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1. SOILS AND LAND SUITABILITY

1.1. INTRODUCTION 

An irrigation project is required to be planned and designed such that it fits appropriately into the soil and land characteristics of the command areas along with the climatic factors, topographic features and socio-economic conditions. Therefore, detailed field soil surveys, laboratory tests and analysis of data and test results are required to be undertaken to determine the soil and land characteristics that will form a basis for evaluating the land suitability for irrigated agriculture. The soil feasibility study and land evaluation of the Meti Irrigation Based Development Project was conducted for the detailed assessment of the physical and chemical characteristics of the soils in the project area and to evaluate the suitability of the command area for surface irrigation and selected crops. The area is located in Oromia Regional State, Kele Wallega Zone, in the Seyo Woreda. The area has flat topography of slope 2-3%. The entire command area is cultivated lands of major crops of maize and haricot bean. The common farming system of the project area is both crop and livestock production. In this report the methodology followed during the soil survey and land evaluation, the soil physical and chemical study results of the corresponding identified soil mapping unit and major soils are presented. The necessary recommendations and conclusions have been given based on the results of the soil study. The crop suitability evaluation of the selected crops together with the suitability condition of the crops is also presented in this report. Based on the limitations identified through the crop suitability evaluation the relevant management options have also been presented. 
1.2. Objective 

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

 To identify soil variability and major soil types over the project area through auger observations. 

 To characterize and classify the identified major agricultural soils by describing their morphological, physical and chemical properties through observations, in soil pits, sampling and laboratory measurements. 

 To develop general management recommendations (such as but not limited to fertilizer application, soil and water conservation, liming etc) based on collected data. 

 To produce soils and land suitability maps at scale of 1:10,000. 

1.3. PHYSICAL ENVIRONMENT OF THE STUDY AREA 

1.3.1. Location 
The project area is located in the Oromia National Regional State, Kelem Wallega Administrative Zone, in Seyo woreda. The project area can be reached by asphalt roads from Dembi-Dolo. From the asphalt road access to the project site is through tracks most of which are not motorable. Geographically, the command area is located at UTM coordinate of 700575-702065 N latitude and 945886-949237 E longitude and an average attitude of 1556 meter above sea level.
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Figure 1: Location Map of the study area
1.3.2. Climate
Meteorological data for the project area are not available. The nearest meteorological station is at Dembi-Dolo. In the 28-year period for which records are available, the maximum annual rainfall was 1,666.7 mm and the minimum 960.8 mm. The mean annual rainfall is about 1289.5 mm; about 90% of it is received from April to October, while the other 5 months are relatively dry, having only 10% of the total annual rainfall. Air temperatures at Dembi-Dolo (which is located at an elevation of about 1850m.) are uniform throughout the year. On the basis of the 28 years of available data, mean monthly temperatures vary between 17.9°c (July & August) and 21.4°c (March). Mean monthly minima vary between 11.5°C (December) and 14.4°C (April), while maximum vary between 22.4°C (July) and 28.9°C (February). 
1.3.3. Natural Vegetation and Present Land Use 

The proposed command area is cultivable land and currently used for rain-fed and irrigated agriculture. Farming practices are traditional ploughing by ox. The main rain-fed crops are maize and millet. In terms of land area, maize is the most important crop. Millet and sorghum are also grown with rain-fed agriculture and so are the vegetables. In the surveyed command area, smallholders are also practiced irrigated crop production using traditional irrigation. Accordingly, insignificant amount of tomato, haricot beans, kale, pepper and banana are produced. The natural vegetation of the study area is characterized by Indigenous natural forest and canopies, where as rain-fed crop cultivation bounded by scattered settlements in the cultivated land and communal and private grazing land were the characteristic features of the land use types. Under this natural vegetation, individual farmers mostly produce coffee plants.
Table 1.1: Major land use types of the study area

	Cultivated land 
	2115

	Grazing land
	47.5

	Forest land 
	2.75

	Infrastructure 
	1.75

	Total 
	2167


1.4. DATA COLLECTION METHOD 

The methodological approach followed to carry out the study has been classified in to three stages of pre-field work, fieldwork and post field works and each phase is briefly discussed below. 
1.4.1. Pre-fieldwork 

During this stage, reconnaissance field visit has been made. Topographic map, were collected. Field soil survey guidelines, description sheets for auger boring and profile pits have been prepared. 
1.4.2. Field survey
In this study, a zigzag survey technique was applied with an observation density of one per thirteen hectare for the study area. A total of 7 auger observations and 2 profile pits have been carried out. Soil samples were collected from 2 profile pits for full laboratory analysis. Based on the auger observations made and interpretation of the parameters mentioned, the command area has sandy loam to loam surface texture. Moreover, two profile pits were selected for full profile description and physical and chemical laboratory analysis. The auger soil description has been made every 400 x 400m along transect surveyed area up to the depth of 1.20m and pits have been excavated up to 2m depths on representative sites and samples were collected for determination of soil physical and chemical analysis. All observations were recorded on soil description sheets and at observation site the following external characteristics and information were recorded: · Location by using hand held GPS · Land use /land cover · Land form · Slope measured with the help of clinometers · Presence of micro topography, surface cracks and surface crusting · Soil color by using Munsell color charts · Parent material · Presence /absence of flooding by interview of local people · Presence or absence of stoniness · Erosion hazard by estimation · Elevation measured by altimeters The internal soil characteristics such as soil depth (to rock or stony layer), texture, mottling, and depth of groundwater table were noted for each auger hole on description sheets. In the case of soil profile pits additional internal soil information such as soil horizons, structure, consistence, porosity, roots, cutans, slickenside etc were recorded on profile description sheets. 
1.4.3. Post fieldwork 

Of the profile pits, four standard samples were taken and sent to the Oromia Water Works Design and Supervision Enterprise Laboratory Service (WWDSELS) in Addis Ababa for following physical and chemical analysis: 

· Soil texture (hydrometer) 

· PH (1:2.5 water and KCl) 

· Organic carbon (Walkley& Black) 

· Electrical conductivity in saturation extract 

· Cation exchange capacity (ammonium acetate extraction) 

· Exchangeable bases (meq/100g soil): ammonium acetate leachate 

· Available phosphorus (Olsen) 

· Total nitrogen (kjeldahl) 

The results of soil physical and chemical analysis are presented in Table 1.3 & 1.4. The interpretations of the field and laboratory data, and characterization of the soil type were made using different manuals and references such as booker tropical soil manual Landon, 1991, FAO guideline for soil description FAO, 2006, and World reference base for soil resources, FAO, 1998 and FAO, 2006. Final report writing and preparation of soil map and legend construction by GIS software were also among the major tasks performed during this stage. Based on the selected major land qualities and characteristics of the study area (soil mapping unit), the land suitability evaluation of the selected crops were made through matching of the environmental requirements of the crops against the land quality and characteristics of the study area. The environmental requirements of the selected crops were established using different research results carried out for the selected crops. 
1.5. THE SOILS OF THE STUDY AREA 

The basis for describing and categorizing the soils are soil genesis and morphology such as effective soil depth, colour, texture, structure, consistency and slope, micro relief, drainage and other profile developments and chemical characteristics. The full descriptions of representative soil profiles for the soils of the command area are also presented. 
1.5.1. Soil Classification System 

