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1. background Information
1.1.  Introduction
Agriculture is the leading sector in the regional economy of Oromia. The predominant agricultural system is, however, based on small holder production, and the crop production is entirely dependent on rain fed agriculture, with limited areas currently developed under irrigation. The natural supply of water to the agricultural land for crop production purpose is usually obtained from natural sources such as precipitation/rain, other atmospheric water, ground water and flood water.
But the amount, frequency and distribution of rainfall, which is the principal source of water for crop production, is becoming more unpredictable and inadequate. Furthermore, the rainfall nature may be insufficient and untimely. Likewise, the groundwater may be too deep in the soil profile beyond the active root zone, which is unavailable to the plant roots. In areas that face such problem, successful crop production is only possible with support of irrigation.
Irrigation development and agricultural water management holds significant potential to improve productivity and reduce vulnerability to climactic volatility. In principle, these efforts have various advantages, which include:

· Increased productivity of land and labor, which is especially pertinent given future constraints from population growth;

· Reduced reliance on rainfall, thereby mitigating vulnerability to variability in rainfall;

· Reduced degradation of natural resources;

· Increased exports;

· Increased job opportunities;

· Promotion of a dynamic economy with rural entrepreneurship;
Irrigation is the artificial exploitation and distribution of water at project level aiming at application of water at field level to agricultural crops in dry areas or in periods of scarce rainfall to improve crop production. Irrigation is the key input in crop production. Full benefit of crop production technologies such as high yielding varieties, fertilizer use, multiple cropping, crop culture and plant protection measures can be derived only when adequate supply of water is assured. On the other hand, optimum benefit from irrigation is obtained only when other crop production inputs are provided and technologies applied. It is through irrigation and integrated crop development that sustainable crop production can be ensured. 
On the other hand, several policy reforms in Ethiopia have targeted agricultural production, principally the Agricultural Development-Led Industrialization (ADLI) policy, which is the guiding framework for economic development. Anchored in this policy are the Rural Development Policy and Strategies (RDPS), which are designed to ensure effective utilization of resources to promote agricultural growth. Despite the pro-Agricultural Water Management policies and the comprehensive structure for management, water resources remain poorly developed and the utilization of the existing Agricultural water Management schemes is inefficient in the country in general, including the Oromia National Regional State. 
Furthermore, although the Oromia region has abundant rainfall and water resources, its agricultural system does not yet fully benefit from the technologies of water management and irrigation. Besides, the climate variability is a global phenomenon and there are evidences that this global effect is being manifested in the region, which reduces sufficient water for the crop growth. Thus, when rainfall is not sufficient or timely, the crops must receive additional water, where irrigation is the major solution. It will ensure an adequate water supply that is important for plant growth.
In order to maximize the performance, efficiency and profitability of crop production in a climate adaptation manner, the Oromia Irrigation Development Authority (OIDA) is making crucial efforts on irrigation development across the region. It is constructing and conducting feasibility studies of various schemes in the region. Bite – Chole small scale irrigation scheme is among those that are going to be developed with in the coming years. OIDA has, thus, signed a consultancy agreement with TERRACE Engineering PLC, for the feasibility study and detail design preparation of the indicated project. In view of this, the feasibility study of Bite – Chole Small Scale Irrigation project was carried out by TERRACE Engineering PLC, the consultant.  The study has various sector components, where the Agronomy study is one of the basic sector components. 

This report is, therefore, prepared by the consultant so as to present the findings of the feasibility level agronomy study to the client. It gives detail information that will help to make informed decision while implementing the Bite – Chole Small Scale Irrigation Project. The report provides information on both the existing agronomic practices, crop production statuses, and the proposed practices and interventions that should be carried out in the project development.
1.1. Objective and Scope of the Study 
1.1.1.  Objective
The main objective of this study is to identify the basic constraints through the detailed assessment of the existing agricultural practice and design a suitable agronomic practice. Besides, the following specific objectives are targeted in the study.

· To propose most appropriate cropping pattern and cropping calendar;
· To identify effective crop husbandry and land management practices suitable for project area;
· To identify potential crops with high yield and promising economic return which ensure food security;
· To identify appropriate and effective agricultural support services that facilitate the SSI agriculture and post-harvest interventions;
2.1.1.  Scope
In order to achieve the above stated objectives and the general purpose of the Small Scale Irrigation Project Study, the following activities are dealt in detail in this study:

· Developing exhaustive structured questionnaire/checklists to carry out focus group discussion at grass root level to obtain reliable agronomic data;

· Reviewing relevant documents on irrigation, agricultural policies and regulation;

· Collecting primary data from the end users of the project about cropping experience, type of crops, cropping pattern, cropping schedule, yield, cultivated landholding, post-harvest experience, input utilization, and marketing issues;

· Conducting site observation for suitability assessment and identify potential opportunities of the project to enhance crop production;

· Based on the crop selection criteria, selection of suitable potential crops, cropping patterns, optimum crop specific husbandry, and appropriate cropping calendar;

· Identifying prevalent crop diseases and insects to plan effective controlling measures;

· Determining crop water requirement and irrigation scheduling of the proposed crops from bio-physical and climatic data of the study area; 

· Determine yield projection over project life, crop budget, and financial returns;

· Recommendation of important agronomic practices and supporting services for the proposed cropping pattern
· Investigating and preparing agricultural practices for each crop type;

· Determining critical periods of soil water stress for each selected crop, to effectively supply irrigation;

· Analyzing the existing extension system, input supply and credit provision systems in order to propose more effective agricultural support services;

· Assessing the need for training on irrigation technology utilization;

2. METHODOLOGies Employed in the study
In this study, the consultant has made crucial efforts so as to make the assessment participatory by involving beneficiaries, Kebele level experts, Kebele Administration, and Woreda and Zonal line offices. Exhaustive data collection and assessment of the existing agricultural situation have also been undertaken in collaboration with project target beneficiaries. The following section briefly describes the types of methods used in the study.
2.1. Document Review 

Through document review, policy and planning documents are obtained for further analysis. The national and regional Sustainable Development and Poverty Reduction Programme (SDPRP) and Agricultural Development policies and strategies documents are reviewed in the study. 

2.2. Primary Data Collection

In order to get valuable information from direct beneficiaries, this method has an important role. Primary data is collected from the community through structured checklists. Primary data is collected by employing a field survey, using formats and checklists prepared prior the survey.

Focus group discussion and key informant interview are the primary data collection tools used during the field study.

3.1.1.  Focus Group Discussion

The Focus Group Discussion (FGD) is one of the data collection tools employed to consult the direct beneficiaries of the project. Discussion is held with group of beneficiaries consisting of representative households from different social groups. The session was held in the project Kebele so as to address all beneficiaries in the command area, where elders, women headed households, youth social group, model farmers, Kebele administrations, members of traditional irrigation users, and development agents were equally represented. The main focus of this discussion was related to assessing crop and livestock production systems, cropping patterns, irrigation experiences, future community agricultural plans, market information, and other agricultural issues.

4.1.1.  Key Informants’ Interview

This method was applied to get more detail information on key issues where the consultant require more precise data for further recommendations, like farm labor utilization, farm budget, and crop preferences. Closed questionnaire were developed addressing the indicated issues to analyze the cropping pattern diversity and farm level resource allocation that give clue for future improvement of the project. To this effect, full level consultations were undertaken with Woreda agriculture extension workers and Kebele level development agents.

5.1.1.  Direct Observation

Field observation was performed to identify the land use patterns, cropping pattern and agronomic practices of the project area.
2.3. Secondary Data Collection

Woreda and Zonal level Offices were considered as the major data source of the study. Climatic and meteorological data was also collected from the National Meteorological Agency (NMA). The data collection was held in integrated manner with socio-economic and other complimentary sector studies. Relevant checklists have been developed to assist this data collection.

2.4. Data Analysis and Report Preparation

Analysis of the data collected from different sources is performed using different methods. Selection of crops and establishing of the cropping pattern was made based on current practices, farmers’ preferences, soils and climatic suitability as well as marketability of produces in the project area. CROPWAT 8.0 software for windows program (FAO, 2002) and Penman-Monteith methods were also used for calculating reference crop evapo-transpiration and gross and net crop water requirements. 

Crop budget is prepared based on the information obtained from beneficiaries, practical experience, and local market price of the project area. Besides, yield projection is made based on the experience of the beneficiaries on improved agricultural practices, input use, level of technology, irrigation management practice and adoption rate by the beneficiaries, and the potential of the crop.

Furthermore, different kinds of analyses have been carried out to investigate the overall crop potential, cropping pattern, length of growth periods, irrigation schedules, and on – farm water management. 
Methods including description and tabular presentation have been used in analyzing all the data types into this report.
3. Description of the study area

3.1. Location and Accessibility

The Bite – Chole SSIP is located in West Shewa Zone of the Oromia National Regional State, Toke Kutayu district. In specific terms, the project is found in Nega File Kebele, in a village called Qilinxo. The project area is found at about 127km distance from Addis Ababa. This project is found in mid-highland part of the wereda within the Guder town. It is accessible with all weather roads.
The pump site is found to the North /North East of Guder Town. It can be reached by turning to the right, from the main road, while driving to the west direction, before crossing the main bridge on Guder River, around the base for HACEI. The geographical location of the pump site is 364008m Easting and 992566 m Northing. It is located at elevation of   1955m.a.s.l.
3.2. Agro-ecology

Based on the thermal zone (i.e. altitude and temperature), the agro-ecological classification of the proposed project area is classified as mid land. The major crops produced in this agro-ecology are Teff, Wheat, and maize, sorghum, Tomato, Potato, Onion, Pepper, Cabbage and others. 

3.3.  Climate

Climate is one of the components of an environment that determines formation and characteristics of natural vegetation, soil formation and farming systems of a particular area. Based on the climatic factors, the length of the growing period (LGP) for the crops produced in the study area will be described. Climate and soils gives information on the types of climate and soil that are best suited to the crop under consideration.

The climate in the project area is characterized by a distinct rainy season between May and October and a dry season between November and April. Monthly average maximum and mimimum temperatures are estimated as 27.8 0C and 8.10C, respectively. 

