulic Conductivity

The soil hydraulic conductivity or permeability refers to the ability of a soil to transmit water through its body, vertically as well as horizontally. It was measured by using the Inverse Auger-hole method test described in the FAO soils bulletin 42. The overall result of the hydraulic conductivity varying from 0.23 (very slow) to 1.3 m/day (moderately) and its mean value is 0.76 m/day (moderately).
7.4

Field Capacity  

If a soil, not under cultivation, is saturated and left to drain, the moisture stored in the pore space after drainage is known as field capacity.  The moisture is held against gravity by a force known as moisture tension.  The tension is expressed in equivalent atmosphere. One atmosphere is equal to a section or negative pressure of 1 kg/cm2.  At field capacity soil retains moisture at about 1/3rd atmosphere.  The field capacity of soil most necessarily depends on the soil texture.  A fine textured soil will retain more water than a coarse textured soil.  The field capacity value of the present work varies from 28.53 to 41.66%.
7.5

Permanent Wilting Point (PWP)

Removal of soil moisture by crop roots reaches a stage when the soil particles exert a greater tension on the soil moisture than the crop roots can exert to extract the remaining moisture.  When this condition is reached the soil is said to be on permanent wilting point.  The corresponding soil moisture tension is about 15 atmospheres. The PWP of the project area ranged from 15.27 to 20.01%
7.6

Available Water Capacity

Available water capacity (AWC) is the volume of water retained between field capacity and permanent wilting point.  However, all available moisture is not accessible to plants due to imperfect drainage, hydraulic conductivity of soil, root concentration at different depths and stage of plant growth.  A rule of thumb is that the readily available soil moisture is about two third of the total available moisture between field capacity and permanent wilting point.  To calculate AWC the following formula is used.

 AWC = 
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The minimum value of available water holding capacity of soils within the study area is at 30.9 mm/m, whereas the maximum value is 60.2 mm/m and the average value is 48.8mm/m, representing that the AWC is moderate. 

8
 SOIL CHEMICAL CHARACTERISTICS

Chemical properties of soil, in general, influence the planning of agronomic development programs best suited to the proposed irrigation projects and evaluation and monitoring schemes.  The chemical characteristics of each soil mapping units have been analyzed and discussed on the basis of results of laboratory analysis of soil samples collected in the field.

8.1

Soil Reaction

The exchangeable aluminum is in equilibrium with dissolved aluminum in the soil solution and reacts with water to form hydrogen ions in the soil solution: Al3+ + H2O < — > Al (OH) 2+ + H+

The larger the percentage of exchange sites occupied by aluminum, \the greater the amount of hydrogen formed, thus the lower the pH and the higher the acidity of the soil. Over time, soils become more acid due to the leaching of calcium (Ca2+). 

Acidification also occurs when hydrogen is added to soils by decomposition of plant residues and organic matter and during the nitrification of ammonium added to soils as fertilizer (UAN solutions, urea, ammonium nitrate, ammonium sulfate, anhydrous ammonia), manures, or plant residues: NH4+ .The H+ added to soils reacts with the clay minerals (aluminum silicates) and releases Al3+, which goes on to the exchange sites, contributing to soil solution acidity, as noted above. Soil pH also influences the concentration of many dissolved ions in the soil solution, including aluminum, which decreases in concentration as soil pH increases.

Lab tests should provide an analysis of exchangeable acidity as a percentage of the cation exchange capacity. Values above 60% exchangeable acidity (or less than 40% base saturation) indicate a potential toxicity problem. Plant testing can confirm toxicity exists if a concentration above 200 ppm (mg/kg) total aluminum is detected in mature tissue.

The pH value of soil is an important indicator, which describes acidity and alkalinity of the soil and the availability and toxicity of macro and micronutrients.  pH value is determined by pH-meter in a 1: 2.5 soil-water suspensions. 

The overall pH value of all soil units in the project area is between 4.7 and 5.06 with an average value of 4.88, while on top soil its value varies from 4.8 to 4.74 with an average of 4.77, showing that the soils of the project area are acidic. 
Strong soil acidity means that relatively few organisms exist in the soil and the turnover of organic matter is slow. Under these conditions the organic layer comprising the topsoil is usually thick and consists of a litter layer (L) (largely un decomposed), overlying a fermentation layer (F) in which there is some decomposition of the organic remains, and this in turn overlies a humus layer (H) in which decomposition of the organic remains is more or less complete. The turnover of plant remains into nutrients that can be re-used by the trees is very slow here, and is in strong contrast with the rapid turnover experienced in the tropical rainforest.

8.2

Electrical Conductivity

The electrical conductivity (EC) is measured in a saturation of an extract of the soil water suspension using a conductivity meter. The electrical conductivity measurements are used as an indicator of total soluble salts in the soil.  The EC of the project area varied from 0.01 to 0.02 ms/cm with an average of 0.015 ms/ cm. In general, the EC values indicate that the soils in the project area are free from salinity. Hence, EC should not be a constraint for any plant species.
8.3

Exchangeable Sodium Percentage

The exchangeable sodium percentage is the degree of saturation of the soil exchange complex with sodium and may be calculated by the formula. ESP is usually a good indicator of the structural stability of a soil and physical response that may be anticipated when water is applied soils with ESP >15% is classified as Sodic. In the present work the calculated value of exchangeable sodium percentage (ESP) is negligible and its value varies from 0.23 to 1.09%. Therefore, the soils of the project area is non sodic.
8.4

Cation Exchange Capacity

Cation Exchange capacity (CEC) is the capacity of a soil to attract and exchange of positively charged ions (cations) in reversible chemical reactions within the soil solution is a quality important for soil fertility and soil genesis studies. The CEC value was obtained by using ammonium acetate method at pH value 7 and in miliequivalent/100 gram of soil.  

The cation exchange capacity (CEC) of the soils across the surface and subsurface layers varied between 45.34 to 54.9 meq/100 gm with a average value of 50.12meq/100g of soils, which could be rated as very high  (Landon, 1991).

8.5

Base Saturation

The magnitude of total exchangeable basic cations followed the same trend. This was in contrast to the normal principle of basic cation distribution. However, the data suggest that the immediate weathering products on the topographic high would have been of basic nature, as observed in basaltic soils (Heluf & Mishra, 2005). The value of the Percentage Base saturation (PBS) is obtained by dividing the sum of exchangeable cations by Cation Exchange Capacity and is expressed in percentage.  PBS value of 50% or above are referred to as “Eutric” and classified as high, while values below 50% are referred as Dystric low.

The calculated value of base saturation of all soil mapping units was between 50% and 76%, with an average of 58%, however, PBS on top soil is between 50 and 69% with an average of 57%. In general it has a high inherent fertility status. 

8.6

Exchangeable Sodium (Na+)

The overall content of exchangeable sodium of the study on soil surface in the study areas varies from 0.1 to 0.4 with an average of 0.21 meq/100 grams of soil. Thus, exchangeable sodium will not imply an adverse effect on soil properties.

8.7

Exchangeable potassium (K+)

Potassium has a counter balancing effect on the result of nitrogen excess. It enhances the synthesis and translocation of carbohydrates, thereby encouraging cell wall thickness and stalk strength.