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 soil classification was carried out according to the World Reference Base for Soils Resources (ISSS- ISRIC-FAO, 1998 and FAO, 2006). The classification has three levels. At first level the classification is based on the recognition of diagnostic horizon, the second level on diagnostic properties and third level is subdivided on the basis of diagnostic materials. Soil classification of the project area is based on field morphological characteristics, which can be observed and measured or inferred from field observations. In addition to the field morphological properties, physical and chemical properties such as textural class were used to define the soil classes. Based on this, a single soil type of Dystric Nitisols having one soil mapping unit is identified in the project area with total area of 107 ha. 
1.5.2. Soil Morphology 

Morphology of a soil is described using characteristics such as soil depth, colour, texture, consistence, structure and drainage. The summary of dominant morphological characteristics for major soils identified in the command area is presented in Table 1.2 below.
Table 1.2: Dominant morphological characteristics for major soils in the project area
	Soil characteristics
	Nitisols

	Depth 
	Very deep

	Colour 
	Very dark brown to brown

	Texture 
	Coarse and medium

	Structure 
	Well to strong and fine sub angular blocky 

	Consistency 
	Friable, non-sticky, non-plastic

	Drainage 
	Well drained


1.5.3. Physical properties of command area soils 

Soil physical properties have a great influence on planning and design and management of irrigation or rain-fed farming projects. For a better understanding of soil, water relation, it is very important to determine the soil physical properties which are of importance in agriculture. The soil physical properties of the project area such as texture, depth, drainage and structure are briefly discussed. 
Texture 
Texture influences such soil qualities as infiltration, moisture and nutrient retention, drainage, workability and susceptibility to erosion. In the study area, most of the soils have very high clay loam content. The very dark reddish brown soils occurring in the study area have medium fine textures and are more permeable and have good tilth and workability. 
Soil Structure 
Soil structure has a very important role in any agricultural development and management. The potential of any soil for the growth of plants and its response to management depends as much on its structure as on its fertility. Soils of the command area are dominated by medium and coarse sub-angular blocky and moderate, medium and coarse sub angular blocky on the surface and sub-surface layers respectively. 
Effective Soil Depth 
Most of the soils in the study area are deep to very deep. Thus, the effective depth would not be a major limitation to irrigation development within the commendable area. 
Soil Drainage 
Majority of the soils within the study area are moderately drained, due mainly to the medium fine textured clay loams and/or low topographic position. The depth to groundwater is not a major limitation in the study area as it is, generally greater than 5 meter depth. 
Infiltration rate Even though direct insitu measurement of infiltration was not made, it is possible to estimate the infiltration rate of this soil from its textural composition. Therefore, the representative infiltration rate of this soil is estimated to be 0.5-1.0 cm h-1 and this type of infiltration rate is optimum for surface irrigation (Landon, 1991). 
Soil colour 
The soils of the study area have very dark reddish brown surface colour with the Munsell colour natation of 7.5 YR 2.5/2 and dark reddish brown (2.5 YR 3/3) sub-surface colour when moist. Consistence The consistence of the surface and sub-surface textures of the soils of the study area is firm when moist, sticky and plastic when wet. 
Root status in the soil profile There are many fines, common medium and very few coarse roots in the surface whereas common fine and very few medium roots are found in the sub-surface part of the soil profile. 
Soil Stoniness 
The occurrence of surface coarse fragments cause hindrance to cultivation. The soil survey result shows surface soil stoniness is not a major limitation to development in soil of the command area as the majority of the soils are non-stony. 
Available Water Holding Capacity Disturbed soil samples were taken from selected pit sites, within the command area for field capacity and wilting point determination. Samples were sent to OWWDSE soil laboratory. The results shown in Table 1.3 fall in high categories, indicating in terms of moisture holding capacity, the soils of the study area are suitable for irrigation.

Table 1.3: Soil physical properties of studied profiles

	Profile

No
	Depth (cm)
	Soil texture
	Textural

Classes
	Silt/clay

Ratio
	FC
	PWP

	
	
	% clay
	% silt
	% sand
	
	
	
	

	P-1
	0-30
	38
	19
	43
	CL
	0.5
	44.7
	32.6

	
	30-60
	24
	31
	45
	L
	1.29167
	44.4
	26.4

	P-2
	0-30
	34
	33
	33
	CL
	0.97059
	45.6
	28.5

	
	30-60
	34
	33
	33
	CL
	0.97059
	45.9
	28.9


1.5.4. Chemical properties of command area soils 

Soil Reaction (PH) 
Soil pH is most useful in soil suitability evaluation and management as it provides information about the solubility and thus potential availability or phyto-toxicity of elements for crops subsequently the soil suitability for specific crop. All the studied profiles were moderate acid and the soil pH values ranged between 5.1 and 5.5 with an average of 5.3 in the surface layer (Table 1.4). Most crops don’t prefer this pH range thus the soil reaction is considered as one of limitations that deterred crop growing in the study area. 
Electrical Conductivity (EC) The electrical conductivity was also measured on the 1:2:5 soil-water suspension using direct reading conductivity meter using electrodes and the results reported in ds/m. The electrical conductivity of soils is the measure of the level of the soil salinity. The electrical conductivity of the surface soils of the study area ranges from 0.037 to 0.143 ds/m and that of the sub soils is 0.080-0.085ds/m. These values of electrical conductivity of the soils are low and indicate the non- saline condition of the soils. Therefore, the soils have no problem of salinity. 
Organic carbon 
The percentage organic carbon was determined by the Walkley and Black method (Nelson and Sommer, 1982: cited in Pace et al., 1982). Soil organic carbon (O.C) indicates the organic matter (O.M) content in the soil which has many benefits such as reservoir of plant nutrients especially N, P and S, also it is important for maintaining micronutrient cations in a available form and complexing Al in less phyto toxic form. In addition, it has a high water holding capacity hence minimizing the effects of moisture stress. The paramount character of O.M is high negative charges on its surface contributing to cation exchange capacity (CEC) which retains nutrients cations. Generally, the OC content of all profiles were low to medium and ranged from 2.47 to 3.1 % with an average of 2.8% in surface layers. This may be due to the prevalence of tropical conditions where the degradation of organic matter occurs at faster rates coupled with low vegetation cover, thereby leaving less organic carbon in the soils (Nayak et al., 2002). 
Total nitrogen 
The total nitrogen was determined by the kjedhal method (Bremner, 1967: cited in Pace et al 1982). The available N values varied from 0.25 to 0.27 % with a mean value of 0.26% suggesting that the soils having medium available N. Low amount of organic carbon could be the significant factor affecting the amount of available nitrogen (Prasuna Rani et al., 1992). Subsequently, low available N decreases the suitability of soils for growing many crops. 
Phosphorus The available phosphorus in the surface layers varied from minimum value of 1.52 to a maximum of 10.84ppm with a mean value of 6.18ppm which is low. 
Available potassium (K): 
Available K varied from 0.21 to 0.41 Cmol(+)kg-1with an average value of 0.31 Cmol(+)kg-1. This suggests that these profiles contain low to medium amount of available potassium and likely for KCL fertilizer application. 
Exchangeable sodium percentage (ESP): ESP varied between 0.53 and 0.59 % in the surface layers with an average of 0.56%. Thus, salinity is not a limitation across the study area. 
Base saturation (BS) and Cation exchange capacity (CEC) CEC varied from 69.6 to 71.6 cmol (+) kg-1 with a mean value of 70.6 cmol (+) kg-1. These results indicate that the profiles are high in CEC and BS as well. The base saturation is the degree to which the exchangeable bases saturate the exchange complex of the soil. The major exchangeable bases are Calcium (Ca), Magnesium (Mg), Potassium (K) and Sodium (Na) normally expressed in Cmol/kg. The soils of the project area have a high base saturation of between 52 and 71 percent. The exchangeable bases are adequate to high. The CEC and the base saturation are important in that they influence chemical and physical soil properties. Normally soils with a high CEC and a high base saturation are potentially fertile soils as they may provide adequate supply of plant nutrients. In this survey the bulk of the soils have high CEC and a high base saturation, therefore providing adequate plant nutrients. 
Salinity and Sodicity Saline soils have an electrical conductivity EC greater than 4 ds/M at 250 and an exchange Sodium percentage (ESP) less than 15. The pH value of the saturated soil is usually less than 8.5. Saline sodic soils have EC values greater than 4 dS/m at 250C and ESP values greater than 15. Sodic soils have ESP values greater than 15 and EC less than 4 dS/m at 250C. Using the differentiating criteria, the surveyed command area soils are non-saline and non-sodic.