3.3.1. Rainfall

The rainfall pattern of the study area is uni-modal. The long term annual rainfall of the study area is about 1213mm. The rainfall distribution and amounts vary from year to year.  The moist months for crop productions are end of October to Mid November and end of April to begging of May   and the dry months are from mid November to end April. The rest months from begging of May to end October are humid period / growing seasons. The rainfall of the project area is shown on the table as follows.

Table 3‑1: Average Rainfall of the Project Area 

	Jan 
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total 
	

	P (mm)
	21
	27
	71
	97
	109
	226
	243
	221
	129
	40
	20
	9
	1213

	Pe (mm)
	3
	6
	33
	54
	63
	157
	170
	153
	79
	14
	2
	0
	734


Source: NMA, Guder station, and analysis by consultant
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Figure 3‑1: Monthly Rainfall Vs Effective Rainfall of the Project Area
3.3.2. Temperature
Temperature is one of the dominant climatic elements, which determines the distribution of vegetation, soil and farming system of a certain area. The temperature is inversely related to the altitude in most cases. This creates variation in crop types as indicated in below Table.
Table 3‑2: Average Monthly Minimum and Maximum Temperature of the Project Area

	Jan 
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Total 
	

	Min (Tem)
	6
	7
	10
	10
	10
	10
	10
	10
	9
	6
	5
	4
	8.1

	Max (Tem)
	28
	29
	29
	29
	29
	28
	27
	26
	26
	27
	27
	28
	27.8

	Eto (mm/m)
	125
	140
	137
	134
	122
	106
	84
	85
	96
	125
	120
	121
	1511


Source: - Guder Meteorological station
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 Figure 3‑2: Minimum and Maximum Temperature, and Evapo-transpiration of the Project Area
3.4. Land Use

The major land use and land cover of the area is characterized by intensive annual crop production. The land utilization consists of residential places, grazing land, tree land, cultivated land, river and gullies and bush and shrubs. Cultivated land occupies the largest share of land utilization followed by grazing and others.
Table 3‑3: Land Use Patterns of the Kebele and Wereda
	No
	Land utilization
	Area in ha

	
	
	Kebele
	Wereda

	1
	Residence
	79
	

	2
	Grazing
	389
	11,603

	3
	Tree Land
	2
	3,651

	4
	Cultivated 
	1,888
	37,192

	5
	Potentially cultivable
	
	6,820

	6
	Other
	6
	19,621

	 
	Total
	2,364
	78,887

	 Source: DA for the Kebele data, and Wereda Agriculture Office for the Wereda data. 


3.5. Land Holding Size
On the basis of the results of the household survey of the Socioeconomic Survey, people of the command area have got agricultural land both within as well as outside the command area. Out of the sample household number of 40, only 2 households do not have land outside the project command area. The size of land holding within the command area ranges from a maximum of 6.0 ha to a minimum of 0.1ha the average being 1.61ha per household of the command area. Similarly the average land holding outside the command area amounts to a maximum of 1ha to a minimum of 0.1ha and the average is 0.36ha per household. In totality, the average land holding of the command and outside the command area amounts to 1.97ha/HH. The majority of the households amounting to 93% have got average land holding of up to 3ha within the command area.

4. existing farming system and agricultural support services of the project area
4.1. Farming System
The proposed command area of Bite Chole SSIP is a cultivated land in its land use type. It is cultivated by rain fed agriculture during the main rainy season and by traditional irrigation during dry season. The major crops produced in the command area are Teff, maize, sorghum, Wheat, and vegetables mainly potato and tomato during the rain fed farming. These crops are produced both for food and sale to generate cash income for the people of the area, where Teff and Wheat are the major crops that are considered to be the main food. Tomato, Onion, Potato, Cabbage and Maize are the main crops produced by irrigation. These crops are largely produced for sale so as to generate cash income for the users.
The farming system practiced in and around the project area is mixed farming (both crop production and animal rearing). Cereal dominant rain fed crop production is a dominant subsistence farming system in the area. Even though mixed farming is practiced, crop production is the major means of livelihood of the people of the area. 

4.1.1. Rain fed Crop Production 

Rain fed agriculture is practiced on the cultivated part of the proposed command area in rainy season. As already mentioned above, the major crops produced by rain fed agriculture are Teff, maize, sorghum, Wheat, oil seed and Pulse crops. The average yields for the major crop are summarized in below table.

Table 4‑1: Existing Crop Production in the Command area, Kebele, and Woreda
	No
	Major 

Crop
	Area (ha)
	Area (ha)
	Area (ha)
	       Total production (in Quintal)

	
	
	Woreda
	Kebele
	Command
	Woreda
	Kebele
	Command

	1
	Wheat 
	9,846.0
	180.0
	22.2
	351,997
	5,909
	491.3

	2
	Teff
	7,992.0
	895.0
	49.1
	204,306
	21,752
	608.1

	3
	Barley
	6,192.0
	0.0
	0.0
	199,313
	0.0
	0.0

	4
	Maize
	4,392.0
	2,227.0
	23.4
	245,978
	14,755
	988.8

	5
	Sorghum
	1,778.0
	125.0
	3.7
	45,658
	3,250
	36.8

	6
	Field pea
	1,454.0
	0.0
	0.0
	21,884
	0.0
	0.0

	7
	Faba bean
	1,139.0
	0.0
	0.0
	19,317.0
	0.0
	0.0

	8
	Linseed
	1,096.0
	0.0
	0.0
	12,882.0
	0.0
	0.0

	9
	Vegetables 
	0.0
	0.0
	15.1
	0.0
	0.0
	1,848.3

	
	Total
	 33,889
	  3,427 
	113.6
	1,101,335
	45,666
	3,973.3


Source: Woreda Office of Agriculture for the Woreda data (2006/07), Kebele Administration Office for the Kebele data (2006/07), and consultant’s analysis for the command area data
4.1.2. Irrigated Agriculture
The Woreda has a great potential for irrigation development. The project area is also strategically located near to Guder and Ambo towns which make a good opportunity for the marketing of crop production.  The practice of irrigation is common in the places of the Woreda as well as within the proposed command area. The existing problem of traditional irrigation is decreased amount of water from time to time and conflict among beneficiaries on the use of water. As per the result of the socio economy survey, the total area of irrigated land in the command area amounts to 7.74ha which is used 2 times per year. 

On the basis of the information obtained from the DA of the Kebele, irrigation utilization of the project places began in year 1942.  The area covered by irrigation in various places of the Kebele amounts to 10ha. The irrigation practice is taking place by diverting the Chole River to grow mainly vegetables. Data obtained from the irrigation authority of the Woreda shows that there are a total of 214 irrigation schemes which benefits a total of 6,559 beneficiary farmers. The schemes consist of traditional, modern diversion, pump and shallow wells. 

Vegetable production by irrigation is a recent but growing practice in the area. Common irrigation schemes in the districts include traditional and modern irrigation schemes, motor pumps and river diversion by gravity.   Major vegetable crops produced by farmers are onion, potato, cabbage, and garlic to a smaller extent.  Garlic is produced only in small plots although it’s a high priced vegetable.  Farmers have mentioned that there is a gap in garlic production due to lack of planting material and experience in irrigated farming.  Of  those  households  involved  in  irrigated  vegetable  production,  most  produce  onion  and potato. Cabbage and garlic are only produced by few.  The area is a high potato producing area where the majority of production is rain-fed.

Irrigated vegetable production takes place during the dry season. Vegetables, like shallot, potato, garlic and onion are grown during the rainy season as well and others like cabbage only with irrigation. Those vegetables produced by irrigation are used exclusively for the market; source of  cash, while  those  produced  by  rain-fed  are  used  mainly  for  household  consumption  and  the  remaining  for sale.  Vegetables  produced  through  irrigation  are  sold  for  higher  price  than  those  produced  using  rain-fed. Farmers  explain  that  the  vegetable  produced  by  irrigation  is  of  higher  quality  (cleaner and  attractive) and produced in time of scarcity, thus bring more income.  This shows that there is potential for market oriented vegetable production by irrigation in the districts. The types of major crop produced in the project are by traditional irrigation referred in below table. 
Table 4‑2: Major Crops grown and Production by Irrigation in Toke Kutaye Woreda
	No
	Major crop
	Area  (ha)
	Average yield (qts)
	Total production (qts)

	1
	Potato
	674
	85.58
	57,687

	2
	Sweet potato
	42
	102.88
	4,321

	3
	Tomato
	1,086
	89.65
	97,357

	4
	Cabbage
	289
	71.10
	20,542

	5
	Kale
	14
	107.14
	1,500

	6
	Carrot
	16
	107.94
	1,727

	7
	Beet root
	70
	82.67
	5,787

	8
	Onion
	313
	99.87
	31,262

	9
	Shallot
	21
	121.14
	2,544

	10
	Garlic
	29
	83.96
	2,435

	11
	G/pepper
	34
	75.97
	2,583

	12
	Maize
	240
	28.00
	6,722

	13
	Haricot bean
	89
	4.74
	422

	14
	Chickpea
	86
	2.32
	200

	
	Total
	3,003
	
	235,089


Source: Woreda Irrigation Development Authority (2006)
4.2. Agricultural Support Services
Agricultural development support services are providing by governmental and non-governmental organization to ensure the agricultural development. Some of the major services are agricultural extension service, agricultural inputs supply and credit provision; agricultural research and others. At grass root level farmers are getting extension service from development agents assigned at Kebele level. Three development agents with different specialties are providing technical support to the farmers. The level of input utilization shows the weakness of the extension service to address the bottleneck of crop production development. The extension service network extended from region to grass root level, and technical staff at Woreda level are supporting the development agents working together as witnessed during our field assessment.

However, the existing extension service requires critical improvement to support the modern irrigation development in the project area. Unless the farmers are supported with improved farm management skills, the intended crop production development project will not be realized. Therefore considerable attention must be given to upgrade the knowledge of the development agents on modern irrigation agronomy and related technical subjects.

4.3. Livestock Production
Livestock production is the second most important economic activities of the project area as a whole, according to the findings of the Socioeconomic Survey. In addition to its economic contribution, it is also contributing to crop production by supplying draught power. In view of the primary and secondary income generating activities, there is substantial number of livestock owned by the community. 