In studied area at surface soils the content potassium varies from 0.16 to 0.24 with an average of 0.2 meq/100 grams of soil. In subsoil its content is between 0.10 and 0.17 meq/100 g soils, with a mean value of 0.14 meq/100g soil. In general the level of K is medium. The availability of potassium in the soil is usually judged by Ca + Mg/k ratio. If the ratio exceeds 40 there would be lack of K. The optimal range is 15 to 25. In the case of the present study the ratio varies from 2.96 to 3.21 with an average of 3.09. In most cases the result of the analysis indicates that the deficiency of potassium and high content of Mg and Ca. The low content of K may be as a result of the nature of the parent material. Also, it has been indicated that K is in a fixed state.  Since such fixation also means high K buffering capacity, the low K content per se may not be enough to warrant any inadequacy for plant growth in soil of the project area. About 10 to 20% of such fixed K may be released during the cropping season.
8.8

Exchangeable Calcium (Ca2+)

Calcium pears to be essential for the growth and functioning of root tips. It helps the movement of carbohydrates from one part of the plant to the other and for helping to regulate sap acidity. 

According to the laboratory results, the content of exchangeable calcium in surface soil is high, ranging from 35.09 to 37.13 meq/100g soil with an average of 36.11 meq/100 grams of soil. On sub-soil the content of exchangeable calcium is high and varies from 28.89 meq/100g soil to 36.16 meq/100 g soils with mean value 32.75 meq/100g of soil. In both cases the level of calcium is high

8.9

Exchangeable Magnesium (Mg2+)

Magnesium is a constituent of chlorophyll. It is with other nutrient elements, a deficiency of magnesium results in characteristic discoloration of leaves.   

The top soils of the project area have low to high exchangeable magnesium varying from 11.70 to 12.68 meq/100 g soils with an average value of 12.19 meq/100 gram of soil. Well, their content below the surface is varied from 9.66 to 11.47 meq/100g soil, with an average value of 10.6 meq/100g soils. Thus, the overall status of Mg is very high. 

8.10

Cationic Ratios

8.10.1

Potassium to Magnesium Ratio (K: Mg)  

If the ratio of potassium to magnesium is more than 2:1, magnesium uptake may be inhibited.  The ratios of K and Mg on top soil as recorded for the project area range from 0.2 to 12.9, with an average value of 0.01, which indicates that the result is at recommended level especially for vegetables.

8.10.2

Calcium to Magnesium Ratio (Ca: Mg)

The minimum ratio of calcium to magnesium (Ca: Mg) in most soils of the project area is 2.96 while the maximum is 3.21 with an average value of 3, which indicates that the value in most cases is at optimum range for most crops. 

8.11

Organic Carbon

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

Carbon is the main element present in soil organic matter, on average making up 58% by weight.  Organic carbon is the principal storehouse for nutrient influencing soil structure and biological activity. It has been determined by using Walkly and Black method in the laboratory and has been expressed in percentage (%). The critical level of organic carbon is 1.2%. The organic carbon content of the soil ranges from 2.25 % to 2.48 % with an average value of 2.37%, indicating that the level of organic carbon level soil is classified as low. 

8.12

Total Nitrogen

Nitrogen is an essential nutrient element, which highly influences the plant growth.  It is a constituent of chlorophyll, plant proteins and nucleic acid. The total nitrogen content of the project area has been determined by using the kjeldahi method in the laboratory. The top soil total nitrogen of the project area ranged from 1.40 to 2.0 % with an average of 1.7%. In the sub soil it varies from 0.80 to 1.20 % with an average of 1.0 %. Generally, the content of the TNT is high.  

8.13

Carbon to Nitrogen Ratio (C: N)
Nitrogen most often controls the rate of organic matter decomposition; it is needed to build protein in new bacterial and fungal population. The nitrogen in microorganism and organic material is given as the carbon: nitrogen ratio. Soils or materials with small    or narrow are relatively rich in nitrogen, while those with higher or wider ratios are relatively low in nitrogen.  The plant residues with C: N ratios 20:1 or narrower have sufficient nitrogen to supply the decomposing microorganism and to release nitrogen for plant use. Residues with C: N ratios of 20:1 to 30:1 supply sufficient nitrogen for decomposition, but not enough to result in much release of nitrogen for plant use.   The C: N ratio of humus ranges between 10 and 12, which is considered as a good quality of organic matter. The C: N ratio of for the present work varies from 1.7 to 2.37 with an average of 1.4. The mean value of the C: N ratio is indicating that out of the total data most of the result is falling into low range of organic level.
8.14

Available Phosphorus

Available phosphorus is the amount of phosphorus readily available for nutrient absorption by plant roots. The content of available phosphorus in surface soils of the project area ranges from 40.48 to 47.77 to 44.13 mg P2O5/kg soil with an average value of 77.33, while the available P under the surface soil varies from 35.52 to 41.74 mg P2O5/kg soil with an average value of 38.63 mg P2O5/kg soil Thus, from the result it is possible to conclude that there is a High reserve of available P. In actual condition, high level of available phosphorus for plants in acid soils might not be expected. But, the present laboratory result has shown high available P, may be due to laboratory procedure errors.  Some study result revealed that the presence of high level of available in acid soils could induce adverse effects to water quality from soil erosion of high P soils.

8.15

Sodicity

The exchangeable sodium percentage is the degree of saturation of the soil exchange complex with sodium and may be calculated by the formula: 




ESP=
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 ESP is usually a good indicator of the structural stability of a soil and physical response that may be anticipated when water is applied Soils with ESP >15% is classified as Saudis.  The value of ESP is ranging from 3.42 to 3.35%, with an average of 3.39%, indicating that the soil is not sodic. 
9

THE SOILS OF THE STUDY AREA

9.1

Soil Formation

The types of soils, which are developed in the study area is largely controlled by five major factors, including climate, living organisms, parent material, topography and time. These soils forming factors are also the cause of soil forming processes. The following processes which are considered to be dominant in the surveyed area areː 

Weathering is basically a combination of destruction and synthesis. Rocks are first broken down into smaller rocks and then into the individual minerals of which they are composed. Simultaneously, rock fragments and the minerals therein are attacked by weathering forces and are changed to new minor modification or by complete chemical changes. As weathering is common in tropical area it goes smoothly in the study area. Because of the high temperature and rainfall weathering process is relatively rapid. The weathering products vary from sandy loam to clay for the studied soils.

Ferrugination releases of iron by weathering and dispersion of particles of iron oxide in increasing amounts, their progressive oxidation, giving the soil mass brownish, reddish brown and red colors respectively. In the Soriya Small scale irrigation project most of the soils with good drainage have dark reddish brown colour because of ferrugination.

Soils have supported trees for some 350 million years. In the years to the present there have been huge changes in the distribution and nature of forests, driven by changes in climate which also led to changes in the soils in which they grow. There was a time when the tree was the principal life form on earth. With the advent of humans, this has now changed but trees still cover a major part of the earth's surface and provide most of its biomass. The relationship between trees and the soil is an extremely important one. Trees rely on the soil for anchorage, for nutrients and for water; hence there would be few, if any, trees without soil. In turn, trees as well as other plants are an important factor in the creation of new soil as leaves and other vegetation rots down and decompose.

9.2

Soil Classification System

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

Soils were further subdivided based on soil phases, which indicate surface and subsurface features of land that have an impact on soil management and agricultural use. The physiographic position, drainage characteristics of the soil, soil depth and textural classes were also important in the soil classification in the area. Accordingly the soils of the project area broadly fall into two major units, namely Nitosols and Luvisols. 