Table 1.4: Chemical properties of studied soils (0-30cm)

	Code
	Depth (cm)
	PH (H20)
	PH KCl
	EC (H20) (mS/cm)
	% Carbon
	% OM
	Ava. P (ppm)
	% T.N
	Exch. Base (cmol/kg)
	Sum

	
	
	
	
	
	
	
	
	
	Na
	K
	Ca
	Mg
	

	SP1
	0-30
	5.4
	4.6
	0.143
	3.1
	5.332
	10.84
	0.27
	0.37
	0.41
	35.96
	12.43
	49.17

	SP2
	0-30
	5.1
	4.2
	0.037
	2.47
	4.2484
	1.52
	0.25
	0.42
	0.21
	26.52
	10.09
	37.24

	Code
	Depth (cm)
	CEC (meq/100g)
	Base saturation (%)
	C/N
	ESP

	SP1
	0-30
	69.6
	70.64655172
	11.481481
	0.531609

	SP2
	0-30
	71.6
	96.97674419
	9.88
	0.586592


1.5.5. Nutrient balance of the studied soils 

Soil nutrient ratios in the studied profiles are presented in Table 1.5. The effects of the major cations in soils on plant growth are often closely interlinked. Other than the absolute amounts of Ca, Mg, and K in the soil, the relative amounts between these three elements is a measure of the general availability of nutrients. In particular the ratios Ca/Mg, Mg/K and K/TEB and Ca/TEB are important. Nutrient imbalances influence nutrient uptake by inducing deficiencies of nutrients which may be present in the soil in good quantities. Ca/Mg ratios of the studied profiles ranged from 2.54 to 2.89. The optimum range of Ca/Mg ratios for most crops is 2 to 4. Top soils and sub soils of the studied profiles had ratios within the optimal levels. If the Ca/Mg ratio exceeds 5:1, the availability of Mg and P is reduced. The studied profiles had Ca/TEB ratios of > 0.5 throughout all horizons. This may affect the uptake of other bases particularly Mg and/or K due to Ca induced deficiency. Mg/K ratios of the studied profiles ranged from 30.32 to 58.58. Accordingly, 1 to 4 is the optimum range of Mg/K for nutrient uptake by plants.. Topsoil percentage K/TEB ranged from 0.47 to 0.83%. It is reported that the favourable K/TEB ratio for most tropical crops is 2% or more. Therefore, the command area soils are classified under unfavorable range of K/TEB ratio for most tropical crops. On the overall, nutrient ratios observed in the studied profiles indicate nutrient imbalance and will thus affect negatively nutrient availability. Accordingly, application of manures and inorganic fertilizers, adoption of crop rotation can improve nutrient availability.
Table 1.5: Nutrient ratios of the studied soils

	Profile
	Depth (cm)
	Ca/TEB
	Ca/Mg
	Mg/K
	% (K/TEB)

	P-1
	0-30
	0.73
	2.89
	30.32
	0.83

	
	30-60
	0.70
	2.54
	51.05
	0.54

	P-2
	0-30
	0.71
	2.63
	48.05
	0.56

	
	30-60
	0.71
	2.60
	58.58
	0.47
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Figure 2: sampled points of the command area
1.5.6. Soil Chemistry 

As the data stand, the following generalizations can be made from the laboratory analysis of the physical and chemical results. Thus, the project area soils: 

· have a high nutrient retention capacity and are highly base-saturated, especially with calcium and magnesium. 

· are characterized by moderate acidity; there are no extreme pH values that might warn of potential sodicity or acidity. Most pH (water) values are in the range of 5.1 to 5.5. At a pH of 5.0 any response to liming is expected to be minimal. 

· have very low levels of available P throughout the profiles. 

· have low to intermediate exchangeable K. 

· have moderate levels of nitrogen. 

· have low to medium level of organic carbon in the topsoil. 

· have Ca:Mg ratios of less than 5, so calcium availability is less. 

1.5.7. Soil Fertility 

The main purpose of the soil chemical analyses is to assess soil fertility and predict fertilizer responses. On the basis of soil test results, the soils are grouped into different categories. The categories with respect to organic carbon, available phosphorus, available potassium and nitrogen on the upper 30cm of soil depth are as follows:
Table 1.6: Soil fertility classification

	Fertility classification
	N (%)
	Av. P (mg/kg)
	Exa. K (mg/kg)
	Exa. K (cmol/kg)
	OC (%)

	High
	>0.5
	>20
	>200
	>0.5
	>10

	Moderate
	0.2-0.5
	11-20
	115-200
	0.2-0.5
	4-10

	Low
	<0.2
	<10
	<115
	<0.2
	2-4


Table 1.7: Fertility of command area soils (average within top 0.30m)

	Soil type
	N (%)
	Av. P (mg/kg)
	Exa. K (cmol/kg)
	OC (%)

	Clay loam
	Moderate 
	Very low
	Moderate 
	Moderate 


Soil analyses show that all the surveyed command area soils have moderate levels of total nitrogen, organic carbon and available potassium. Thus, application moderate rate of those nutrients is required. However, available phosphorous on the top 30cm is very low which calls for high application of phosphorous fertilizer.
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Figure 3: Soil Map of the command area

1.6. SOIL MAPPING UNIT 

Soils of the surveyed command area are uniform and similar in profile characteristics. The command area soils differ only from each other in soil colour and slightly in soil reaction (pH). Also only one soil type (i.e. Dystric Nitisols) and one soil mapping unit is identified.
1.7. IRRIGATION WATER QUALITY 

The quality of irrigation water is judged by the amount of suspended and dissolved materials it contains. All irrigation water contains dissolved or suspended materials. Suspended materials can be removed with filters. Crop yield can be reduced significantly when the dissolved materials or salinity of the irrigation water, is high enough. In some case, even though the salt content of the water is low, continued irrigation application may gradually build up the salt content in the root zone. Nevertheless, irrigation water quality is commonly assessed in terms of soluble salts content, percentage of sodium, boron and bicarbonates contents. High amounts of exchangeable sodium can cause soil particle dispersion that reduces soil structure and restricts air and water movement into and within the soil. Sodium, chloride, boron and other ions are toxic to many plants when present in sufficient concentrations. Table 1.8 indicates the classification of water quality for irrigation. To examine the water quality of irrigation water, water samples were taken from the irrigation water source Meti River during the field trip. The important parameters were analyzed in the internationally accepted irrigation water quality guidelines by FAO (1976c; 1985) in order to have a better understanding on the water quality characteristics. The water samples have been analyzed to measure the levels of electrical conductivity, sodium, chloride, calcium, magnesium, carbonate, bicarbonate, pH and boron. In addition, sulfate and fluoride were assed.
Table 1.8: Guidelines for evaluating irrigation water quality