On the basis of the results of sample households, the total livestock number available within the command area is estimated whereas the kebele figure is obtained from the office of the DA.  The types of livestock available in the command area are similar with those found in the kebele and wereda. The types of livestock available within the project places are cow and oxen, horse, mule, horse, goat, sheep, poultry and beehives. The people also get annual benefits from the sale and consumption of various products of livestock resources. They use to benefit from their by-products such as sell butter, meat, milk, egg. They also sell live animals. The contribution of livestock in the household economy is very significant. Households mostly sell livestock (cattle, sheep and goats) from middle age to maturity. Cows are the only animal milked and livestock products sold include butter, milk, meat, eggs and hides. Both oxen and milking cows are replaced from within the herd and through purchase. 

Animals either free graze or are fed and grass and crop residues. Animal feeding is mostly from crop residues, hay, straw cut and carry. Free grazing is a common system on the non cultivated area. The major constraints of livestock production are lack of surplus feed, foot and mouth diseases, and lack of improved Varieties.  The livestock number of the command area, the kebele and the wereda are given below.

Table 4‑3: Livestock Population of the project, Kebele & Woreda
	Livestock Type
	Number of Livestock at the level of
	Average Livestock holding

	
	Sample HH
	Command Area HH
	Kebele
	Wereda
	Command Area HH
	Kebele
	Wereda

	Cow and Oxen
	283
	1,259
	3261
	108,080
	7.1
	2.6
	4.72

	Equines
	23
	102
	490
	28,930
	0.6
	0.4
	1.26

	Goat and Sheep
	31
	138
	5440
	72,707
	0.8
	4.4
	3.18

	Beehives
	30
	134
	564
	19,056
	0.8
	0.5
	0.83

	Poultry
	149
	663
	3234
	8,554
	3.7
	2.6
	0.37

	Source: HH Survey, Kebele office  and wereda office of agriculture
	
	


4.4. Market Conditions
Marketing Places: Access to market is one of the decisive factors in the irrigation development especially to vegetable production. Under this consideration it has been tried to observe the market accessibility of the proposed irrigation project. The major marketing places for farm produces and inputs are Guder and Ambo towns.  The town of Guder and Ambo are located at about 2 km and 12 km respectively from the command area. The major marketing days of Guder is every Monday whereas daily markets are also available from Monday to Saturday. The marketing days of Ambo are on the days of Tuesday, Thursday, and Saturday. Besides, daily markets are also available in both of the towns. The major marketable farm produces which are marketed at both market places are cereals, pulses, vegetables, livestock and animal products.
This large market has a potential to absorb the whole agricultural products and by-products which are produced in the area. One of the good opportunities to improve the agricultural practice in the area is the availability of such a market at adjacent town. There are agricultural inputs, outputs and by-products, industrial products, animals and their products are sold in this market.

Communication Transport:  The people used to travel on foot, cart and Bajaj to Guder and Mini Buses to Ambo town marketing places. 

Marketing Channels: The people use to directly deliver their products to the marketing places and also purchases inputs from the markets. There are no secondary and other agents that act between the market and the producers.
4.5. Major Crop Pests and Diseases
Cutworms, aphid and Rust are common pests of cereals grown by farmers of the area. Crop pests and disease are not serious problems in and around the project area for rain fed agriculture.
4.6. Constraints of Crop Production
Climate and soil are among the major factors determining feasibility of crop production practices in a given area. Any negative change in climate and soil is accompanied with reduced crop performance which could ultimately threaten the livelihood of the farming community. Hence, the issue of improving crop production in the study area largely depends on the efforts made to halt the negative changes observed in climatic and soil conditions of the area at large.  

Therefore, some of the problems limiting crop production in the area can be treated through improved agronomic practices whilst quite a number of them require integrated approach demanding involvement of expertise from different disciplines. Farming practices are traditional and use of production inputs (fertilizers, improved seeds and agro-chemicals) is not significant. Farmers are well aware of the technologies but worry of using these expensive inputs in view of their circumstances high prices and limited access to credit facilities. Moreover, poor agronomic practices including land preparation, timely planting and weeding contribute to low productivity.

An accelerated rate of soil fertility decline has been a great concern for farmers in the study area. Continuous mono-cropping without fallow has resulted in increased soil erosion which in turn has resulted to depletion of soil fertility. An ever increasing population in the areas as well as erratic rainfall forced farmers to practice continuous cropping of cereals cause soil erosion and accelerated soil fertility decline. Agricultural inputs such as fertilizers, improved seed and agrochemicals are the main production factors, which have to be taken in to consideration, for increased crop production. These modern agricultural inputs especially improved seed and fertilizer are not widely used in the area. One of the reasons, according to the agricultural development office of the Kebele, for low utilization of improved seed is lack of financial income or high prices of inputs. 

The limited improved inputs which were distributed in the previous years could not give satisfactory yield because the farmers indicated that the improved seeds supplied from the agricultural office are not pure and susceptible to various pests. Besides, the distribution schedule is unreliable and sometimes they receive untimely. With regard to low fertilizer utilization it is mainly due to higher price.

5. Existing Agronomic Practices of the project area
5.1. Land Preparation

The land could be ploughed up to 5 times using oxen. Land is ploughed up to five times before sowing crops and the frequency of ploughing generally depends on the type and level of weed infestation and the type of soil. The first three ploughing were carried out to break or turn the soil and were heavy operations. The last two ploughing were carried out to open furrows and remove weeds. The first ploughing is carried out in April, the second in May following the small showers during these months. 

5.2. Sowing

Sowing is either by broadcasting or drilling into rows prepared using oxen ploughs. The seed is then covered with soil manually or using traditional oxen ploughs.

5.3. Weeding 

Weeding is carried out 6 or 8 weeks after sowing depending on the level of weed infestation. In addition to hand weeding done to control grassy weeds, farmers also spray herbicide to control broad leaved weeds. Farmers also use pesticide to control aphids and worms. More often, weeds are uprooted, squeezed and left on the surface to dry. Grass weeds (such as Digitaria species) were deliberately left to grow in the fields and cut and carried to home to feed livestock in October and November (Tikimt and Hidar) when the crop is at filling and ripening stage. It takes about 4 to 5 persons per day to finish weeding one timed within a day. Wheat and legumes fields are weeded only once while the weeding of teff is carried out twice during the growing period. 
5.4. Harvesting and Threshing

Crops are harvested starting from late September to mid January. Cops harvested earlier were usually sown earlier in rainy season (June to July). Crops grown on light soils are harvested earlier that crops grown on clay soils, Harvesting can be carried out using family labour or shared and/or hired labour. If harvesting is carried out using hired labour, 3 to 4 persons can finish harvesting a timad (0.25 ha) of crop field in a day. The time of trashing a crop is depends on family food and cash needs and generally carried out starting a week or two after harvesting. If the family's cash and/or food need is not urgent, threshing is mostly carried out starting from the first week of February and completed by the end of the month. 
5.5. Existing Cropping Calendar (Summary)

In conclusion to the above discussion, the existing agronomic calendar of the command area has been analyzed in the following manner.

Table 5‑1: Existing cropping calendar of the project area for the rain-fed season
	Crop
	Land preparation
	Sowing/planting
	Weeding
	Harvesting

	1.Rain fed crop

	Maize
	April – May
	Early May
	June
	Late September

	Teff
	April – May
	Late July
	August-September
	Late Nov. - Dec.

	Potato
	April – May
	Early May
	June
	Mid July

	Garlic
	April – May
	Early May
	June
	Late October

	cabbage
	April – May
	Early May
	June
	Mid July

	Pulses
	April – May
	July for light soil
	August
	After mid-Oct.

	
	
	Sept. on black soil
	Oct/Nov
	Dec/Jan

	Check pea & vetch
	Mid-August
	Late August /early September
	Nov
	Jan

	2. Irrigated crop

	Maize
	October
	Early November
	December
	February (green)

	Onion
	Early Nov.
	December
	Dec/Jan
	Early March

	potato
	November
	December
	Feb/Mar
	Mid-April

	Cabbage
	November
	December
	Feb/Mar
	Mid-April

	Garlic
	October
	Early November
	Dec/Jan
	March


5.6. Yield and Use of Produce
The amount of yield that could be obtained from a unit of land varies from soil to soil and dependent on the rainfall condition and amount of fertiliser applied. The average yield of major crops grown by farmers is shown under the title of existing crop production.

Depending on the household's cash needs, (for paying labourers hired for harvesting, clothes for family and send children to schools and critical social expenses such as edir), farmers start to sell starting a week or two after threshing. During this initial period a farmer may sell few quintals of the crops such as wheat. There after farmers sell their produce in split, i.e., every week or fortnight, depending on the households’ cash needs to pay for land tax, fertiliser credit and other expenses. The straws of cereals are stored and keep for use as livestock feed and other purposes such as construction and sale. Legume and maize stalks are mainly used for fuel. 