Nitosols: According to World Reference Base for Soil Resources 2006 soil classification Nitosols are soils having an argillic B horizon with diffuse horizon boundaries and subsurface horizon with more than 30% clay and moderate to strong angular blocky structure. Nitisols are soils, which have B horizon with shiny pedefaces and The change in clay content with the overlying and underlying horizons is gradual and their hues is 2.5YR and value (moist) less than 4. In this case the soil color is dusky red 2.5YR3/2) to dark reddish brown (2.5YR3/3). The ratio of silt to clay is less than 0.8. The clay content of top soil is varied from 43.78 to 45.69% with an average of 44.74% while the clay subsoil is greater and ranging from 55.71 to 68.71% with an average of 62.21%.

The minimum pH value is 4.6 and the maximum is 6.7 with an average value of 5.6. As a result the soil reaction is strongly acid. The organic matter is ranging from 0.49 to 2.49 % with an average of 1.49%, indicating that it is at low level. The average proportion of organic carbon to total nitrogen (C/N) is 1.24. 

LUVISOLS :  Luvisols are soils that have a higher clay content in the subsoil than in the topsoil as a result of pedogenetic processes (especially clay migration) leading to an argic subsoil horizon. These soils are characterized by well drainage, many fine and medium pores with faint cutanic features on the 'B' horizon. The color of the soil is strong brown (7.5YR 4/6) to reddish brown (5YR4/3). The clay content of top soil is varied from 45.69% while in sub soil the clay content is increasing and its value is 68.71%. The soils have low level of organic carbon, which varies from 0.47 to 2.25% with an average of 1.36%. The bulk density of the Luvisols of the project area is ranging from 1.19 to 1.29 with an average value of 1.24 g/cm3.
The soil reaction is very acidic (pH=4.74 to 5.06). The minimum value of total nitrogen is 0.5 and the maximum value is 1.4 and its average is 0.95%, indicating that the status of the nitrogen is at low level. The proportion of organic carbon and nitrogen is 1.6.

The content of available phosphorus is high, ranging from 25.29 to 47.77 mg P2O5/kg soil. This soil has very high CEC with an average value of ranging from 45.34 to 53.78 meq/100 g soils and the BSP is 90%.

10
 SOIL MAPPING UNITS

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

· Soil class

· Erosion hazard

· Stoniness

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

10.1

Legend Formation

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

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

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

· Third Arabic number showing the second level of generalization (soil units).

Example: 


Geomorphic unit (Rolling and strongly sloping Hill)

                                       
Soil unit Districtic Nitosols)


    Hi   NIdye
       






   
      Phases (severely eroded)

10.2

Description of Soil Mapping Units

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

Soil Mapping Unit-1: This mapping unit refers to Vertic Luvisols and developed on flat land within the slope ranging between 0 and 2%. It is subjected to alluvial processes. The total extent of the unit is 17.8 ha (21.6%). The soils are very deep (>150 cm), imperfectly drained, very dark brown (10YR 2/2).  The surface soil is clay in texture, in the sub soil is also clay.  The silt content is varying from 18 to 27%. The Clay is ranging from 53.4 to 42.1% and the sand fraction is between 29 and 31%. Consistence is very friable when moist and very sticky and very plastic when wet. Surface soils have moderate granular structure, while subsurface soils have moderate medium sub angular structure. The overall bulk density is between 1.19 and 1.16 g/cm3. Hence, soil compaction would be a constraint for the land unit. 

The pH value is between 4.8 and 5.0, showing that the soil reaction is acidic. The soils have low organic carbon content, (2.480%) and decreased in subsoil. The content of total Nitrogen is also medium, (2%) and decreased with depth. The proportion of carbon and total nitrogen is 1.4, showing it is poor. The available phosphorus is very low with value of 98.21mg/kg, indicating that the soil response to use of fertilizer is very high. The cation exchange capacity (CEC) is at high level with value of 54.14meq/100g soil.  The base saturation percentage is high (90%). The soils can be referred as Eutric class. The exchangeable sodium very is very low (1.85 meq/100 g soil). In this case sodium might not cause any hazardous effect on soil property.  The value of exchangeable potassium is intermediate with value of 0.24 meq/100g of soil. The value of calcium and magnesium of this unit is high level and their value is 37.13 and 12.68meq/100 g soil, respectively.  
Generally, the fertility status of this mapping unit is low to medium and requires proper application of inorganic and organic fertilizers to improve and to maintain the soil fertility.

Soil Mapping Unit-2

This mapping unit refers to Eutric Nitisols developed on very gently undulating land with the slope ranging between 2 and 8%. It is subjected to alluvial and colluvial processes. The total extent of the unit is 44.4 ha (53.9%). The soils are very deep (>150 cm), well drained, reddish brown (5YR 4/4).  The surface soil is clay loam in texture, while the sub soils fall in clay textural classes. The silt content is varying from 25 to 37%. The Clay is ranging from 43 to 68% and the sand fraction is between 13 and 19%.  Moderate fine and medium angular blocky structure; hard when dry; firm when moist, sticky and plastic when wet with common termite channels. The bulk density is between 1.19 and 1.29 g/cm3. Hence, soil compaction would not be any constraint. Common termite mounds have been noted on surface. The land cover type is residential and sparsely cultivation. The farming system mixed rainfed arable cultivation. 

The pH value of the topsoil is 4.74, showing that the soil reaction is high acidic. The soils moderately low organic carbon and its value is 1.29%. The content of total nitrogen is also low (0.5%). The proportion of organic carbon and total nitrogen is 1.0, showing the organic matter quality is low. The available phosphorus is high (32.5 mg/kg), indicating that the soil may not needs phosphorus fertilizer currently. The cation exchange capacity (CEC) is high with a value of 45.9 meq/100 g soil which is satisfactory for agriculture with fertilizer application.  The base saturation percentage is very high (120%). The soil is non saline with value of EC 0.01 mS/cm. The soils are non sodic with value of ESP less than 3.71%. The soils are also calcareous. The exchangeable sodium is 1.80meq/100 kg soil. In this case sodium might not cause any hazardous effect on soil property.  The value of exchangeable of potassium is 0.16 meq/100 g soil, showing that potassium is in low category. The value of calcium of this unit is at high level and its value is 35.09 meq/100 g soil. The Mg is at very high level (11.70 meq/100 g soil).  

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

Soil Mapping Unit-3: This mapping unit refers to Chromic Cambisols developed on sloppy land within the slope range >8 %. The land unit covers some 20.1 ha (about 24.4% of the total command area).

Table 3:
Legend of Soil mapping Units of Soriya Small scale irrigation  

	Sr.