	Potential irrigation problem
	Units
	Degree of restriction on use

	
	
	None
	Slight to moderate
	Severe

	Electrical conductivity (ECw)

Total dissolved solids (TDS)                       
	dS m-1
mg/l
	< 0.7

< 450
	0.7 – 3.0

450  - 2000
	>3.0

>2000

	Infiltration (affecting soil)

     SAR = 0  –  3 and ECw =

             =  3 –   6                 =

             =  6 – 12                 =

             = 12 - 20                 =

             = 20 – 40                =
	
	>  0.7

> 1.2

> 1.9

> 2.9

> 5.0
	0.7 – 0.2

1.2 – 0.3

1.9 – 0.5

2.9 – 1.3

5.0 – 2.9
	< 0.2

< 0.3

< 0.5

   <  1.3

   < 2.9

	Sodium (Na)   surface

                        Sprinkler
	SAR

meq/l
	< 3

< 3
	3 – 9

>  3
	>  9



	Chloride ( C )  Surface

                        Sprinkler
	meq/l

meq/l
	< 4

< 3
	4 – 10

> 3
	>  10

	Boron ( B ) 
	meq/l
	< 0.7
	0.7 – 3.0
	> 3.0

	Bicarbonate (HCO3)

(overhead sprinkling only)
	meq/l
	< 1.5
	1.5  -  8.5
	> 8.5

	RSC 
	meq/l
	<1.25
	1.25-2.5
	>2.5

	pH
	
	Normal range 6.5  -  8.4


Table 1.9: Chemical composition of the irrigation water source

	Measured Water Quality Parameters and Results

	EC (dS/m)
	PH
	Cations (meq/l)
	Sum
	Anions (meq/l)
	Sum

	
	
	Na+1
	K+1
	Ca+ 2
	Mg+2
	
	SO4-2
	NO3-1
	Co3-2
	Hco3-1
	

	0.13
	6.5
	0.57
	0.028
	0.11
	0.18
	0.888
	0.09
	0.07
	0.0
	0.49
	0.65

	SAR
	ESR
	ESP
	RSC
	Na %
	MHR
	B
	Cl-1
	
	
	
	

	1.5
	1.97
	66.3
	0.2
	67.3
	62.1
	0.0
	0.357
	
	
	
	


The mean concentration of chloride and sodium ions were determined to be less (i.e. 0.357 and 0.57 me/l) respectively and none restriction on use. The SAR content is also less (1.5) which is suitable under any irrigation system.

The level of calcium and magnesium in the irrigation water samples were in the normal range. Mean pH of the Meti River was found to be 6.5 (Table 1.9), which is considered to be in the normal range for irrigation. 

Overall, the quality of this water seems to be highly suitable for irrigation and no hazardous effects on soils are expected over its long-term use. As can be seen in Table 1.8, the Meti River has low soluble salts and therefore no salinity problem. Toxic elements like sodium, chloride and boron are too small and will cause no problem for irrigated crops.
1.8. LAND SUITABILITY EVALUATION FOR IRRIGATION 

1.8.1. General
Land evaluation assessment for irrigation development has been conducted based on the methodology outlined in the FAO Soil Bulletin No. 55, Guideline for Land Evaluation for Irrigated Agriculture (FAO, 1985) and Land Evaluation Framework FAO, Soil Bulletin No. 32. As part of land resources study, the land evaluation assessment aims to translate land resources data into an expression of suitability of land units (land units map) for a defined use. The soil report and map as well as climatic information are the valuable tools and a major land resource database for the anticipated land evaluation assessment. In general, the main objective of the land evaluation is to select relevant land use types for which kinds of development land should be planned preferred. In line with that, to undertake the land evaluation of the project area, six land utilization types (LUTs) were identified and defined in terms of their climatic adaptability and economic viability. While, the evaluation process was undertaken the values of land quality/characteristic are checked against the class limiting factors (requirements) for irrigated agricultural development and for each LUT separately. Thus, suitability assessments of the land unit are made for each land use requirements separately. The overall suitability of the land units are then determined on the basis of the suitability ratings, referred to as partial suitability of the individual land use requirements for the LUTs under consideration. The evaluation assessment employed the FAO land suitability assessment framework. This method of assessment is based on the law of the minimum which states that yield level of any crop is determined by severity level of the most limiting factors, referred to as class determining factors. As it has been already discussed land suitability assessment has been made for six selected potential crops maize, tomato, pepper, cabbage, sesame and haricot beans. Thus, the individual class determining factor of each land use requirement was combined with the command area soils. 
1.8.2. Land Suitability Classes and Sub-classes 

According to the classification proposed by FAO (1976), five different classes, ranging from “Unsuitable” to “Highly Suitable”, whose codes are recognized and constituted by a capital letter (indicating the order) and a number (indicating the class), identify land suitability for a certain purpose as shown in Table 1.10. For each suitability class there are a number of sub-classes that reflect the type of limitations that restrict the suitability of the soil mapping unit. Note that S1 has no specific limitations. Limiting factors governing land suitability evaluation for Meti irrigation project are: 

w - Poor drainage 

p - Soil pH 

s- Slope

Table 1.10: FAO recommended land class definitions
	Order
	Class
	Name
	Definition

	S
	
	Suitable
	The land can support the land use. Benefits justify inputs without unacceptable risk of damage to land resources.

	
	S1
	Highly suitable
	Land without significant limestones. The potential yield level expected is 80% or more of optimum yield.

	
	S2
	Moderately suitable
	Land having limitations that either reduce productivity or increase the inputs needed to sustain productivity levels compared with those needed on 51 land. The potential yield level expected is 40-80% of the optimum.

	
	S3
	Marginally suitable
	Land with limitations so sever that benefits are seriously reduced and/or the inputs required to sustain productivity are such that this cost is only marginally justified. The potential yields level expected is 15-40% of the optimum yield.

	N
	
	Unsuitable
	Land that cannot support the land use sustainable, or land on which benefits do not justify inputs

	
	N1
	Currently unsuitable
	Land with limitations to sustained use that cannot be overcome at currently acceptable cost.

	
	N2
	Permanently unsuitable
	Land with limitations to sustained use that cannot be overcome


1.8.3. Land use requirement, characteristics and qualities 

Land use requirements Having described the land use type which is surface irrigated agriculture, the next step is to define the land requirements for successful soil, crop and irrigation water management. It is the necessary or desirable conditions of the land for successful and sustained practice of a given land use. 
Land characteristics These are measurable properties of the physical and socioeconomic and environmental conditions directly related to land use. Land characteristics are made available through soil and land use surveys, socioeconomic and farming system surveys and environmental assessment. Some of the land characteristics and qualities are climate, topography, soil physical and chemical properties, soil fertility, salinity and alkalinity, etc. 
Land qualities Land qualities are an attribute of land or their expressions as a diagnostic criterion, which limits the potential of land for a specified kind of use. They are derived from measured land characteristics. 