5.7. Use of Agricultural Inputs

Inputs like fertilizer (DAP and UREA), improved seed variety for wheat and maize, pesticides (Malathion and Herbicides-2-4D) are used to increase production and are available through the market and/ or provided by the cooperatives either by cash or credit. Insecticides are used by farmers to control Red Teff worm, Cut worm, Stalk borer those who has influence on the production of teff, wheat and maize crops, respectively. Farmers also sometimes use chemicals against diseases such as rust. These chemicals are available in the market and/ or supplied by the cooperatives either on cash or credit. 
In terms of fertilizer utilisation, Urea and DAP are the two major fertilisers used by farmers and the quantity of these mineral fertiliser applied for cereal crops ranges from 50 to 150 Kg/ha (DAP and Urea mixed). Urea is applied in split, the first dose is applied during sowing time together with DAP. The fertiliser is broadcasted together with the seed. The second dose of Urea is applied two to three weeks after sowing right after completing the first weeding. 
Farmers get vegetable seeds mainly from Addis Ababa ‘Atkilte Tera’ Market and Private Shops in Ambo town. There  are  few  private  all-purpose  shops  that  sell  vegetable  seeds  and  agrochemicals  along  with  other  farming/non-farming  items  e.g.  foodstuff shop,  kiosks,  and  vets  drug vendors. Motor  pumps  and  other  irrigation  equipment  are  either  purchased  individually  from  Addis  Ababa market  or  supplied by  the  Oromia Irrigation Development Authority. 
In general, the following table shows the types of inputs and their farm gate prices, which is obtained from the Kebele DA.
Table 5‑2: Input Utilization of the Command (for the year 2006/07)
	No
	Crop Types
	Input Used and Average Farm gate  Price

	
	
	DAP (qt/ha )
	Unit Price (Birr/qt)
	UREA (qt/ha )
	Unit Price (Birr/qt)
	Chem (lit /ha)
	Unit Price (Birr/lit)
	Seed (qt/ha)
	Unit Price (Birr/qt)
	Labor (MD/ha)
	Unit Price (Birr/day)
	Oxen Days (Days/ha)
	Unit Price (Birr/Ox)

	1
	Teff
	1
	1,382
	1
	1185
	1
	82
	15
	2,000
	24
	60
	24
	120

	2
	Maize
	1
	1,382
	1
	1185
	
	
	25
	1,680
	15
	60
	15
	120

	3
	Sorghum
	0
	-
	-
	-
	
	
	10
	780
	12
	60
	12
	120

	4
	Wheat
	1
	1,382
	1
	1185
	1
	82
	100
	1,496
	24
	60
	24
	120


Source: DA of the Kebele

6. proposed cropping pattern of the Project
6.1. Crop Selection

Farmers’ crop production experience in irrigated agriculture is taken as basis for crop selection. Usually, at the beginning of each cropping season, the farmers are making decision on type of crops to be cultivated in given season by taking into account the peculiar climatic condition of each cropping season. The decision is taken collectively in consultation with neighbours and family members. The farmers have preserved different crops’ varieties adoptable to the environment of the project through in-situ preservation mechanism as part of the farming system. However, most of the varieties those have better adaptation capacity unfortunately characterized by low yields per unit area. Therefore crop selection for the proposed project will consider the farmers experience in cultivation of staple crops. 

Crop preference in consumption habits of the community is the most important factor to allocate adequate plot for given crop especially for the area where food insecurity is critical problem of the community. Consumption habit is part of our selection criteria to accommodate the interest of the community and to maintain the food supply potential of the household. In line with this, potential cash crops will be incorporated to enhance household income can be invested for agricultural improvement and sustaining the livelihood by diversifying their income. 

Based on environmental, technological, food security level, and market situations of the area the following criteria are used for selection to propose more appropriate and productive crops for the proposed project

6.2. Crop Selection Criteria

Suitability to existing agro-climate condition: Crops suitable for mid-highland agro-ecology will be selected potential to ensure sustainable food security and generating income. Crops with high yielding potential for the household consumption and marketing have priority to include in cropping pattern

Farmers’ experience in crop cultivation: the crops those are familiar to the community get reasonable consideration. The farmers will easily involve in production system with proposed technologies for more familiar crops. Therefore crops which have been cultivated in the project area need to be incorporated in the cropping patterns to develop their confidence on the project, and minimizes crop loss due to lack of knowledge on farm managements

Availability of improved variety: availability of high yielding varieties for selected crops should be the main selection criteria. High farm returns per unit area that can be achieved through improved varieties encourage the farmers to practice new technology package that ultimately meet the goals of the project. Varieties generated from different research centres and multiplied in government enterprises and private farms will be used for cultivation. 

Length of growing period is an important biological feature of the given crop variety that helps to develop appropriate cropping system. Short cycle varieties of selected crops will be chosen for production to increase crop intensity. All agricultural interventions are dependent on length growing period of the crops, therefore crops suited for existing rainfall distribution and dry spell period will be taken into consideration to propose appropriate cropping pattern, crop rotation and irrigation requirements. 

Response to irrigation and other yield enhancing inputs: rate of responsiveness to agricultural inputs under irrigated farming system will be one of the factors to select effective crops. Less responsive for irrigation and fertilizer will not be part of the cropping pattern. 

Suitability to the proposed irrigation technology: there are different irrigation application technologies preferred for various crops depend on their root system, vegetative growth, and plant spacing and irrigation efficiency. Thus crops suitable for furrow and border strip irrigation will get priority during selection.

Prospect of crops in domestic and international markets: the irrigated farming is tending to be commercial oriented and targeting all potential market opportunities to get maximum returns from the project. Growing of potential cash crops for domestic and export markets ensure sustainable and higher household income.

6.3. Proposed Cropping Patterns for Dry and Wet Seasons

Based on the above indicated selection criteria list of potential crops are selected to develop appropriate patterns for optimum results by taking in to account the objective of the intervention. Cropping pattern is an arrangement of mix of crops to be cultivated in given land area and cropping season, that determines the farm outputs and income of the beneficiaries. Accordingly crop such as Tomato, Potato, Pepper, Onion, Maize, Garlic, cabbage and pepper are proposed for dry season.  

In the proposed cropping pattern maize share is quite larger than others to secure family food demand and use as income generation crop. In case of dry season cropping, maize crop is suggested to produce mainly for market because of high demand in the project area during off-season. Beside there is an option for growers to sell at green stage if the farmers require money at early stage. 

Cropping pattern recommended for wet season is mostly dominated by food crops. It is assumed that the household can produce adequate food grains during main rainy season. Therefore, crop like Maize, Potato, Cabbage, Carrot, Beet root and Pepper are proposed for wet season. For cash crops, those that are sensitive to climate fluctuation are preferred to be grown under controlled water distributions to reduce crop loss risk.   

Table 6‑1: Proposed cropping pattern for Bite - Chole SSIP
	No
	Crop type
	Dry season
	Wet season

	
	
	Area (%)
	Area (ha)
	Area (%)
	Area (ha)

	
	
	
	
	
	

	1
	Tomato
	20.1
	22
	0
	0

	2
	Potato
	14.7
	16
	20
	21.8

	3
	Pepper
	10
	10.9
	15
	16.35

	4
	Onion
	24.9
	27.1
	0
	0

	5
	Maize
	10.1
	11
	30
	32.7

	6
	Garlic
	10.1
	11
	10
	10.9

	7
	Cabbage
	10.1
	11
	15
	16.35

	8
	Carrot
	0
	0
	5
	5.45

	9
	Beet root
	0
	0
	5
	5.45

	
	Total
	100
	109
	100
	109


6.4. Proposed Cropping Intensity

The overall objective of the project is to maximize the utilization of land and water, given that the water source is not a limiting factor and that all the beneficiaries are capable of implementing the proposed program in terms of supplying the labour and other inputs required. The cropping pattern for the proposed project is already mentioned above and it is desirable for the cropping intensity to approach 200% i.e. all the irrigable land is to be irrigate two times as supplementary irrigation over one calendar year.

Cropping intensity (CI) is calculated as:  CI= 100*[A (C1) +B (C2) +C (C3] /CA

Where:

· A(C1) =Total area harvested in the first  season
· B(C2) =Total area harvested in the second season
· C(C3) =Total area harvested in the third season
· CA =cultivated area 
But in those areas where rainfall plays a significant part in the year’s production cycle, farmers devote more of their efforts towards their rain fed crops, which require lower labor inputs compared with their irrigated plots. 

Therefore, in practice it is preferable to aim at a lower cropping intensity. Hence, the cropping intensity of 200 % is proposed for the project in one cropping patterns over one calendar year.

6.5. Cropping Calendar

The cropping calendar of the year is totally relying on the rainfall distribution to start the agricultural practices. Land preparation activities have started almost a month before the planting date that gives time for crop residue decomposition, soil treatments and good soil aeration. The land preparation conducted in the same months while sowing is carrying out in different months depend on the length of growing period of selected  crop variety. Unlike to other crops haricot bean is sown in June in order to harvest under dry climatic conditions. Harvesting period in both agricultural systems required to be free from rainfall and high humidity to collect the products with recommended seed moisture level. In case of vegetable crops rainy and high humid conditions are not suitable environment for harvesting because of fruit damage, aggravate pest infestation and affects harvesting practices. 
Table 6‑2: Cropping calendar for selected crops of the  wet and dry seasons
	Crop
	Land
preparation
	Sowing/
Planting
	weeding
	Harvesting

	Rain fed crops
	
	
	
	

	Maize
	April 
	Early May 
	June 
	Late September

	Potato
	April 
	Early May 
	June 
	Mid July 

	Pepper
	April 
	Early May 
	June 
	Late October 

	Garlic 
	April 
	Early May 
	June 
	Late October 

	Cabbage
	April 
	Early May 
	June 
	Mid July 

	Carrot 
	April 
	Early June  
	Mid June 
	Early September

	Beet root 
	April 
	Early May 
	Mid June 
	Early September

	Irrigated crops
	
	
	
	