No
	Mapping Units
	Description

	1
	SMU 1
	Very Deep, clay to clay loam,, Very dark brown (10YR 2/2) imperfectly drained, moderately develop sub-angular blocky structure,  friable when moist and very sticky and plastic consistence, developed on nearly level plain (0-2%), (Vertic Luvisols (Eutric)



	2
	SMU 2
	Deep, clay dark reddish brown (5YR 3/3), well drained, moderately develop sub-angular blocky structure, hard when dry, friable when moist and sticky and plastic consistence, developed on gently undulating plain (2-8%), (Haplic Nitisols (Eutric))


	3
	SMU 3
	Shallow to moderately deep, Clay Loam, dark reddish brown (5YR 3/3), well drained,  developed on sloppy land (>8%), (Cambisols)
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Figure 3:
Soil Mapping Units of Soriya Small Scale Irrigation Project
Table 4:
Physical and Chemical Characteristics Soil/Land Mapping Units of Soriya Small scale irrigation  

	Soil Mapping.
	Area
	Temp. (0C)
	Relative humidity (%)
	Depth (Cm)
	Slope %
	Texture top 20cm
	Drainage, class
	Erosion, status
	Ave. IR measured (cm/hr)
	pHof top soil
	CEC meq/100g soil of top soil
	PBS ( %) of topsoil
	Ave. HC, Measured (m/day)
	OC (%) of topsoil
	TNT (%)
	P2O5 (mg P2O5/kg soil
	Sur. Stoniness (%)
	Subsurf. Stoniness (%)
	AWC (mm/m)
	Represent. Pit

	Unit
	Ha
	%
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	SMU 1
	17.8
	21.6
	19.21
	73.6
	200
	0-2
	CL
	I
	N
	8.2
	4.80
	45.34
	69
	0.8
	2.25
	2.0
	44.13
	N
	N
	210
	SyP-01

	SMU 2
	44.4
	53.9
	19.21
	73.6
	200
	2-6
	C
	M
	N
	12.6
	4.74
	54.90
	50
	1.3
	2.48
	1.4
	47.77
	N
	N
	170
	SyP-02

	SMU 3
	20.1
	24.4
	19.21
	73.6
	150
	
	CL
	E
	N
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	82.3
	100
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


11

LAND SUITABILITY EVALUATION

11.1

General

Land evaluation and associated investigation should be central to any development activity (Ongaro, 1998) and any development should take into account the concept of sustainability. Land evaluation is the selection of suitable land, and suitable cropping, irrigation and management alternatives that are physically and financially practicable and economically viable.  The land evaluation is generally presented in the form of land suitability classes. 

11.2

Land Suitability Classes


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

· Order "S" -Suitable land

· Order "N"-Unsuitable land

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

Examples:

S1: Suitable

S2: Moderately suitable

S3: Marginally suitable

N1: Actually unsuitable but potentially suitable

N2: Actually and potentially unsuitable

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

· c -
Climatic conditions

· t -
Topographic limitations

· w -
Workability

· f -
Soil fertility limitations not readily to be corrected

· d  -
Limitation due to drainage

· r  -
Limitation in rooting depth

· v  -
Limitation due vegetation cover

· m  -
Limitation due to uneven surface

Land suitability units: This grouping is used to identify land development units having minor differences in management requirements. This can indicate the relative importance of land development works. It is indicated by Arabic Numerals, enclosed in parenthesis, following the subclass symbol.
11.3

Land Suitability Evaluation Procedure

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

· Define of the result LUTs in the area:

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

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

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

11.3.1

Determination of Land Utilization Types (LUT)

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

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

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

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

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

The evaluation has been carried out assuming moderately to high inputs management levels, moderate to high capital investment and high labor intensity. Thus, the LUTs can be defined, as medium to high input level of fertilizer and herbicide, moderate capital investment, medium to high labor intensity, 100% private property, with moderate and high management level by using surface irrigation and improved agronomic cultural practices, for local consumption and with commercial market orientation. Thus, Maize, Wheat, Haricot, bean, Niger Seed, Linseed, Red pepper, Potato, Mango and Coffee were selected as land utilization types to be evaluated under methods for smallholder farms with medium to high management input levels.
11.3.2

Determinations of the Land Utilization Requirements 

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

A crop requirement depends on the land characteristics and qualities that would be required to reach acceptable crop yields. Land use requirements also include a set of limiting values.  These define the degree of limitation of a specific value of a land quality or characteristic that may have an adverse effect on sustainable production. Land use requirements may include crop requirements, management requirements and conservation requirements (FAO, 1983).  The land use requirements are described by the land characteristics grouped to land qualities needed for the required sustained irrigated agriculture production for the LUTs considered, as described below.  Consequently, the environmental requirements of all the selected crops grown in the project command area are presented as it appears in Sys. etal (1993) land evaluation (part iii), S.R.REDDY (2004) and other references as follows in Table 5 & 6:
Table 5:
Land Uses Requirement and Land Quality Criteria for Surface Irrigation

	Land Quality
	Unit
	Suitability Classes

	
	
	S1
	S2
	S3
	N1
	N2

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

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

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

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

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

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

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

	N
	
	>0.5
	0.2-0.5
	0.1-0.2
	
	<0.1

	P
	ppm
	>15
	5-15
	<5
	
	<2

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

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

	Structure
	
	SAB
	SAB
	Platy
	Massive
	

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

Very p1
	Very st. very p1.
	

	Erosion status
	
	None
	Medium/slight
	Severe
	Very severe
	

	Flooding
	months
	0
	<1
	1-3
	>3
	

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

	Vegetation
	No clearing requirement
	Scattered
	Frequent
	Forest 
	Dense forest
	Dense forest

	Micro relief 
	
	Even
	Slight
	Uneven
	
	Broken

	Water logging 
	
	None
	Rarely
	Frequent
	Frequent
	


Table 6:
Requirements for Selected LUTs (crops)

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

	
	
	
	
	
	
	
	
	
	
	

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

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

	Elevation
	masl
	
	
	
	
	
	
	
	 
	 

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

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

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

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

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

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

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

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

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

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

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

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


11.3.3

Land Mapping Units

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

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

Land units are described by their main characteristics, which are the properties of the land that can be measured or estimated. In this study the main land characteristics considered, are slope and soil drainage classes and soil depth. The costs of necessary land improvement have to be estimated in detailed study to predict the economic and environment consequences of development. Based on land characteristics 3 land mapping units have been identified. The summary of land characteristics of the soil mapping units are presented in Table 7. 
Table 7:
Soil Characteristics of the Soil Mapping Units

	Land Quality
	Units
	Mapping Units

	
	
	SMU-1
	SMU-2
	SMU-3

	Slope
	%
	0-2
	2-8
	>8

	Drainage
	
	Imperfect
	Moderate
	Ex

	Depth
	cm
	200
	200
	150

	Texture
	
	Clay Loam
	 Clay/Clay loam
	 Clay 

	Stoniness
	%
	Nil
	Nil
	Nil

	Salinity
	dS/cm
	Negligible
	Negligible
	

	CEC
	Meq/g
	54.14
	48.874
	

	O.C
	%
	2.48
	2.25
	

	PH
	
	4.8
	3.96
	

	Erosion Status
	
	None
	None 
	Sensitive

	ESP
	%
	Negligible
	Negligible
	Negligible

	Workability
	
	Good
	Good
	difficult


11.3.4

Matching Land Use with Land

The land evaluation is realized by comparing the land characteristics (or qualities) with the requirements of the land utilization type. Matching of land use with the land units have been carried out once the land resources or soils have been mapped. 
11.3.5