Land characteristics, land qualities and class determining/limiting factors have been obtained from detailed soil survey (feasibility level) and have been evaluated for how they affect the land for irrigation development. Critical limits have been given a suffix in suitability evaluation to denote the main limiting factor or factors that affect the management of the soil mapping units. Land use requirement for surface irrigation and land characteristics and land qualities and class determining/ limiting factors governing land suitability evaluation for irrigation are given in 1.11.
Table 1.11: Land use requirement and critical class limits for surface irrigation

	Limiting factors
	Suitability Classes

	
	S1
	S2
	S3
	N1
	N2

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

	Drainage
	Well
	Moderately well
	Imperfect
	poor & excessive
	very poor

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

	Soil texture 
	SL - CL
	SL - clay
	LS & heavy clay
	Sand 
	very coarse sand

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

	Structure
	SAB
	SAB
	Platy
	Massive
	 

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

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

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

	OM (%)
	3-5
	1-3
	<1
	<1
	 

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

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

	C/N
	10-12
	6-10
	<6
	<6
	 

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

	Fertility index
	High
	Moderate
	Low
	Very low
	 

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

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

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


1.8.4. Surface Irrigation Suitability and results of land suitability evaluation 

Before the land is rated for different types of selected crops, it must pass for suitability of surface irrigation. The evaluation criteria used to address the suitability of the selected irrigation method were soil depth, soil texture, electric conductivity, pH, drainage and slope factors, salinity, sodicity and the like based on FAO (1976; 1983). Thus, by considering the surface irrigation requirements and the actual land qualities and characteristics of the study area, the land suitability evaluation result 

for surface irrigation for the study area was found to be moderately suitable (Table 1.12) being limited by soil drainage, nutrient and PH.
        Table 1.12: Land characteristics and land qualities of the command area
	Land qualities/characteristics 
	Command area 
	Surface irrigation suitability factor rating

	Slopes (%)
	1-2
	S1

	Drainage
	MW
	S2

	Depth ( cm )
	>150
	S1

	Soil texture 
	CL
	S1

	Coarse material (%)
	None
	S1

	Structure
	SAB
	S1

	Salinity (mS/cm)
	0.09
	S1

	ESP (%)
	0.56
	S1

	CEC (meq/100g of soils)
	70.6
	S1

	OM (%)
	4.79
	S1

	 Total N (%)
	0.26
	S2

	Available P (ppm)
	6.18
	S2

	C/N
	11
	S1

	pH 
	5.3
	S2

	Fertility index
	Moderate 
	S2

	IR (cm/hr)
	0.2-1.5
	S1

	HC (m/day)
	0.1-0.5
	S1

	AWC (mm/m)
	
	S1

	Final Suitability (Current/potential)
	S2swnp/S2s


As can be seen from Table 1.12, the main limiting factors of the soils of Meti command area are drainage, soil PH and nutrient deficiency. Those limiting factors have brought the soils to be moderately suitable under intermediate level of management. These limitations can be corrected at different level of intervention; for example fertility status of the soil can be easily improved by adding fertilizer relative to other remedial measures. Note: The line seen between the two blocks of the farm land is the water course (i.e. Meti River). Thus, only one soil mapping unit is delineated for the project.
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Figure 4: Land Suitability Map
1.8.5. Land evaluation for selected crops 

Proposed Crops 
Based on crop selection criteria, maize, tomato, pepper, cabbage, sesame and haricot beans are proposed for the project. 
Crop Requirements A crop requirement is an optimum land and soil characteristics and qualities required to achieve average and high yield plus a potential for improvement in the future as more experience and management capacity is gained. Crop requirements for proposed and selected crops for the project have been reviewed and analyzed for surface irrigation under medium input level. 
Results of Crop Suitability Evaluation Crop suitability evaluation for the proposed crops has been done to investigate alternative viable cropping pattern. It enables planners and managers including farmers, to consider all practicable alternative cropping patterns. Crop suitability evaluation for the proposed crops under a medium level of management has been considered. Matching and superimposing crop requirements under irrigation with soil and land characteristics, land qualities and limitations of the command area has given the irrigated crop suitability class.
Table 1.13: Land suitability evaluation results of selected crops 

	Command area
	Proposed Crops

	
	Tomato
	Pepper 
	Cabbage
	Sesame
	Maize
	H. bean

	
	S3p
	S3p
	S3p
	S3p
	S3p
	S3p

	Moderately suitable land
	-
	-
	-
	-
	-
	-

	Marginally suitable land
	107 ha (100%)


As shown in the Table 1.13, the selected crops are marginally suitable without considering the surface irrigation suitability. Thus, the most limiting factor for the proposed crops is soil PH. This limitation is temporary which can be corrected by adding lime.
1.9. CONCLUSIONS AND RECOMMENDATIONS 

The most important and determinant soil physical and chemical attributes have been investigated both in the field and in laboratory. Likewise, the land and crop suitability evaluation was also undertaken. The suitability results of the selected crops are marginally suitable without considering the surface irrigation suitability. The major limiting constraint of the study site for surface irrigated agriculture is the soil reaction, drainage, slope and fertility. Most of the limitations are temporary and can be corrected through management. 
Recommendation 
The very low available phosphorus levels of the surveyed area soils should be corrected through phosphorus fertilizer application. Moreover, to overcome the major soil related production constraints, farmers should aim simultaneously at improved organic matter management; optimal plant nutrient cycles, soil and water conservation, and an ecological and economic use of soil amendments and fertilizers. This combined package of soil management techniques, indicated as an integrated soil management approach is needed to develop an ecological sound agriculture.
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ANNEX-I: SOIL AUGER AND PROFILE DESCRIPTION
Soil Auger Description

	Auger No. 1
	Author – ML
	Date - 31/03/2018

	GPS E:701066
	GPS N:946058
	Elevation 1597

	Observation site location  - DC
	Surface crust - N
	Land use – Cultivated land

	Land form - Flat
	Surface Cracking - N
	Crop grown – Maize 

	Slope - % 0-2%
	Surface gravels – N
	Vegetation type -  N

	Position - Lower
	Surface stone - N
	Dominant species/  - N

	Slope form - Even
	Rock outcrops - N
	Other species -  N

	Micro topography  -Micro low
	Parent material – In situ
	Human influence - Ploughed

	Erosion - Slight
	GWTD (cm) - N
	WRB Class - Nitisols

	Drainage Class/Ext - MW
	Top soil structure – W/F/SAB
	 Flooding F/D - None


	

	Depth (cm)

Horizon Boundary

Colour (moist) 

Standard Name

Consistency

Moist  

Wet 

Distinct

Topography

Notions 

Sticky 

Plastic 

0-30

-

-

10YR2.5/2

Very dark brown

FR

SST

SPL

30-60

Diffuse 

Smooth 

2.5YR4/4

Reddish brown

FR

SST

SPL

60-90

Gradual 

Smooth 

5YR3/2

Dark reddish brown

FI

ST

PL

>90

Clear 

Smooth 

2.5YR3/6

Dark red

FI

ST

PL



	Soil Auger Description

Auger No. 2
Author – ML
Date - 31/03/2018
GPS E:701525
GPS N:947160
Elevation 1562
Observation site location  - DC
Surface crust - N
Land use – Cultivated land
Land form - Flat
Surface Cracking - N
Crop grown – Maize 
Slope - % 0-2%
Surface gravels – M/F
Vegetation type -  N
Position - Lower
Surface stone - N
Dominant species/  - N
Slope form - Even
Rock outcrops - N
Other species -  N
Micro topography  -
Parent material – In situ
Human influence - Ploughed
Erosion - Slight
GWTD (cm) - N
WRB Class - Nitisols
Drainage Class/Ext - MW
Top soil structure – W/F/SAB
 Flooding F/D - None
Depth (cm)

Horizon Boundary

Colour (moist) 