	Maize
	Early November 
	Early December
	January 
	Early April 

	Tomato 
	Early November 
	Early January 
	Jan/Feb
	Early April

	Onion 
	Early November 
	Early January 
	Jan/Feb
	Early April

	potato 
	Early December
	Early January 
	Jan/Feb 
	Early April

	Pepper
	Early December
	Mid December
	Jan/Feb
	Mid May

	Cabbage 
	Early December
	Early January 
	Jan/Feb 
	Early April

	Garlic 
	Early December
	Mid December
	Jan/Feb
	Mid May


Therefore the farmers experienced in designing the cropping calendar for all crops in both cropping system considered the above-mentioned production issues in order to minimize the crop losses. Besides market demand calendar for each crop is additional factor to adjust the calendar to get higher income as presented in Table above. 
6.6. Crop Rotation and Sequences
Legumes are mostly sown to restore fertility soils and because of their values in the market. On medium textured soils, farmers prefer to plant legumes since they believe that the crop does not tolerate the poor drainage and lower temperature of black clay soils during the winter/rainy season. Legumes are sown in July, during the peak rainfall month.  Planting legumes on black clay soils at this period when the soil is highly water logged significantly affect the seedling growth and crop performance during the growing period. Consequently, the productivity and the level of harvest that could be obtained will decline severely. Farmers prefer to delay planting legumes on clay soils to September, late during the winter rains (kiremt) when the soil is well drained. The high moisture holding capacity of black soils help farmers to grow chickpea and vetch using the residual soil moisture at the end of the rain season. Moreover, these crops have allowed farmers to put their land to best use which otherwise could not be used for crop production because of poor drainage. 
Crop rotation – a land is sown with a legume crop once every four years period to restore soil fertility. The first crop sown following the legume is wheat because it gives more or higher yield than other crops and it is high value crop. Following wheat it is teff that is grown on the land and during the 3rd year wheat is sown again. Therefore, farmers produce cereals on the land three times in a cycle and or for three years before sowing with or putting the land to legumes (to restore the soil fertility using legumes). Wheat is planted twice during a rotation cycle because it has higher market price compared to other crops such as teff.  Growing wheat after teff is also considered as an advantage because the wheat can benefit from the mineral fertiliser applied for teff (carry over). Moreover, since teff fields are thoroughly weeded, the level of weed infestation during the subsequent season is minimum and this benefits wheat.
6.7. Crop Development Stages  - Length of Growing Periods
FAO (1998a) gives general lengths for the four distinct growth stages and total growing period for various types of climates and locations. However, as this information is only indicative, the lengths of growth stages of the proposed crops for the proposed small scale irrigation project was verified and supplemented with local information. This local information was obtained from field observations, an interview made with the target beneficiary and local extension officers (i.e. Development agents of the project kebele).
Table 6‑3: Length of Crop Development stages used for the selected crops
	Crop
	Growth stages (days) for Proposed crops

	
	Initial stage
	Development
	Mid-season
	Late-season
	Total (days)

	Maize
	20
	40
	50
	30
	140

	Tomato
	30
	40
	45
	30
	145

	Cabbage
	30
	50
	40
	15
	135

	Onion
	20
	30
	30
	15
	95

	Potato
	25
	30
	45
	35
	135

	Pepper
	30
	40
	50
	20
	140

	Garlic
	15
	25
	70
	40
	150

	Carrot
	30
	50
	40
	15
	135

	Beet root
	30
	50
	40
	15
	135
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Figure 6‑1: Graphic representation of growth stage of proposed crops
7. Irrigated Farm Input and Support Services
Improved farm inputs are integral components of intensive agriculture, high crop yields can be sustained only through application of farm inputs at the appropriate rate, time and quantity. Fertilizer, improved seed and agro-chemicals are major agricultural inputs encompassed in the proposed projects to attain desirable crop yield. Depending on the appearance of new seed and fertilizer technologies, the project intends to be flexible to apply updated inputs after checking in adaptation trials. Thus, the recommendations are just an average and literature based values, adapted from research institutes and other literatures, which can be used for planning purpose. 

Farm labour including human labour and draught power are essential inputs. The availability of draught power during ploughing and seedbed preparation for smallholder operations is critical issues which can result in negative impacts on the entire crop production system.  

Since irrigated agriculture requires more inputs and power (labor intensive), continuous follow up by the development agents and concerned bodies is needed. Likewise the labor and oxen requirements have been estimated for each proposed crop, taking into consideration the main activities to be carried out in one cropping season. 
7.1. Improved Seeds

To significantly increase crop productivity, farmers will need access to improved seed varieties for all crops included in the proposed cropping patterns. High yielding and drought resistance varieties of the selected crops released from different agricultural research centres are essential inputs to the development of irrigated agriculture within the project area. 

Crops’ input requirements in terms of labour, draught power, seeds, fertilizers and agro-chemicals have been estimated based on current practices in the country. Adequate and timely supply of inputs, particularly improved seeds and fertilizer, is very important to the sustainability and productivity of the project. The full application or use of these inputs may not be attainable during the early years of the project life but should be implemented in a gradual manner through vigorous extension work, farmers’ active participation, on-farm demonstration and trials (pilot project).

Appropriate application rates for seeds and seedlings of the proposed crops are presented in below Table.

Table 7‑1: Input requirement per hectare for the proposed crops
	No 
	Crop type
	Seed rate(kg)
	DAP(kg)
	UREA(kg)
	Pesticides (lit)

	1
	Maize
	25.00
	100
	100
	2.0

	2
	Tomato 
	5.00
	100
	150
	2.5

	3
	Cabbage
	0.60
	100
	100
	2.0

	4
	Onion 
	5.00
	400
	200
	3.5

	5
	Garlic
	500.00
	150
	100
	--

	6
	Potato
	1800.00
	150
	100
	--

	7
	pepper
	0.6
	100
	100
	---

	8
	Carrot 
	6.00
	
	100
	---

	9
	Beet root
	10.00
	50
	75
	---


7.2. Fertilizers

Fertilizer is an important crop input targeted at maintaining adequate levels of nutrition and soil fertility as required by different crops. Optimum crop yields can therefore be achieved by improving existing fertilizer management under irrigated conditions. DAP and UREA is currently being used in the project area. Farmers training centres will therefore give more attention to fertilizer use (both organic and inorganic fertilizers) in order to improve farmers’ skills and knowledge. Improved crop husbandry practices, such as crop rotations with legume crops as well as integrated nutrient management, will also be introduced and promoted. Typical fertilizer application rates of DAP and UREA, which are considered appropriate for proposed crops, are presented in table above.
In addition to the above-mentioned chemical fertilizers, manure and compost are potential organic fertilizers which would be applied to the proposed crops. Locally available materials would be the main ingredients of compost to be prepared at household level. It is important that chemical fertilizers are supplied adequately and timely to farmers through the service cooperatives and / or private dealers. The quality of the supplied fertilizers also needs to be ensured.
7.3. Agro-chemicals
Herbicides are the most common agro-chemicals used by farmers in the project area. Other agro-chemicals, such as insecticide and fungicide, are not widely utilized despite the widespread incidence of pest and diseases. The main reasons for the low level of utilization are lack of availability in the market, high cost and unreliable quality. If pests and diseases are not controlled (or properly treated) significant crop losses may result.

To avoid high crop losses, the application of pesticides and insecticides in effective dosages and at appropriate times is essential. The use of pesticides should, however, only be applied when necessary and in association with cultural methods based on the principles of integrated pest management (IPM).

Table 7‑2: Farm gate prices of selected crops and inputs
	Items
	Unit
	Unit Price

	
	
	Main Crop
	By-product
	Seeds
	Inputs

	Maize
	Birr/qt
	500
	15
	1680
	

	Tomato
	Birr/qt
	650
	
	3600
	

	Potato
	Birr/qt
	570
	
	1200
	

	Onion
	Birr/qt
	650
	
	800
	

	Pepper
	Birr/qt
	1,000
	
	1,300
	

	Cabbage
	Birr/qt
	750
	
	600
	

	DAP
	Birr/qt
	
	
	
	1,382

	UREA
	Birr/qt
	
	
	
	1,185

	Pesticides for vegetables
	Birr/lit
	
	
	
	800

	Pesticides for Crops
	Birr/lit
	
	
	
	90

	Labor
	Birr/day/person
	
	
	
	60

	Oxen
	Birr/Day/Oxen
	
	
	
	120

	Sacks
	Birr/sack
	
	
	
	10



             Source: Socioeconomic Study of the consultant
7.4. Harvesting and Threshing
At present, all crops are harvested manually, usually with sickles. To separate cereal and pulse grains from the chaff and straw, farmers thresh their harvested cereal and pulse crops with oxen, whereby the animals tramp on the dried stalks of crops spread over the threshing ground. The existing threshing method is very time consuming and a significant proportion of the crop is lost. 
7.5. Labour Requirements

The proposed crops require labour inputs ranging from about 76 man-days per hectare for Maize to 436 man-days per hectare for Onion. In addition to increasing the labour requirements for crop production activities, the development of irrigated agriculture will also require additional labour to operate the irrigation system and to undertake maintenance of the irrigation and drainage infrastructure.

Table 7‑3: Labour requirements for selected crops per hectare
	Activities
	Unit
	Maize
	Tomato
	Cabbage
	Onion
	Potato
	Pepper
	Garlic
	Carrot/ B-Root

	Nursery management
	Man-days
	---
	----
	60
	60
	---
	60
	
	

	Land preparation
	Man-days
	14
	60
	50
	55
	24
	50
	55
	55

	Sowing/planting
	Man-days
	5
	55
	20
	90
	24
	20
	45
	16

	Irrigation 
	Man-days
	8
	30
	60
	80
	24
	60
	80
	30

	Fertilizing
	Man-days
	2
	10
	6
	9
	4
	6
	4
	2

	Spraying
	Man-days
	2
	6
	2
	2
	---
	2
	2
	

	Weeding 1
	Man-days
	6
	80
	80
	90
	80
	80
	90
	40

	Harvesting
	Man-days
	15
	60
	60
	10
	60
	60
	10
	20

	Post-harvest operation
	Man-days
	8
	20
	10
	20
	10
	10
	10
	5

	Sub-total
	 
	60
	321
	348
	416
	226
	348
	296
	168

	Drought  animals 
	Oxen-days
	16
	16
	16
	20
	16
	16
	16
	16

	Total 
	
	76
	337
	364
	436
	242
	364
	312
	184


7.6. Yield Estimation and Build-up

Future yield estimates consider the existing farming experiences and yields which have been attained with available technologies. Projected yields are targeting crop productivity under improved agricultural practice. The number of production years that are required to attain the planned optimum yields depends on suitability of the area, level of farmers’ exposure to given technologies, and efficiency of supporting institutions. 

The following assumptions are made to estimate achievable yield and yield projection. The assumptions are: appropriate input supply system, proper irrigation application, applying appropriate farm managements, and provision of consistent agricultural support service by competent institution and expertise.   

Rate of yield increment or optimum yields on smallholder farms can be achieved in a slightly longer period compared to mechanized farms. This is because smallholders have different levels of farm management skills to properly apply improved technologies and farm tools efficiency in land tillage and cultivation. In addition to this, the difference in efficiency of irrigation systems, such as furrow irrigation in smallholder farms, will bring impacts on yields, which is reflected in the projected yields of smallholder farm yield build up. Yield estimate and yield build up for crops which will be introduced by the project are estimated based on experience in the Woreda out of the project area, national experiences, and research results on farmers’ fields. Based on the above mentioned assumptions yields of proposed crops are presented in the following tables.