Assessing the Land Suitability Class

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

Table 8:
Matching Process for Surface Irrigation

	Land Quality
	 
	Mapping Units

	
	Units
	SMU-1
	SMU-2
	SMU-3
	Hill

	Slope
	%
	S1
	S2
	N1
	 

	Drainage
	 
	S2
	S1
	S1
	 

	Depth
	Cm
	S1
	S1
	S2
	 

	Texture
	 
	S1
	S1
	S1
	 

	Stoniness
	%
	S1
	S1
	S1
	 

	Salinity
	dS/cm
	S1
	S1
	S1
	 

	CEC
	Meq/g
	S1
	S1
	
	 

	O.C
	%
	S2
	S2
	
	 

	PH
	 
	S2
	S2
	
	 

	Erosion Status
	 
	S1
	S1
	S3
	 

	ESP
	%
	S1
	S1
	S1
	 

	Workability
	 
	S2
	S1
	S3
	 

	Currently Suitability
	 
	S2
	S1
	S3
	

	Potential Suitability
	 
	S1
	S1
	S2
	 


11.3.6

Actual Land suitability assessment for Selected Crops

Land suitability assessment for agriculture is meant to evaluate the ability of a piece of land to provide the optimal ecological requirements of selected crops in other words, assessing the capability of land in enabling optimum crop development and maximum productivity. This evaluation needs a specification of the respective crop requirements and calibrating them with the terrain and soil parameters. 
SMU-1: This mapping unit covers 17.8 ha of the area and constitutes 21.6% out of the total area. It is moderately suitable for surface irrigation of Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S2w/d) due to poor drainage and soil workability. This land unit is found to be highly suitable (S1) for Maize Wheat. However, it is possible to upgrade by constructing appropriate drainage system to highly suitable for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S1) and moderately suitable for Mango and Coffee (S2d). 

SMU-2: The extent of this mapping unit is 44.4 ha of the area and constitutes 53.9% out of the total area. It is high suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and coffee and marginally suitable for  Haricot bean and Potato. However, it is possible to upgrade by using improved irrigation system to highly suitable for Haricot bean and Potato by proper irrigation management.
SMU-3 can be used for rainfed irrigation especially for plantation of perennial crops.

Table 9:
Actual Suitability
	Slope Class
	Area
	Suitability

	
	 (ha)
	%
	

	0-2
	17.8
	21.6
	Moderately suitable for surface irrigation

	2- 4
	25.6
	31.1
	Highly suitable for surface irrigation

	4 - 6
	18.8
	22.8
	Marginally suitable for surface irrigation

	6 - 8
	5.1
	6.2
	Currently not suitable

	>8 
	15.0
	18.2
	Permanently Not suitable along the river valleys & hillsides,

	 
	82.3
	100
	


[image: image7.jpg]SORIYA SSI PROJECT LAND SUITABILITY MAP
205500 205650 205800 205950 206100 206250 206400 206550 206700 -
901800 901800
901650 901650
901500 901500
901350 901350
901200 901200
901050 901050
900900 900900
900750 900750
900600 900600
900450 900450
205500 205650 205800 205950 206100 206250 206400 206550 206700 Aess0
CLEENT
Legend Soil Suitability of Soriya small Scale Irrigation N REGIONAL STATE OF OROMA
S1--Suitable (25.6ha), (31.1%) ORCMIA IRRIGATION
[ DEVELOPMENT AUTHORITY
S2-- Moderately suitable (17.8ha), (21.6%) [EONELTANT -
(|
S3-- Marginally suitable (18.8ha), (22.2%) @ AN RN D
=]
PROJECT:
N1-- Actually unsuitable but potentially suitable(5.1ha), (6.2%) SORIY A SMALL SCALE
= IRRIGATION PROJECT
N2-- Actually and potentially unsuitable (15.0ha), (18.2%) 150 0 150 m "SORIVA ST SUTTARILITY
[ | MAP
I | e
PRAING N | ooesoTrRan: Shert Me 1 1





Figure 4:
Soriya SSI Project Land Suitability Map  
11.3.7

Summary of Actual Land Suitability of Soriya SSI Project

The present study has shown that the total available suitable land (S1, S2, S3, N1 & N2) for surface irrigated agriculture of the 9 crops is 82.3 hectares. Out of the project area 25.6 ha (31.1%) was found to be highly suitable (S1) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and Coffee, and 17.8ha is S2w/d due to poor drainage and soil workability that is for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S2w/d). 18.8ha (22.8%) is found to be moderately suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper (S3t/m) due to steep slope and  uneven surface. 18.8ha(22.8%) marginally suitable (S3) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but suitable for Mango and Coffee. Furthermore, 5.1ha land is currently unsuitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but marginally suitable for Mango and Coffee and permanently unsuitable because of steep slope. However, the hillside sloppy area can be used for rainfed agriculture for fruit plantation and afforesting.  
Table 10:
Summary of Land Suitability of Soriya Scale Small Irrigation Project
	 
	Suitability Class

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

	Wheat 
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Haricot bean
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Niger Seed
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Linseed
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Red pepper
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Potato
	25.6
	17.8
	18.8
	62.2
	5.1
	15.0
	20.1
	82.3

	Mango 
	 
	43.4
	23.9
	67.3
	 
	15.0
	15.0
	82.3

	Coffee
	 
	25.6
	23.9
	67.3
	 
	15.0
	15.0
	82.3


Potential Suitability: Suitability of the land after the realization of (additional) land improvements is referred to as the potential land suitability
Table 11:
Potential Suitability
	Soil mapping Unit
	Area (Ha)
	Land Utilization Types (Crop Types)

	
	Ha
	%
	Maize
	Wheat
	Niger Seed
	Linseed
	Red pepper
	Mango
	coffee

	SMU -1
	17.8
	21.6
	S1
	S2
	S1
	S1
	S1
	S3
	S2

	SMU -2
	44.4
	53.9
	S1
	S1
	S1
	S1
	S1
	S1
	S1

	SMU -3
	20.1
	24.4
	N1
	N1
	N1
	N1
	N1
	S2
	S2

	 Hills
	
	
	
	
	
	
	
	
	


12
SOILS AND LAND MANAGEMENT UNDER IRRIGATION

12.1

General

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

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

Soil nutrient status of the project site is generally low to high. The content of organic carbon of the area is low to very high, ranging from 2.25 % to 2.48 %. The soils have very high CEC (50.12mqe/100 g soil). The soil reaction of the study soils depicts moderately to slightly acidic reaction, with pH varying from 4.8 to 4.74 with an average of 4.77, indicating that the soil reaction is at acidic level for many crops. The availability of P is low to medium level varied from 47.77 to 44.13 mg P2O5/kg soil with an average value of 45.95 mg P2O5/kg. . In actual condition high reserve of available P in not expected in acidic soils. However, supplementary phosphorus fertilizer is not required at current stage. The total nitrogen of the studied area rated as low (1.40 to 2.0 % with an average of 1.7%). Thus the soils required no additional nitrogen fertilizer application. Exchangeable K is medium, which ranged from 2.96 to 3.21 with an average of 3.09meq/100g of soil. Then, the crop expected response for potassium is less likely. 
The exchangeable Ca2+  and Mg 2+varied from 35.09 to 37.13 meq/100g soil and from 28.89 meq/100g soil to 36.16 meq/100 g soil respectively both of these nutrients classified as high category.