Standard Name

Consistency

Moist  

Wet 

Distinct

Topography

Notions 

Sticky 

Plastic 

0-30

-

-

7.5YR3/2

Dark brown

FR

SST

SPL

30-60

Diffuse 

Smooth 

7.5YR3/3

Dark brown

FR

SST

SPL

60-90

Diffuse 

Smooth 

5YR3/4

Dark reddish brown

FI

ST

PL

90-150

Diffuse 

Smooth 

2.5YR4/6

Reddish brown

FI

ST

PL

Soil Auger Description

Auger No. 3
Author – ML
Date - 31/03/2018
GPS E:700894
GPS N:947514
Elevation 1580
Observation site location  - DC
Surface crust - N
Land use – Cultivated land
Land form - Flat
Surface Cracking - N
Crop grown – Maize 
Slope - % 0-2%
Surface gravels – M/F
Vegetation type -  N
Position - Lower
Surface stone - N
Dominant species/  - N
Slope form - Even
Rock outcrops - N
Other species -  N
Micro topography  -
Parent material – In situ
Human influence - Ploughed
Erosion - Slight
GWTD (cm) - N
WRB Class - Nitisols
Drainage Class/Ext - MW
Top soil structure – W/F/SAB
 Flooding F/D - None
Depth (cm)

Horizon Boundary

Colour (moist) 

Standard Name

Consistency

Moist  

Wet 

Distinct

Topography

Notions 

Sticky 

Plastic 

0-30

-

-

10YR2.5/2

Very dark brown

FR

SST

SPL

30-60

Diffuse 

Smooth 

2.5YR4/4

Reddish brown

FR

SST

SPL

60-90

Gradual 

Smooth 

2.5YR3/6

Dark red

FI

ST

PL

>90

Clear 

Smooth 

2.5YR3/6

Dark red

FI

ST

PL

Soil Auger Description

Auger No. 4
Author – ML
Date - 31/03/2018
GPS E:700956
GPS N:948804
Elevation 1574
Observation site location  - DC
Surface crust - N
Land use – Cultivated land
Land form - Flat
Surface Cracking - N
Crop grown – Maize 
Slope - % 0-2%
Surface gravels – M/F
Vegetation type -  N
Position - Lower
Surface stone - N
Dominant species/  - N
Slope form - Even
Rock outcrops - N
Other species -  N
Micro topography  -
Parent material – In situ
Human influence - Ploughed
Erosion - Slight
GWTD (cm) - N
WRB Class - Nitisols
Drainage Class/Ext - MW
Top soil structure – W/F/SAB
 Flooding F/D - None
Depth (cm)

Horizon Boundary

Colour (moist) 

Standard Name

Consistency

Moist  

Wet 

Distinct

Topography

Notions 

Sticky 

Plastic 

0-30

-

-

10YR2.5/2

Very dark brown

FR

SST

SPL

30-60

Diffuse 

Smooth 

2.5YR4/4

Reddish brown

FR

SST

SPL

60-90

Gradual 

Smooth 

5YR3/2

Dark reddish brown

FI

ST

PL

>90

Clear 

Smooth 

2.5YR3/6

Dark red

FI

ST

PL



	

	


Soil Profile Description

	Surveyor

Date

Profile No.

Survey area

GPS E

GPS N

Elevation

Landform

Topography

Slope position

Slope form

Slope class

Micro topography

Soil parent material

Cracks


	ML

31/03/2018

P1
Meti
701670

946437

1565

Level  plain 

Flat 

Lower

Straight

1

Level plain

In situ

None


	Gravels

Stones

Rock outcrop

Erosion(type and degree)

Soil drainage class

Flooding(Frequency and duration)

Human influence

Vegetation(Species)

Land use

Major crop(s)

WRB classification


	None

None

None

None

MW

None

Ploughing

Sugarcane

Intensive Cultivation

Maize & sorghum

Dystric Nitisols




	Depth, cm
	Soil description

	0-30
	Very dark brown (7.5YR2.5/2), moist; clay loam; hard dry, friable moist, sticky and plastic wet; moderate medium and coarse sub-angular blocky structure; many fine, many medium and common coarse pores; many fine, common medium and very few coarse roots; few termite holes; non-calcareous; clear smooth boundary. 



	30-60

60-200

	Dark reddish brown (2.5YR3/3), moist; sandy clay loam; slightly hard dry, friable moist, sticky and plastic wet; moderate medium and coarse sub-angular blocky structure; many fine, common medium and very few coarse pores; common fine and very few medium roots; non-calcareous; gradual smooth boundary.

.

Dark reddish brown (2.5YR3/4), moist; sandy clay loam; friable moist, sticky and plastic wet; weak very coarse sub-angular blocky structure; many fine, many medium and few coarse pores; very few fine and few medium roots; non-calcareous.




Soil Profile Description

	Surveyor

Date

Profile No.

Survey area

GPS E

GPS N

Elevation

Landform

Topography

Slope position

Slope form

Slope class

Micro topography

Soil parent material

Cracks


	ML

31/03/2018

P2
Meti
700842

948386

1547

Level  plain 

Flat 

Lower

Straight

1

Level plain

In situ

None


	Gravels

Stones

Rock outcrop

Erosion(type and degree)

Soil drainage class

Flooding(Frequency and duration)

Human influence

Vegetation(Species)

Land use

Major crop(s)

WRB classification


	None

None

None

None

MW

None

Ploughing

Sugarcane

Intensive Cultivation

Maize & sorghum

Dystric Nitisols




	Depth, cm
	Soil description

	0-30
	Very dark brown (7.5YR2.5/2), moist; clay loam; hard dry, friable moist, sticky and plastic wet; moderate medium and coarse sub-angular blocky structure; many fine, many medium and common coarse pores; many fine, common medium and very few coarse roots; few termite holes; non-calcareous; clear smooth boundary. 

	30-60

60-90
	Dark reddish brown (2.5YR3/3), moist; sandy clay loam; slightly hard dry, friable moist, sticky and plastic wet; moderate medium and coarse sub-angular blocky structure; many fine, common medium and very few coarse pores; common fine and very few medium roots; non-calcareous; gradual smooth boundary.

.

Dark reddish brown (2.5YR3/4), moist; sandy clay loam; friable moist, sticky and plastic wet; weak very coarse sub-angular blocky structure; many fine, many medium and few coarse pores; very few fine and few medium roots; non-calcareous.

	90-200
	Dark brown (10YR3/3), moist, clay, firm, moist, very sticky and very plastic wet, few fine distinct red mottles, weak medium sub-angular structure, many fine and common  medium pores, many fine, many medium and few coarse roots, slightly calcareous, clear smooth boundary. 