It is expected that crop yields will improve due to the following:

· Access to  supplementary irrigation in wet season;

· Reduced flooding and water logging due to drainage works;

· Farmers acquiring necessary agricultural skills and knowledge due to the provision of training and extension services;

· Improved access to improved seed varieties and other farm inputs, including fertilizer and agro-chemicals;

· Improved access improved tools and equipment; and

· Reduced crop losses due to better control of weeds, pests and diseases.
The crops yields that smallholders are expected to achieve under irrigated conditions in the future with project situation are given in below table.
Table 7‑4: Yield Build up for selected crops for the project (in quintals)
	Purposed crops 
	Without  project
	
	
	Year
	
	

	
	
	1
	2
	3
	4
	5-20

	Maize
	42
	45
	50
	55
	60
	65

	Cabbage
	121
	130
	150
	165
	180
	190

	Onion 
	96
	110
	140
	170
	180
	190

	Tomato 
	150
	160
	175
	190
	200
	210

	Garlic
	46
	55
	60
	65
	70
	75

	Potato
	40
	90
	150
	180
	190
	200

	Green pepper
	76
	80
	83
	85
	88
	90

	Carrot 
	107
	112
	114
	117
	118
	120

	Beet root
	83
	100
	115
	120
	120
	125


In proposing the irrigated crops, as it has been described earlier, both new crops and tested in the command area by the beneficiaries are selected. While making the yield projection planning, thus, different approach is implemented. As data obtained from the Woreda and assumed beneficiaries reveals, the average productivity level of some crops is different while assessing at the Woreda and command area level. The average productivity at the command area for maize, tomato and cabbage is much higher than that of the Woreda level average productivity, 42, 150 and 121 qt/ha at command area, and 28, 90 and71 qt/ha at Woreda level for maize, tomato and cabbage respectively. Thus, in these crops case, as the beneficiaries have tested experience of production, the yield projection of these crops is made on the basis of the average productivity on the command area level. Furthermore, the average productivity of onion and potato at the command area level (96 and 40 qt/ha) is very lower than that of the Woreda level average production (100 and 85 respectively for the two crops). Thus in these crops case, as this feasibility study and planning is aimed at improving the productivity through different measures, the yield projection is made on the basis of the average production at Woreda level.
On the other hand, this study has suggested that if beneficiaries are encouraged to produce new crops that have not yet been within their experience, the users would be highly beneficial. In this regard, green pepper, garlic, carrot, and beet root are recommended to be included in the irrigated farming. Hence, while building the yield projection of these crops, the Woreda level average production has been considered as a basis.
In general, as the above table shows, where the crop potential is high but the existing productivity is low, the productivity projection is made to increase with higher rate, like for potato, cabbage, and onion. On the other hand, where the existing productivity looks relatively high as compared with its potential, the productivity projection of such crops is made with lower rate, like for carrot, and green pepper.
7.7. Improved on-farm Water and Crop Management 

Water losses can be maintained to the minimum by adequate planning of the irrigation system, proper design of the irrigation method. In addition, the degree of land preparation, irrigation methods selected and the skill and care of the irrigator are also among the principal factors that influence the irrigation efficiency. In this connection, proper operation and maintenance of the irrigation systems play significant role in enhancing irrigation water use efficiency. Therefore, considering the importance of this valuable but limited resource- the water, it is strongly recommended to use this limited resource as efficiently as possible and obtained the required yield. 

Field water use efficiency is of great importance to farmers and the planners, while crop water use efficiency is of great importance for the agronomists and researchers. 

Water use efficiency is influenced by changes on the economic crop yield in one hand that depends on various factors of crop production practices (climatic conditions such as amount, distribution and intensity of rainfall, occurrence of drought, soil characteristics, drainage, irrigation practices, fertilizer use, crop varieties, crop and pest management practices; weather hazards and environmental conditions. The available irrigation water, it is always important to grow crops that are efficient users of water and at the same time give reasonable yields. In this regard, in areas of water scarcity, crops producing more yields per unit of water are preferred to be included in the cropping system rather than crops that give higher total yields. 

Therefore, in order to enhance efficiency of irrigation and water management it is highly important to pay special attention to the following factors: 
· Adequate planning and proper design of the irrigation system, 
· Adequate maintenance of the conveyance and distribution systems, including regular clearing of weeds growing along the main and field channels, 
· Maintain proper land preparation for uniform distribution of on-farm irrigation water, 
· Selecting of appropriate irrigation methods by taking into consideration the predetermining factors for selecting proper irrigation methods such as crop types, soil types, topography of the area, cost of the irrigation method under consideration and skills of the users, 
· Improved on-farm irrigation water management by putting in place and maintaining of field water measuring devices, regular maintenance of field distribution channels from weeds and avoiding of water losses through seepage and evaporation, 
Application of improved crop management practices such as crop and variety selection, land preparation, planting method, time of planting, water application to satisfy the crop needs, irrigation method being used, fertilizer application, weed and crop pest management practices, etc crop water requirement or evapo-transpiration is also influenced by various factors such as plant and soil types, climatic conditions, and soil and crop management practices applied. Therefore, an increase in crop yields or a decrease in ET of crops improves the water use efficiency. Similarly, the consumptive use or evapo-transpiration of crops influenced more or less by the same factors that influence crop yields, including use of mulch to conserve soil moisture. Maximum crop growth and yield are obtained when soil water supply and other crop management practices maintained at optimum. Limited supply of water can be best used to obtain the maximum use efficiency and crop yields by irrigating crops only at the most sensitive physiological stages of crop growth, particularly in areas where water is scarce resource and improving food security is the prime focus areas.
7.8. Support Services

In addition to the adequate and timely supply of agro-chemicals through the service cooperatives and private dealers, implementation of an extension programme on plant protection will also be required to enhance farmers’ knowledge concerning the correct, safe and timely application of herbicides, pesticides and insecticides. To facilitate the safe and correct use of agro-chemicals and to prevent damage to plants due to inappropriate application of herbicides, pesticides and/or insecticides, farmers will require access to knapsack sprayers, which are simple to operate, reliable and relatively cheap. As most farmers cannot afford to purchase a sprayer, these need to be made available for rent from service cooperatives and / or private service suppliers.

The required tools and equipment that should be locally available for the project are described in the following table. The table also shows the quantity of these tools needed to operate in one hectare area.

The required tools and equipment, which should be locally available, include:


· Ox-drawn field rigger/ditcher;

· Ox-drawn leveller;

· Ox-drawn harrows;

· Two/three pronged digger; 

· Improved ox-drawn plough set;

· Machetes;

· Spade /shovel; 

· Sickles;

8. Crop Water Requirement of the Project
8.1. General

Crop water requirements refer to the amount of water required to raise a successful crop with optimum yield in a given period or season. Crop water requirement is defined as “the depth of water needed to meet the water loss through evapo-transpiration of a disease- free crop growing in large fields under no- restricted conditions including soil water and fertility and aimed at achieving full production potential of the crops under consideration. It comprises the water lost as evaporation from the crop field, water transpired and metabolically used by crop plants, water lost during application which is economically unavoidable, but can be reduced to some extent and the water used for special operations such as for land preparation and for leaching to bring the salinity level of the soil to salt tolerance level of the crop. Each crop has its own water requirement and maintains its own tolerance limits within which the moisture variations don’t affect crop yields. Therefore, the moisture availability in the root zone of the crop could be maintained within the crop tolerance limits by adopting proper water management practices. 

The term evapo-transpiration (ET) refers to the amount of water lost through evaporation from the wet soil or water and plant surface in the crop field and the water transpired by crop plants including the portion of water used for building of plant tissues. Its value is largely determined by climatic factors; such as solar radiation, temperature, humidity, wind and the environment. Evapo-transpiration is usually expressed as surface depth of water in millimetres or centimetres.  The necessary meteorology data for estimation of crop water requirement collect from Gudar station.
8.2. Determining Evapotranspiration of the Project

8.2.1. Factors Influencing Evapo-transpiration 

Evapo-transpiration is influenced by various factors such as climate, growing season, crop characteristics, soil characteristics and cultural practices. The principal climatic parameters affecting evapo-transpiration (ETc) are precipitation, solar radiation, temperature, wind and humidity. Precipitation influences the Etc to the extent that it reaches the soil surface and supplies water to the crop plants. Solar radiation supplies the energy for the ET processes. With increasing day length or solar radiation evapo-transpiration also increased. The rate of ET in any locality is significantly influenced by temperature than any other factor. Temperatures of plant body and soil rise because of increased radiant energy received which leads to increased evaporation (E) and transpiration (T). Unusually low or high temperatures may retard plant growth activities and consequently the transpiration process. Rates of E and T are inversely related with atmospheric humidity, which means the consumptive use of crop plants increases with a fall in relative humidity in any given growing season. Similarly, evaporation from the soil surface and transpiration from plants occur at a higher rate on a windy day than under calm air conditions. 

Crop growing period - The total growing period is defined as the period from sowing or transplanting to the last day of harvesting of the crop. It is mainly dependent on crop type, variety, climate and the planting date. The growing period heavily depends on local circumstances so that data on the duration of the total growing period for various crops grown in the area is obtained locally. These data are very valuable for determining the crop water requirements within a specific locality. The length of a crop growing season and the actual date of sowing and maturity are important factors that influence the consumptive use of crop plants. Crops sown in different seasons have different consumptive use owing to variations in crop duration and other factors affecting the consumptive use of a crop. Crops with short growing cycles will need less water while varieties of the same crop with long growing period need more water. 

Crop characteristics - Crops have variable ET for variations in their growth habit, canopy development, leaf area index, plant density, spacing, duration and time of the year when the crop is planted and matured, drought tolerance nature of crops and as well as their rooting depths. However, plant species that are short, dense and uniformly vegetated, actively growing, infinite in extent and transpiring under unlimited soil water, have virtually an identical ET. A long period of growth favours greater consumptive use. As the crop cover increases with canopy development, the evaporation from the adjacent soil surface gradually decreases, while the transpiration and resultant ET increase. 