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

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

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

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

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

· For maize on Nitisols is recommended 200 kg/ha of Urea and 100 kg/ha o DAP and On Luvisols 200 kg/ha Urea and 250 g DAP.
Supplying of optimum quantities of nutrient N, P and K with farm yard manure have beneficial effects on the physical and biological situations of the soils.  In order to manage & maintain soil fertility in the project area organic manure and inorganic fertilizers should be utilized together. The application of nitrite containing fertilizers for crops grown under surface irrigated agriculture and water-logged soils, resulted in a considerable amount loss of N due to its denitrification.  Therefore nitrogen fertilizers must be given split application depending on the critical growth stage of the crop. Application of green-manure increases utilization of phosphorus by the crop not from the added fertilizers but also from the reserve supplies of soil phosphorus.  
Moreover, to maintain organic carbon, mulching of crop residues after harvesting should be practiced with application of manure and compost.  The use of plant species that are capable of fixing atmospheric nitrogen can improve soil fertility and reduce dependency on chemical fertilizer. In addition improved agriculture practices such as crop rotation, alley cropping and the use of green manure provide accessory nutrient pool for plant growth.  The application of organic matter also improves the CEC of the soil. Crop rotation is recommended, as it is essential for improving soil productivity.  An alternate appropriate crop in accordance with a pre-established schedule help to keep the soils in good biological condition and to control the erosion risk, increase its water holding capacity, provides to take full advantage of fertilizer, prevent the unbalanced depletion of plant nutrients and counteract development of the toxic substances, if any.  Supplying of optimum quantities of nutrient N, P and K with farm yard manure have beneficial effects on the physical and biological situations of the soils.  In order to manage & maintain soil fertility in the project area organic manure and inorganic fertilizers should be utilized together. The application of nitrite containing fertilizers for crops grown under surface irrigated agriculture and water-logged soils, resulted in a considerable amount loss of N due to its denitrification.  Therefore nitrogen fertilizers must be given split application depending on the critical growth stage of the crop. Application of green-manure increases utilization of phosphorus by the crop not from the added fertilizers but also from the reserve supplies of soil phosphorus.  

12.2

Soil Cultivation

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

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

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

12.3

Soil Erosion Control

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

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

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

12.4

Improve Drainage System

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

13
CONCLUSIONS AND RECOMMENDATIONS

 13.1

Conclusion

Soriya small-scale irrigation project area is found in Jamiaa Kebele in Didessaa district of Illu Aba Bora Zone in Oromia National Regional State. The Feasibility study of the project was carried out, covering 90 ha of land. The main objective of the investigation was to provide detail information on the land and/or soils of the study area, which formed a basis for confirming/rejecting the irrigation potential, crop selection, irrigation design and agricultural input requirements such as fertilizer application. The area is categorized as weynadega agro-climatic zone.

The land form of the study area is characterized as having slopes varying from gently to hilly land that fall within the slope range of 0 - 30%. However, the dominant slope is varying from 0 to 8%, covering some 62.2 ha (about 75.6% of the total surveyed area). The remaining area occupied by steep sloppy land and hills.

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

Soil nutrient status of the project site is generally low to high. The content of organic carbon of the area is low from 2.25% to 2.48% with an average of 2.37%, indicating that the level of organic carbon is in low level %.  
The soils have very high CEC 50.12meq/100g soil. The soil reaction of the study soils depicts moderately acidic reaction, with pH varying from 4.8 to 4.74 with an average of 4.77, showing that the soils of the project area are acidic. 

The availability of P varies from 35.52 to 41.74 mg P2O5/kg soil with an average value of 38.63 mg P2O5/kg soil indicating that in general in the project area available phosphorus is high reserve level. Thus, supplementary phosphorus fertilizer is not currently required. 
The total nitrogen of the studied area ranged from ranged from 1.40 to 2.0 % with an average of 1.7%. In the sub soil it varies from 0.80 to 1.20 % with an average of 1.0 %. Generally, the content of the TNT is high; however the soils are required additional nitrogen fertilizer application. 

The overall content of exchangeable Ca the in soil is high, ranging from 35.09 to 37.13meq/100g soil with an average of 36.11 meq/100 grams of soil. Exchangeable Mg also rated as high to very high varied from 9.66 to 11.47 meq/100 g soils, with an average value of 10.6 meq/100g soils. The reserve of K is low to medium, which ranged from 2.96 to 3.21 with an average of 3.09meq/100g of soil. 
The present study has shown that the total available suitable land (S1, S2, S3, N1 & N2) for surface irrigated agriculture of the 9 crops is 54.1 hectares. Out of the project area 25.6 ha (31.1%) was found to be highly suitable (S1) for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper, Mango and Coffee, and 17.8ha is S2w/d due to poor drainage and soil workability that is for Haricot bean, Niger Seed, Linseed, Red pepper and Potato (S2d), and Mango and Coffee (S2w/d). 18.8ha (22.8%) is found to be moderately suitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper (S3t/m) due to steep slope and  uneven surface. Furthermore, 5.1ha land is currently unsuitable for Maize, Wheat, Haricot bean, Niger Seed, Linseed, Red pepper N1 t/f but marginally suitable for Mango and Coffee and permanently unsuitable because of steep slope. However, the hillside sloppy area can be used for rainfed agriculture for fruit plantation and afforesting.  
13.2

Recommendation 

For existing constraints the following measures can be suggested:

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

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

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

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

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

· Mulching of crop residues after harvesting should be practiced with application of manure and compost with inorganic fertilizers. The use of plant species that are capable of fixing atmospheric nitrogen can also improve soil fertility and reduce dependency on chemical fertilizer.
· Although, the detected erosion risks are mainly in small degree due to mild slope of the site, soil erosion control measure should be implemented.  The anti-erosion measures should include agronomic and mechanical measures.  The agronomic measures that can be adopted comprise agro forestry, mulch, zero tillage, and crop rotation, strip cropping and mixed cropping.  These measures should be undertaken on mild slopes up to 3-4%.  The mechanical measures are physical structure such as graded bunding and bench terraces.  These measures should be adopted on higher slopes greater than 5% supplemented with agronomic measures especially agro forestry.
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AAPPEDICES
AAPPENDIX 1: PROFILE PITS AND AUGER DESCRIPTION

Profile code: SyP-1

Status: 
Pit with sample

Soil classification: Luvisols (Vertic)
Date: 
07/05/16

Author: 
Minas/ Fasil
Coordinate,
Long (N): 
901046
Land form:
Plain
Lat (E):
205744

Regional slope:
Gently undulating
Elevation: 


2186m

Slope class:
0.5
Map sheet No:    0836 C4 (DEMBI)
Slope form:
Uniform
Depth to bedrock:
>200 cm

Slope aspect: 
W-E
Rock out crops:


None

Micro topography: level  
      Surface coarse fragments: 
None


Parent material: Alluvial/Colluvial
      Surface cracks:

None

Effective soil depth: Very Deep
Surface sealing:


None
Drainage class: Moderately well drained
Water table:


None

Drainage external: Slow
Flooding:


None

Land cover:

Rain-fed arable cultivation with disturbed high forest 
Land use:

Rain-fed arable cultivation
Fertilizer: 

DAP and UREA 100/ha
Erosion status:

None

Remark:
the area is surrounded by disturber coniferous forest to the east. 

0-35 cm:   
Dark brown (10 YR 3/3) when moist, clay loam texture, no rock, moderately developed fine massive structure, friable when moist, sticky & plastic when wet, no cutan, no nodules, common fine to many roots, few termite or ant cannels,  many common fine pores, non calcareous, diffused boundary.