ANNEX-II: Crop Requirements for the proposed crops

          Crop requirements for maize
Land characteristics and qualities

Land class suitability requirements for maize

S1

S2

S3

Not suitable

Slope %

0-8.0

8.0-15

15-30

>30

pH

6.0-7.0

5.5-6

7.0-8.0

<5.5 and>8

Soil depth(cm)

>150

100-150

50-100

<50

Drainage

well

moderately well

imperfectly

poor

Stoniness and rockiness

0-5.0

5.0-15

15-40

>40

Status of erosion

none

slight

severe

very severe

Texture

loam

sandy loam

clay loam

heavy clay and sand

Flooding

none

slight

moderate

strong

Soil fertility status

high

medium

low

poor

Organic matter content (%)

>3

2.0-3.0

2.0-1.0

<1

ECe

0-3

3-6

6-10

>10

ESP

0-4

4-8

8-15

>15

          Crop requirements for pepper

Land characteristics and qualities

Land class suitability requirements pepper

S1

S2

S3

Not suitable

Slope %

0.0-8.0

8.0-15

15.0-30

>30

pH

5.5-6.5

6.5-7.6

7.6-8.2

>8.2/<5.5

Soil depth(cm)

very deep

deep

moderately deep

shallow and very shallow

Drainage

very well to well

moderately well

imperfect

poor

Stoniness and rockiness

none

few

many

excessive

Status of erosion

none

slight

severe

very severe

Texture

loam, clay loam, silty loam

sandy loam, silty clay

clay

heavy clay, sand

Flooding

none

slight

moderate

heavy

Soil fertility status

high

medium

Low

very low

Organic matter content (%)

>3

2.0-3.0

2.0-1.0

<1.0

ECe

0-3

3-5

5-7

>7

ESP

0-15

15-20

20-25

>25

        


  Crop requirements for haricot bean 

Land characteristics and qualities

Land class suitability requirements for haricot bean

S1

S2

S3

Not suitable

Slope %

0-8

8.0-15

15-30

>30

pH

6.7-8

8-8.5

5-6.7

<5 and >8.5

Soil depth(cm)

>100

50-100

30-50

<30

Drainage

well

moderately well

imperfectly

poorly

Stoniness and rockiness

0-5.0

5-15.0

15-40

>40

Status of erosion

slight

moderate

severe

extreme

Texture

sandy loam, silty loam, loam

clay loam, clay

heavy clay

very heavy clay, sand

Flooding

none

slight

moderate

poor

Soil fertility status

high to moderate

low

severe

poor

Organic matter content (%)

>3

2.0-3.0

2.0-1.0

<1

ECe

0-4

4-8

8-10

>10

ESP

0-15

15-20

20-25

>25

           Crop requirements for sesame

No

Land Use

Requirement
Land

Characteristics
Unit 

Range of Suitability
S1

Highly Suitable
S2

Moderately

Suitable
S3

Marginally

Suitable
N

Unsuitable
1

Temperature Regime

Altitude

m

0-1200

1200-1600

n.a

>1600

Mean Temperature

(0c)

22.5-32.5

20-22.5

n.a

<20

>32.5

2

Growing Period

Length of Growing

Period (LGP)

Days

90 – 150

75-90

n.a

< 75

3

Moisture Availability

Rainfall During

Growing Period

mm

500 – 700

400 – 500

700-1000

n.a

<400  >1000

4

Drainage

Soil drainage

Class

MW-W

SE

n.a

VP –I

E

5

Rooting Conditions

Workability

Effective soil depth

cm

> 100

50 – 100

0-50

Stones + rock outcrops

%

0 – 5

5-15

15-40

>40

6

Topography

Slope angle

%

0 – 8

8-15

15-30

>30

Nutrient Retention

Soil texture

Class

SL-CL

LS-SIC

n.a

S

Soil reaction

pH

5.5 – 6.7

5– 5.5

6.7-7.3

n.a

<5

 >7.3

Organic matter

>3

2-3

1-2

0-1

 Crop requirements for Cabbage

Land quality

Diagnostic Factor

Unit

Factor Rating (Irrigated Onion)

S1
S2
S3
N1

O2 availability to root (d)

Soil drainage(d)

Class

very well

moderately well

imperfectly

poorly

Rooting conditions (r)

Rooting depth 

Cm

>60

40-60

25-40

15-25

Stones & gravel (r2)

%

0-3

3-15

15-35

35-55

Soil texture (r3)

Class

sandy loam, loam

sand, silt

clay

-

Erosion Status (e)

Observed Erosion (e)

none

slight

severe

extreme

Nutrient availability (n)

Soil reaction 

pH

6.0-6.6

6.6-7.5

5.8-6.0

7.5;;8.0

5.8-5.5

8.0-8.2

<5.5

Organic carbon (n2)

%

>2.5

1.5-2.5

1.0-1.5

<1.0

CEC (n3)

cmol

(t)/kg

>40

25-40

15-40

<15

Soil fertility status(n4)
high

moderate

severe

very severe

ESP (n5)

%

0-15

15-35

35-50

>50

Ece (n6)

ds/m

0-2

2-3

3-5

>5

Land management, preparation and Mechanization potential(k)

Stoniness (k1) 

%

0-4

4-8

8-16

16-30

Slope(k2)

%

0.0-2

2.0-8

8.0-12.0

12-15

Crop requirement for Tomato

Land quality

Diagnostic Factor

Unit

Factor Rating (Irrigated Tomato)

S1
S2
S3
N1

O2 availability to root (d)

Soil drainage(d)

Class

 W, MW 

SE, E

I

-

Rooting conditions (r)

Rooting depth (r1)

Cm

>100

75-100

50-75

-

Stones & gravel (r2)

%

0-3

3-15

15-40

-

Soil texture (r3)

Class

C<60s,cL, Co, SiCL, Si, SiL, SC,,L, SCL 

C<60v,Lfs, LS, Sics

C>60v, C<60v,  fs,  LCS

-

Erosion Status (e)

Observed Erosion (e)

None

Slight 

Moderate

Severe

Nutrient availability (n)

Soil reaction 

pH

6.0-6.6

6.6-7.5

5.5-6.0

7.5;;8.0

5.5-5.0

8.0-8.2

<5.0

Organic carbon (n2)

%

>2.5

1.5-2.5

1.0-1.5

<1

CEC (n3)

cmol

(t)/kg

>40

25-40

15-40

<15

Soil fertility status (n4)
high

moderate

severe

very severe

ESP (n5)

%

<10

10-15

15-25

>25

Ece (n6)

ds/m

<5

5-8

8-10

>10

Slope(k2)

%

<20

20-30

30-40

-




Annex-III: Major terrain and Soil Characteristics

1- Regional slope (%):

Those used and defined by FAO
0-2


             flat or almost flat

2-5


             gently undulating

5-8


             undulating

8-15

             rolling

    15-30

             moderately steep

30-60


steep


> 60


very steep

2- Effective soil depth
The depth of soil penetrable by roots without considering water table and toxic substances.
   Effective depth categories

  
Very Shallow
<25 cm


Shallow
25-50 cm


Moderately deep
50-100 cm


Deep
100-150 cm


Very deep
>150 cm

3- Drainage class
Combination of Internal and External Drainage, For definitions see FAO Guidelines 1990. (From field)

Very poorly drained


Poorly drained


Imperfectly drained


Moderately well drained


Well drained


Somewhat excessively drained


Excessively drained

4- Erosion status:
Observed accelerated erosion by water (from field observation)

3 types
sheet, rill and gully


4 grades
non, slight, moderate and severe (not quantified)

5- Surface stoniness:
Percentage Surface Cover by Rock Outcrops (from field observation)

0%
non


0-2%
very few


2-5%
few


5-10%
common


15-40%
many


40-80%
abundant


>80%
dominant
6- Infiltration/ Hydraulic conductivity

6.1- Basic Infiltration
  Suitability for Surface Irrigation; rate (cm/h)

<0.1
                                Unsuitable (too slow) but suitable for rice

0.1-0.3                              Marginally suitable (too slow), marginally suitable for rice

0.3-0.7                              Suitable, unsuitable for rice

0.7-3.5                              Optimum

3.5-6.5                              Suitable

6.5-12.5                              Marginally suitable (too rapid); small basin needed

12.5-25                              Suitable only under special conditions, very small basin    needed

>25
                             Unsuitable (too rapid) overhead irrigation methods only

6.2- Hydraulic conductivity: Permeability is a general term for the same ability to transmit water (FAO)


K(m/day)