Crop density influences the ET in the same way as the crop cover influences the ET. The row spacing, seed rate and ultimate plant population decide the density of a crop. The plant population and other crop management practices that affect the net radiation at the soil surface, change the ET unless the soil surface and plants get constant water supply. The crop water needs differ depending on the growth stages of the crop. This in a simpler way can be explained by the fact that a fully-grown crop, for instance maize crop, will need more water than a maize crop, which has just planted. As a general rule, when the crop growth stages increase the water needs of a crop gradually increase and reached at the maximum during the flowering and grain filling stages for most crops, whereas towards the maturity period of the crop the water demand is gradually decreasing and ET is low. During early periods of plant growth, while much of the soil surface is exposed to sun and wind, the moisture loss by evaporation predominates. At later stages of crop maturity, much of the soil surface is shaded and protected from wind. Then transpiration water requirements predominate. Crops with longer duration and with large leaf area need more water than crops with short duration and with smaller leaf area, which need less water. Deep- rooted crops will have the capacity to extract water from deep soil layers and can withstand better of the soil moisture deficit as compared with shallow rooted crops. 

Soil characteristics - Soil factors such as hydraulic conductivity and water-holding capacity affect ET of a crop to the extent that water supply is maintained to plants and the surface soil. Coarse textured and well- aggregated soils retain less water and have low hydraulic conductivity at relatively higher tensions and as a result, they support less ET compared to fine clays, unless frequent irrigations are provided. Crop residues on the soil surface and light colour and rough surface of the soil decrease the ET by reflecting greater amount of radiant energy. The soil moisture content also influences ET as in the case of moist soil ET increases while in dry soil condition ET decreases. 

Cultural practices - Irrigation practice is the most important contributing factor to the amount of ET. A wet soil contributes more to the ET than dry soil, since water loss by evaporation increases in the case of wet soil. Frequency, method and depth of irrigation influence the ET to the degree of wetness of the soil surface and water availability attained. Frequent irrigation encourages water loss by evaporation because wet soil increases the rate of evaporation as the surface soil remains wet for relatively longer periods and the soil water is maintained at relatively low suction. Irrigation methods such as surface methods and sprinkler to some extent resulting in wetting larger areas are leading to higher ET as compared with drip systems, which are considered as the most efficient method for economic use of the available irrigation water, so far developed. 

Tillage practices play their parts in controlling the ET largely through their effects on water storage in the root zone. Very shallow stirring or cultivation of the surface soil to a few centimetres depth is essential for most short season crops, in order to minimize the effect of evaporation by cutting down the supply of water from deep soil layers to the soil surface by breaking the capillary tubes through which water loss to the atmosphere may occur. However, deep stirring of the surface soil more than 8 to 10 cm may increase the water loss, if the crop cover is sparse. Weed control is also necessary to reduce the water loss through transpiration by weeds. Fertilizer applications increase the ET and the consumptive use by producing greater biomass and developing a deeper and extensive rooting system. This is mainly, due to increased transpiration by the greater biomass produced and exploration of greater amount of soil water by the root system. However, the consumptive use is not significantly influenced by fertilizer application. Mulching reduces the ET by reducing the evaporation from the bare soil, particularly in areas with limited water supply and at early crop stages when the crop cover is relatively less, reflecting the solar radiation and reducing the weed population that can affect the overall crop water requirement. 
8.2.2. Estimating Reference Crop Evapo-transpiration (ETo)

The influence of climate on crop water need is given by the Reference crop Evapo-transpiration (ETO). The ETO is usually expressed in millimetre per unit of time (mm/day, mm/month, or mm/season) and is defined as the rate of evaporation from a large area, covered by green grass, 8 to 15 cm tall, which grows actively, completely shades the ground and which is not short of water. For this assignment, FAO Crop Water (Version 8) is used to estimate ETo. The model predicts ETo based on Penman Montieth method. 
Before calculating ETo, a review is made of specific studies to determine crop water requirements in the area and available climatic data. The relevant meteorological data were obtained from the Ethiopian Meteorological Authority. Data related to crop type and development stages, and cultural practices, were collected from field and secondary sources. 
The procedures followed for estimating crop water requirements are the following: 

· Reference crop evapo-transpiration (ETO): collect and evaluate available climatic and crop data; based on meteorological data available and accuracy required, select prediction method to calculate ETo. Compute ETo for each 30-or 10-day using mean climatic data; 

· Crop coefficient (kc): Select cropping pattern and determine time of planting, rate of crop development, length of crop development stages and growing period. Then select kc for a given crop and stages of crop development under prevailing climatic conditions; 

· Crop evapo-transpiration (ETC): calculate Etc for each 30- or 10- day period: 

· Factors affecting ETC under prevailing local conditions: Determine effect of climate and its variability over time and area. Evaluate the effect of soil water availability together with cultural practices.  Consider relationship between Etc and level of production.

· Calculation of ETO using the FAO Penman method - The modified Penman method is recommended to be adapted for areas where measured data on temperature, humidity, wind and sunshine duration or radiation are available. 

8.2.3. Selection of Crop Coefficient 

The crop coefficient value (kc) relates to evapo-transpiration of a disease- free crop grown in large fields under optimum soil water and fertility conditions and achieving full production potential under the given growing environment. The crop coefficient (Kc) is crop specific and used to modify potential evapo-transpiration of a particular crop in relation to ET0. The value of Kc largely depends on the level of ground cover and the frequency with which the soil is wetted by rain and/or irrigation. For most crops, Kc increases from a low value (0.5–0.9) during the initial stages of growth, to a maximum value (0.9–1.2) during the period when the crop reaches full development, and declines again (0.3–0.9) as the crop matures. The factors that affect the crop coefficient values are sowing dates, stages of crop development and length of each growth stage, length of total growing season, crop characteristics and climatic conditions. 

The crop growing period is divided into four stages: initial stage, crop development stage, mid- season stage and late season stage. The steps that followed to determine kc values or crop factor for different crops are:

· Establish planting date from local information: This may vary significantly from dry land to irrigated conditions, well fertilized to non-fertilized crops, and even for plantings at different times;

· Establish the length of the crop development stages: collect information on the length of each crop development stage from local information sources; local research centres and extension service, interviews with farmers and agricultural technicians or crop data from similar climatic zones can be used to establish the crop development stages. 
· Determine the KC values for the corresponding growth stages: Kc values used in this assignment were summarised in below table.
Table 8‑1: Crop Coefficients used for the selected crops
	Crop type 
	Kc- factors during the growing stages

	
	Initial
	Crop development
	Mid-season
	Late season

	Maize
	0.40
	0.77
	1.10
	0.56

	Tomato 
	0.60
	0.65
	1.15
	0.80

	Cabbage 
	0.60
	0.82
	0.70
	0.90

	Onion 
	0.70
	0.87
	1.05
	0.95

	Potato  
	0.40
	0.67
	1.05
	0.90

	Pepper
	0.40
	0.55
	0.95
	0.85

	Garlic 
	0.50
	0.75
	0.70
	0.40

	Carrot 
	0.40
	0.70
	1.00
	0.90

	Beet root 
	0.40
	0.20
	1.00
	0.90


8.3. Effective Rainfall Analysis
8.3.1. About Effective Rainfall
Effective rainfall is defined as portion of rainfall that is not lost from the farm, either as surface runoff or as deep percolation to subsurface drainage and contributes to the evapo-transpiration requirements of a crop to obtain optimum crop production. Mathematically the effective rainfall is expressed as the difference between the total rainfall and that portions of rainfall, which are lost through surface runoff, evaporation and deep percolation     (Pe = P – R – ET – DP) and only the water retained in the root zone can be used by the crop plants. The effective rainfall comprises: the portions of precipitation, which are intercepted by vegetation, portion of rain used to replenish the soil water deficit and the portion of rainfall used for cultural operations and leaching salts and part of the rainfall that percolates beyond the root zone or is lost through surface run-off is termed as ineffective rainfall unavailable for plant growth. 
The texture and structure of the soil have significant influence on the proportion of the rainfall, which is considered as effective for plant growth. In the high rainfall areas with heavy textured soils the loss through surface run- off will have a significant influence, whereas in light textured soils losses will be greater through deep percolation. In addition, among the factors that have influences on the amount of rainfall received in general, are climate and depth of the root zone. Methods for determining of the effective precipitation involve measurement of precipitation losses through surface run off and deep percolation beyond the root zone and soil- water used by crops. The method used to estimate effective rainfall in the FAO CropWat model is FAO/GLW formula.
Results obtained through analysis of data by the consultant are annexed in this report.
8.3.2. Dependable Rainfall Estimation
Based on an analysis carried out for differ​ent arid and sub-humid climates, an empirical formula was devel​oped in the Water Service of FAO to estimate dependable rainfall, the combined effect of depen​dable rainfall (80% probability of exceeding) and estimated los​ses due to Runoff (RO) and Deep Percolation (DP). This formula may be used for design purposes where 80% pro​bability of exceeding is required. 
Therefore, the effective rain fall Calculated for the project according to the following formula:  Peff = 0.6 * P - 10 for P month <= 70 mm; Peff = 0.8 * P - 24 for P month > 70 mm.
Where (p) = mean rainfall in mm/month 

           (peff) = effective rain fall in mm/month 
8.3.3. Factors Influencing Effective Rainfall

Many factors influence the amount of effective rainfall of which climate and soil textures are not influenced by the farmers, whereas soil structure can be influenced. Factors that influence effective rainfall are:

· Climate /rainfall characteristics: climate determines the amount, intensity and distribution of rainfall which have direct influence on the effective rainfall. Greater quantities as well as intensities of rainfall normally reduce the effective fraction, increasing runoff and reducing infiltration. Similarly, even distribution enhances the extent of effective rainfall, while uneven distribution decreases it. Well-distributed rainfall with light showers is more conducive to crop growth than heavy rainfall.
· Land: Topography, slope, type of use influence effective rainfall. The slope of the land has a profound influence on the time available for the rainwater to infiltrate into the soil. On flat and level land there is more opportunity time for infiltration than in sloping and undulating lands where there is rapid runoff and as a result effective rainfall is reduced.
· Characteristics of the soil: The fraction of effective rainfall increased with increased water-holding capacity of the soil. The amount of water held and retained by a soil depends upon its depth, texture, structure and organic matter content. The moisture content of the soil at the time of occurrence of the rain affects the effective rainfall considerably. The higher the moisture content, the lower infiltration rate and higher surface runoff, which reduces the Pe. In coarse textured soils, infiltration increases and large part of the rainfall percolates below the root zone, as a result the effective rainfall is reduced, while in fine textured soil the infiltration is slow and much of the water is stored in the root zone.
· Groundwater characteristics: The amount of effective rainfall is greater when the water table is deep than when it is shallow. Water moves upwards in the soil by capillary, thus reducing the deficit of moisture and hence, of effective rainfall. 
· Management practices: Management practices that influence runoff, infiltration, hydraulic conductivity or evapo-transpiration also influence the degree of effective rainfall. Bunding, terracing, contour tillage, ridging and mulching reduce runoff and increase effective rainfall.
· Crop characteristics: crops with high consumption use rate of water create greater deficits of moisture in the soil. The Pe is directly proportional to the rate of water uptake by the plant. Crop characteristics influencing the rate of water uptake are the degree of ground cover, rooting depth and stage of crop growth. Deep- rooted crops have the ability to extract water from deep layers of soil, therefore, increase the proportion of Pe in a given area. 