35-95cm:   
Strong brown (7.5YR 4/6) when moist, clay texture, no rock, strong medium sub angular blocky structure,  no cutans, friable when moist, very  sticky & very  plastic when wet, common  faint slickenside, abundant  reddish brown & black hard ferromanganese nodules,  few fine to many roots, few fine pores, non calcareous, diffused  and wavy boundary. 

95-135cm: 
Strong brown (7.5YR 5/6) when moist, clay texture, no rock, strong medium sub angular blocky structure, friable when moist, very sticky & very plastic when wet, no cutans, few fine black hard manganese nodules, very few fine roots, very few and very fine pores, non calcareous.

135-200cm: 
Strong brown (7.5YR 5/8) when moist, clay texture, no rock, strong medium sub angular blocky structure, friable when moist, very sticky & very plastic when wet, no cutans, common fine red and black hard ferro-manganse nodules, no roots, no pores, non calcareous.

Profile code: SyP-2

Status: 
Pit with sample

Soil classification: Nitisols (Humic)
Date: 
11/05/16

Author: 
Minas/ Fasil
Coordinate,
Long (N): 
901246
Land form:
Plain
Lat (E):
206184

Regional slope:
Gently undulating
Elevation: 
2179m

Slope class:
05(4%)
Map sheet No:    0836 C4 (DEMBI)
Slope form:
Uniform
Depth to bedrock:
>200 cm

Slope aspect: 
WE-SW
Rock out crops:


None

Micro topography: level  
      Surface coarse fragments: 
None


Parent material: Alluvial/Colluvial
      Surface cracks:

None

Effective soil depth: Very Deep
Surface sealing:


None
Drainage class: Moderately well drained
Water table:


None

Drainage external: Slow
Flooding:


None

Land cover:

Rain-fed arable cultivation 
Land use:

Rain-fed arable cultivation
Fertilizer: 

DAP and UREA 100/ha
Erosion status:

None

Remark:

Teff, peas, bean
0-35 cm:   
Very Dark red (2.5 YR 2.5/3) when moist, no mottle, clay loam texture, no rock, structure less fine massive structure, friable when moist, sticky & plastic when wet, no cutans, no nodules, few fine roots, few termite or ant cannels,  many few fine pores, non calcareous, diffused to irregular boundary.

35-100cm:   
Dark red (2.5 YR 4/6)  when moist, no mottle, clay texture, no rock, well graded fine granular structure,  no cutans, friable when moist, very  sticky & very  plastic when wet, no cutans, no nodules, no nodules, few fine roots, few termite or ant cannels, few fine pores, non calcareous, diffused  to irregular boundary. 

100-140cm: 
Dark red (2.5 YR 3/6) when moist, no mottle, clay texture, no rock, strong medium sub angular blocky structure, friable when moist, very sticky & very plastic when wet, no cutans, common black soft manganese  segregation, no roots, few termite or ant cannels, few fine pores, non calcareous, diffused  to irregular boundary to irregular.

140-200cm: 
Dark red (2.5 YR 4/8) when moist, few fine yellowish brown  mottle, clay texture, no rock, moderately developed medium sub angular blocky structure, friable when moist, very sticky & very plastic when wet, no cutans, common fine red and black hard ferro-manganse nodules, no roots, few fine pores, non calcareous.

AUGER DESCRIPTION

Profile code: SyA-1

Status: Auger without sample

Soil classification: Luvisols (Vertic)
Date: 241213

Author:
Fasil
Coordinate,
Long (N): 900925
Land form:
Plain
Lat (E): 205673

Regional slope: Gently undulating, gently sloping 
Elevation:
2183m

Slope class: flat

Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
W-E
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
Fine

Effective soil depth: Deep
Surface sealing:
Weak

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Dense mixed high forest 

Land use: Rainfed arable cultivation and Extensive grazing

Fertilizer: UREA & DAP 100 kg/ha
Erosion status:
Moderate/ sheet erosion 

Remark:  Teff

Acacia abisinica, Dodota (Or), Kombolcha (Or), Bersama abisinica,  Keto(Or),  Croton mactostrachys.

Auger point lies 100m the west of Soriya River 
0-25 cm:   
Very dark grayish brown (10 YR 3/2) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

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

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

AUGER DESCRIPTION

Profile code: SyA-2

Status: Auger without sample

Soil classification: Nitosols (Eutric)
Date: 07-05-16

Author:
Fasil
Coordinate,
Long (N): 900980
Land form:
Plain
Lat (E): 205918

Regional slope: Gently undulating, gently sloping 
Elevation:
2180m

Slope class: flat

Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
W-E
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: none
Erosion status:
Moderate/ sheet erosion 

Remark:  Fallow
Dodota (Or), Acacia abisinica,  Kombolcha (Or),  Keto(Or),  Croton mactostrachys.

Auger point lies alongside a forest area separating it from the farmland in Soriya River 
0-30 cm:   
Very dark brown (7.5 YR 2.5/3) when moist, clay texture, friable when moist, sticky & very plastic when wet, no nodule, no Ca CO3.

30-75cm:
Strong brown (7.5 YR 4/6) when moist, clay texture, friable when moist, very sticky & plastic when wet, no nodule, no Ca CO3.

75-125cm:
Brown (7.5 YR 4/4) when moist, clay texture, friable when moist, very sticky & plastic when wet, no nodule, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-3

Status: Auger without sample

Soil classification: Luvisols (Vertic)
Date: 07-05-16

Author:
Fasil
Coordinate,
Long (N): 901310
Land form:
Plain
Lat (E): 205873

Regional slope: Gently undulating, gently sloping 
Elevation:
2182m

Slope class: Gentle sloping
Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
W-E
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:  Fallow
Kombolcha (Or), Bersema abisinica, Acacia abisinica, Croton mactostrachys.

0-30 cm:   
Very dark grayish brown (10 YR 3/2) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

30-70cm:
 Brown (10 YR 2/1) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

70-125cm:
 Very dark  brown (10 YR 2/2) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-4

Status: Auger without sample

Soil classification: Nitosols (Eutric)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 900997
Land form:
Plain
Lat (E): 205968

Regional slope: Gently undulating, gently sloping 
Elevation:
2174m

Slope class: Gentle sloping
Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NW-SE
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None

Drainage class:
Moderately well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Teff, Peas, Beans  

Dodota (Or), Kombolcha (Or),  Keto(Or),  Croton mactostrachys, Podocarpus  flacatus.

0-25 cm:   
Dark brown (7.5 YR 3/4) when moist, clay loam texture, friable when moist, sticky & plastic when wet, no nodule, no Ca CO3.

25-75cm:
Strong brown (7.5 YR 4/6) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

75-125cm:
Very dark brown (7.5 YR 2.5/2) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-5

Status: Auger without sample

Soil classification: Nitosols (Eutric)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 900979
Land form:
Plain
Lat (E): 206080

Regional slope: Flat
Elevation:
2172m

Slope class: 2%

Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Imperfectly drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Disturbed  high forest 

Land use:    
Tree and shrub cropping  

Fertilizer: UREA & DAP 100 kg/ha
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Teff, Peas, Beans  

Kombolcha (Or),Croton mactostrachys,  Mullitia  ferugimea. Podocarpus olocilios

Dodota (Or).