Hydraulic Conductivity Class
<0.2
                              Very slow

0.2-0.5                                     Slow

0.5-1.4                               Moderately slow

1.4-1.9                               Moderately slow

1.9-3                               Rapid

>3
                              Very rapid

1. Analytical Data Interpretation
	Description
	Very Low
	Low
	Medium
	High
	Very High

	Total Nitrogen %
	<0.05
	0.05-0.125
	0.125-0.225
	0.225-0.3
	>0.3

	Organic carbon %
	<2
	2-4
	4-10
	10-20
	>20

	CEC (meq/100g soil)
	<5
	5-15
	15-25
	25-40
	>40

	Exch. Ca (meq/100g soil)
	<2
	2-5
	5-10
	10-20
	>20

	Exch.Mg(meq/100g soil)
	<0.5
	0.5-1.5
	0.5-3
	3-8
	>8

	Exch.K(meq/100g soil)
	<0.1
	0.1-0.3
	0.3-0.6
	0.6-1.2
	>1.2

	Exch.Na (meq/100g soil)
	<0.1
	0.1-0.3
	0.3-0.7
	0.7-2.0
	>2.0

	Sodicity (ESP) 
	<2
	2-8
	8-15
	15-27
	>27

	Available P (ppm)

Olsen Method
	<5
	5-8
	8-12
	12-20
	>20



	pH
	<5.3

Very acid
	5.3-6

M. Acid
	6-7

Slightly Acid
	7-8.5

M. Alkaline
	>8.5

V. Alkaline

	C:N
	
	<10

Good
	10-14

Medium
	>14

Poor 


 Source: B. Frank 1990 (Adopted from Agricultural Compendium; FAO and Booker TSM)

2. Infiltration Rates in Relation to Soil Texture

	No. 
	Soil texture 
	Representative  IR (cm/h )
	Normal IR  Rang  (cm/h)

	1
	Sand
	5
	2 - 5

	2
	Sandy loam
	2
	1 - 8

	3
	Loam
	1
	1 - 2

	4
	Clay loam
	0.8
	0.2 – 1.5

	5
	Silty clay
	0.2
	0.03 – 0.5

	6
	Clay
	0.05
	< 0.1 – 0.8


3. Approximate Relationship between soil Texture and Hydraulic Conductivity

	No
	Texture Class
	K (cm/h )
	K (m/ day )

	1
	Loamy Sand & Fine sand
	12-25
	3-6

	2
	Sandy loam
	6-12
	1.5-3

	3
	Clay Loam, Silt, Silty Loam
	2-6
	0.5-1.5

	4
	Silty Clay, Sandy Clay, Silty Clay, Loam, Clay Loam, Silty Loam, Silty Sandy Clay Loam
	0-5-2
	0.1-0.5

	5
	Clay Loam, Silty Clay, Clay, Sandy Clay Loam
	0.25-0.5

<0.25
	0.1-0.5

<0.05

	6
	Clay, heavy clay
	<0.25
	<0.05


4. Ranking Infiltration Rate for Surface Irrigation Development 

	No.
	(cm/hr)
	Suitability for surface  Irrigation 

	1
	<0.1
	Unsuitable (too slow) but suitable for Rice

	2
	0.1-0.3
	Marginally suitable ( too slow) & marginally for Rice

	3
	0.3-0.7
	Suitable; but unsuitable for Rice

	4
	0.7-3.5
	Optimum

	5
	3.5-6.5
	Suitable

	6
	6.5-12.5
	Marginally suitable ( too rapid); small basins is needed

	7
	12.5-25.0
	Unsuitable only under special conditions; Very small basins needed

	8
	>25
	Unsuitable (too rapid) overhead irrigation methods only


5. Hydraulic Conductivity Value Rating

	No.
	Hydraulic Conductivity Class
	K (cm/h )
	K (m/ day )

	1
	Very slow
	< 0.8
	< 0.2

	2
	Slow
	0.8 – 2.0
	o.2 – 0.5

	3
	Moderate
	2.0 – 6.0
	0.5 – 1.4

	4
	Moderately rapid
	6.0 – 12.5
	1.9 – 3.0

	5
	Rapid
	8.0 – 12.5
	1.9 – 3.0

	6
	Very Rapid
	> 12.5
	> 3.0


Source: FAO 1963 & Source FAO-1979

6. Available Water Holding Capacity Rating for Irrigation Suitability 

	Rating  for irrigation suitability 
	AWC ( mm/m) 

	Low
	<120

	Medium
	120-180

	High
	>180


7. Electrical Conductivity (EC) (mS/cm)

	Approximate  value
	Rating
	Interpretation

	0-2
	Salt free 
	Salinity effects are negligible except for most sensitive 

	4-8
	Slightly saline
	Yields of many crops restricted. 

	8-15
	Moderately Saline 
	Only tolerant crops restricted 

	>15
	Strongly saline 
	Only very tolerant crops yield satisfactory. 

	8. Cation Exchange Capacity (CEC) 

	(me/100g soil)
	Rating
	Interpretation

	>40
	Very high 
	Normal good agricultural soils 

	25-40
	High 
	As above only small amounts of lime and K fertilizer needed 

	12-25
	Medium
	Satisfactory for agriculture given fertilizer. 

	5-15
	Low 
	Moderate to poor response to Fertilizer 

	<5
	Very low 
	Few nutrient reserves. Marginal for sustainable and rain fed agriculture unsuitable for irrigation. 


	9.  Base Saturation Percentage (BSP)

	%
	Rating
	Interpretation

	<20
	Low
	Less fertile soil

	20-60
	Medium
	Moderately fertile soil

	>60
	High
	More fertile soil


10. Exchangeable Cation Ratio 

	Cat ion Ratio
	Approximate Value
	Effects

	Ca:Mg

 

 

 
	>5:1
	Mg increasingly unavailable with increasing Ca and P availability may be reduced

	
	3:1 to 4:1
	Approximate optimum range for most crops

	
	< 3:1
	Available P up take may be inhibited (Yates, 1964)

	
	1:1
	Suggested lowest acceptable limit (Fauck et al.1969). With lower values. Ca Availability slightly reduced
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Particle Size Distribution | TEXTURAL
LAB NO |Field Code| Depth |P"-Water| E.C P'Kcl| Sand SILT CLAY CLASS
Cm 1:25 | dsim | 1:25 % % %
1478 /18 Pit -1 0-30 54 0.143 46 3 19 38 Clay loam
1479 /18 30-60 53 0.085 47 45 3 24 Loam
1480 /18 Pit -2 0-30 5.1 0.037 42 3 33 34 Clay loam
1481 /18 30-60 55 0.080 48 33 33 34 Clay loam
LAB NO Naa | K Ca Mg | SUM | CEC BS |Ex Acidity| Ex. AP*
Cmol(+)Kg! ‘ % __Cmol(+)Kg-1
1478 /18 037 0.41 35.96 1243 49.16 69.6 7 _ _
1479 /18 0.48 0.21 21.23 10.72 38.64 70.4 55 _ _
1480 /18 0.42 021 26.52 10.09 37.24 716 52 _ _
1481 /18 0.35 024 36.57 14.06 51.22 64.5 79 _ _
LABNO| TN | OoC | OM CIN | AvK| AvP P,0s F.C P.W.P
% % % | PPM | PPM %
1478 118 0.27 3.10 535 1 10.84 24.82 447 326
1479 /18 019 1.97 340 10 0.38 0.87 444 26.4
1480 /18 0.25 247 426 10 1.52 348 456 285
1481 /18 0.17 1.98 3.42 12 6.78 1553 45.9 26.9
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