0-30 cm:   
Very dark brawn (7.5 YR 2.5/3) when moist, clay loam texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

30-65cm:
Dark brawn (7.5 YR 3/4) when moist, few black mottle s, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

65-125cm:
Strong brawn (7.5 YR 4/4) when moist, few black mottles, clay texture, friable when moist, very sticky & very plastic when wet, very few black soft manganese  segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-6

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 901209
Land form:
Plain
Lat (E): 206010

Regional slope: Flat
Elevation:
2173m

Slope class: 2%

Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NW-SE
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Imperfectly drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Teff, peas, Beans  

Kombolcha (Or),  Dodota (Or), Croton mactostrachys, Podocarpus  flacatus 

0-30 cm:   
Dark brawn (7.5 YR 3/4) when moist, clay loam texture, friable when moist, sticky & plastic when wet, no nodule, no Ca CO3.

30-70cm:
Dark brawn (7.5 YR 3/3) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

70-125cm:
Very dark brawn (7.5 YR 2.5/2) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few red soft iron segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-7

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 901338
Land form:
Plain
Lat (E): 206310

Regional slope: Flat
Elevation:
2170m

Slope class: 2%

Agro-climatic zone: Woinadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Imperfectly drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Teff, Peas, Beans  

Kombolcha (Or), Croton mactostrachys, Podocarpus  olocilios, Dodota (Or).

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

25-65cm:
Very dark brawn (7.5 YR 2.5/3) when moist, few brown mottle, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

65-125cm:
Strong brawn (7.5 YR 4/6) when moist, few brown mottle, clay texture, friable when moist, very sticky & very plastic when wet, very few black soft manganese  segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-8

Status: Auger without sample

Soil classification: Nitosols (Eutric)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 901481
Land form:
Plain
Lat (E): 206528

Regional slope: Flat
Elevation:
2158m

Slope class: 4%

Agro-climatic zone: Weynadega

Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
E-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Well drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    
Disturbed high forest 

Fertilizer: UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Beans, Teff, Peas.  

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

0-25 cm:   
Very dark gray (7.5 YR 3/1) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

25-85cm:
Brawn (7.5 YR 4/4) when moist, clay texture, friable when moist, very sticky & very plastic when wet, no nodule, no Ca CO3.

85-125cm:
Strong brawn (7.5 YR 5/6) when moist, few brown mottle, clay texture, friable when moist, very sticky & very plastic when wet, few red soft iron segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-9

Status: Auger without sample

Soil classification: Nitosols (Eutric)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 901450
Land form:
Plain
Lat (E): 206145

Regional slope: Flat
Elevation:
2169m

Slope class: 4%

Agro-climatic zone: Woinadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Imperfectly drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    Disturbed high forest 

Fertilizer: 
UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Beans, Teff, Peas, Wheat   

Dodota (Or), Croton mactostrachys, Podocarpus flacatus 

0-30 cm:   
Dark brawn (7.5 YR 3/2) when moist, clay texture, very friable when moist, sticky & plastic when wet, no nodule, no Ca CO3.

30-70cm:
Dark brawn (7.5 YR 3/4) when moist, clay texture, very friable when moist, sticky & very plastic when wet, no nodule, no Ca CO3.

70-125cm:
Strange brawn (7.5 YR 4/6) when moist, clay texture, very friable when moist, very sticky & very plastic when wet, few red soft iron segregation, no Ca CO3.

AUGER DESCRIPTION

Profile code: SyA-10

Status: Auger without sample

Soil classification: Luvisols (Chromic)
Date: 11-05-16

Author:
Fasil
Coordinate,
Long (N): 901642
Land form:
Plain
Lat (E): 206203

Regional slope: Flat
Elevation:
2079m

Slope class: 4%

Agro-climatic zone: Woinadega
Slope form: Uniform
Depth to bedrock:
>125cm 

Slope aspect: 
NE-SW
Rock out crops:
None

Micro topography: level
Surface coarse fragments: None

Parent material: Alluvial/Colluvial
Surface cracks:
None

Effective soil depth: Deep
Surface sealing:
None 

Drainage class:
Imperfectly drained 
Water table: None

Drainage external: Slow
Flooding: None

Land cover:
Rain fed arable cultivation  

Land use:    Disturbed high forest 

Fertilizer: 
UREA & DAP 100 kg/ha 
Erosion status:
Moderate/ sheet erosion 

Remark:   Moist all the depth  
Beans, Teff, Peas,   

Croton mactostrachys, Podocarpus flacatus, Dodota (Or)
0-25cm:   
Very dark brawn (7.5 YR 2.5/2) when moist, clay texture, very friable when moist, sticky & plastic when wet, no nodule, no Ca CO3.

25-65cm:
Brawn (7.5 YR 4/3) when moist, clay texture, friable when moist, sticky & very plastic when wet, no nodule, no Ca CO3.

65-125cm:
Strong brawn (7.5 YR 5/8) when moist, clay texture, friable when moist, very sticky & very plastic when wet, few red soft iron segregation, no Ca CO3.
APPENDIX 2: Soil & Water Laboratory Analysis Results of Soriya, Sota & Doma Small Scale Irrigation Projects
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Water Works Design and Supervision Enterprise

Laboratory Service Sub Process

. Soil Fertility Section
P.O.Box 2561

Addis Ababa
Ethiopia

Client:- AWE Consultants plc

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

Walklay Black , Ammonium Acetate & Instrumental

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

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

251-116-610105

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

Water Works Design and Supervision
Enterprise
Laboratory Service Sub Process

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

Client:- AWE Consultants

plc

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

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

RemarK:
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Tel 251-116- 614501
251-116-610105

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

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

Water Works Design and Supervision

Enterprise
Laboratory Service Sub Process
Soil Fertility Section

P.O.Box 2561 Addis Ababa

Ethiopia

Client:- AWE Consultants plc

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

Walklay Black , Ammonium Acetate & Instrumental

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

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

Na (meg/l)

K (meg/l)

Ca (meq/l)

Mg (meqg/l)

Sum of Cations

CO, 2 (meq/l)

HCO, " (meafl)

Cl (meqg/l)

S0, 7 (megfl)

Sum of Anions

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

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

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

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

Tested by: Q& Processed By - =
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Date: ({0116 Date
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ANNEX 3: Format for Data Collection

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

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

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

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

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

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

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

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

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

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

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

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

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

	PlantSpecies-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Remarks--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

	Diagram

	Between Sites


SOIL AUGER HOLE SITE DESCRIPTION SHEET (Page 2)                   AUGER CODE ……………

	Depth (cm)


	Color
	Mottle
	Texture
	Rock Fragment

 
	Consistency

	
	
	
	
	
	Dry
	Moist.
	Wet

	 
	
	Abundance
	Color
	<2 Mm
	Abundance
	Size
	 
	 
	Stick
	Plastic

	
	 

Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	 

Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	 

Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	 Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	 
	 Dry
	
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	Moist
	
	
	
	
	
	
	
	
	
	

	Cementation/Compaction
	Nodules
	CaCO3

	Grade
	Size
	Nature
	abundance
	color
	hardness
	nature
	kind
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	 REMARK:   




SOIL PROFILE PIT SITE DESCRIPTION SHEET (Page 1)                           Profile Code……………

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

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

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

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

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

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

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

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

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

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

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

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

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

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