8.4. Irrigation Water Requirement

Irrigation requirement of a crop refers to the amount of water needed to be applied as irrigation to supplement the water received through rainfall and soil profile contribution in meeting the water needed of the crop for optimum growth and yield. It may be classified into net and gross irrigation requirements. 
8.4.1. Gross Irrigation Requirement

Not all water available at the head of a canal is available to fulfil the net irrigation requirements. Part of the water is lost during transport through the canals and in the field. The remaining part is stored in the root zone and eventually used by the plants. In other words, only part of the water is used efficiently, the rest of the water is lost for the crops on the fields that were to be irrigated. Gross irrigation requirement denotes the amount of the water pumped or diverted through the scheme inlet including all the losses during transportation and application. It includes the losses that may occur in conveyance systems and in the farm application systems (including losses to deep percolation, evaporation, and surface runoff, as well as leaching requirements). This can be determined at the outlet head or canal head regulator for calculating, the design discharge capacity of the main off- taking canal. The losses generally, depend on lined or unlined networks, the surface area and the ground percolation. The gross irrigation water requirement (Irg) can be determined if the conveyance efficiency and the field application efficiency are known. 

8.4.2. Net Irrigation Water Requirement

The net irrigation requirement or net water depth application is the depth of irrigation water needed to replenish the soil water deficit at the effective root zone to field capacity. The net irrigation requirement for a crop maintained without water stress for any time period can be determined through the following relationship. Net irrigation water requirement (NIwR) is the depth of water, exclusive of effective precipitation, stored soil moisture or ground water that is required for meeting crop evapo-transpiration for optimum crop production and other related uses. Such uses may include water required for leaching, frost protection and cooling. 
For Bite Cholle SSIP, the analysis is made with due consideration of the above scientific facts. The results are annexed in this report. This result is also used in the water balance analysis, and engineering design reports. However, it should be noted that in order to maintain this crucial consideration true, at least a minimum number of beneficiaries have to maintain the existing agro ecological situations, which include: catchment, soil fertility, and agricultural practices.  
8.5. Total Crop Water Requirement
Total scheme water requirement is the amount of water pumped or diverted through the scheme inlet that is required for the crops from beginning of land preparation to harvest of the crops for its optimum growth and increased yield. It includes the losses that occur in conveyance systems and in the farm application systems (including losses to deep percolation, evaporation, and surface runoff, as well as leaching requirements).
The Crop water requirement of the project is analyzed and results are annexed at the end of this report.
8.6. Irrigation Schedule and Interval
8.6.1. Irrigation Schedule
Field irrigation scheduling is the application of irrigation water at the time of actual need of the crop depending on the availability of water over the growing period of the crop with just sufficient water to wet the effective root zone soil.

The irrigation interval of a given crop depends, among other factors, on the crop selected, the growth stage of the crop, and the soil type. The water holding capacity and the level of the readily available water are the characteristics of the soil that contribute to the determination of irrigation interval. The soil type of the command area is dominated by clay loam soils. 

Field Irrigation Schedules: Field irrigation schedules are based on field water balance and are and are expressed in depth (d in mm) and interval of irrigation (i in days).
Depth of Irrigation Application (d): Depth of irrigation application is the depth of water that can be stored within the root zone between the so-called field capacity (sfc) and the allowable level the soil water can be depleted for the given crop, soil and climate. Some crops, such as, vegetables, potatoes, onions and straw berries, require relatively wet soils to produce acceptable yields; others such as cotton, wheat and safflowers will tolerate higher soil water depletion level.
However, the tolerated depletion varies greatly with crop development stages; for most crops a reduced level of depletion should be allowed during changes from vegetative to reproductive growth or during heading and flowering to fruit setting. 

Depth of irrigation application (d) is equal to the readily available soil water (p.sa) over the root zone (D). An application efficiency factor (Ea) is always added to account for the uneven application over the field or 
d= (p.sa) .D = mm

                                                                                   Ea

Where –d=depth of application in mm

P=fraction of available soil water

Sa=available soil water in mm/m soil depth

D=Rooting depth of crops in m.

Ea=application efficiency

Table 8‑2: Irrigation interval during peak water requirement and depth of application
	Description
	Unit
	Tomato
	Pepper
	Cabbage
	Onion
	Garlic
	Carrot
	Sw/Potato

	Available soil water in soil depth(Sa)
	mm/m
	100
	100
	100
	100
	100
	100
	100

	Fraction of available soil water(p)
	---
	0.40
	0.25
	0.45
	0.25
	0.25
	0.35
	0.65

	Readily available soil water (p.sa)
	mm/m
	40
	25
	45
	25
	25
	35
	65

	Correction for ETcrop
	----
	1.25
	1.3
	1.35
	1.35
	1.35
	1.3
	1.25

	Maximum Rooting depth(D)
	m
	1.5
	1
	0.5
	0.5
	0.5
	1
	1.5

	Readily available soil water (p.sa.).D
	mm
	60
	25
	22.5
	12.5
	12.5
	35
	97.5

	Application Efficiency
	
	0.475
	0.475
	0.475
	0.475
	0.475
	0.475
	0.475

	Depth of irrigation
	mm
	126
	52
	47
	26
	26
	73
	205


Even though application depth for Sw/potato indicates 205mm in the above table, it is recommended to irrigate to 150mm only. 

8.6.2. Irrigation Application Interval

Correct time of irrigation application is over-riding importance. Delayed irrigations, particularly when the crop is sensitive to water stress, could affect yields, which cannot be compensated for by subsequent over watering. Timing of irrigation should confirm to soil water depletion requirement of the crops which are shown to vary considerably with evaporative demand, rooting depth and soil type as well as with stage of crop growth, therefore rather than furrow irrigation interval on calendar or fixed schedules, considerably flexibility in time and depth of irrigation should be maintained to accommodate distinct difference needs during in crop’s growth cycle water. The irrigation interval can be obtained from:

i= (p.sa).D
   ET crop

As it can be seen from the above table, for proposed crops irrigation interval should be 21 days for sweet potato. According to the calculation, irrigation interval of every 12, 6, 5, 3, 3, and 8 days for tomato, pepper, cabbage, onion, garlic, and carrot is recommended respectively. (See below table)

Table 8‑3: Irrigation interval during peak water requirement
	Description 
	Unit
	Tomato
	Pepper
	Cabbage
	Onion
	Garlic
	Carrot
	Sw/Potato

	Readily available soil water (p.sa.).D
	mm/m
	60
	25
	22.5
	12.5
	12.5
	35
	97.5

	Maximum ETcrop
	mm/days
	4.93
	4.4
	4.18
	4.44
	4.18
	4.65
	4.55

	Irrigation Application Interval (i)
	day
	12
	6
	5
	3
	3
	8
	21


8.7. Irrigation Method

 All proposed crops are drawn in line with their own spacing which helps the farmers to do the agricultural activities within the plants and rows. This spacing ease not only agricultural activities, but it helps to irrigate uniformly throughout the field and relatively for wise use of water, it favors good aeration for plants growth and timely maturation, easy for pest inspection and also efficient harvest of products without damaging the crop itself.  For all mention advantages it is proposed to use the furrow irrigation system in Bite Chole SSIP field. 

9. Proposed Crop Management of selected crops
9.1. Garlic (Alliium Sativum L) 

Garlic is often grows in cool climate ≥ 2000 masl. It is extremely hardy and survives long periods at temperatures below 0oC. It withstands moderate frost. 

Irrigation water during growing period = 600 - 700 mm

Optimum temperature = 12 – 24oC

Soil: Garlic thrives best on fertile, well-drained soils. Very heavy soil types hinder bulb expansion, especially if allowed to dry-out resulting in rough and irregular shaped bulbs. However, garlic grown on Vertisol at DZARC under well managed irrigation gave higher yield than the crop on light soil. 
Soils with high organic matter content are preferred due to their increased moisture & nutrient holding capacity, and less prone to crusting & compaction. Soils with very high undecomposed OM result in multiple shoots.
Suitable soil pH ranges from 6.0 - 7.5. pH below 6.0 resulted in poor plant vigour, reduced plant stands and overall yield reduction. 

Varieties: Bishoftu Netch:– small vegetative, early, medium sized white bulbs 
Tsedey:– Medium vigor, white tinged with purple

Kuriftu:- The most vigorous, big sized, white tinged with purple,

Yield of released varieties can be as high as 75-100 qt/ha.
Dormancy: Garlic is solely propagated vegetatively, no seeds. Bulbs intended for planting should be stored for about 3 months after harvest to break dormancy.
Dormant cloves sprout & mature erratically, a difference of about two months. Late sprouted cloves are usually very weak & low in yield.
 Planting Material: Garlic 'seed' stock should be stored as whole bulbs. Planting larger cloves of garlic will produce larger bulbs than planting small cloves.
Plant size-graded cloves (1.5 - 5 g) are recommended for planting. Discard small (<0.7g), damaged or diseased cloves. Cloves with different weights produce plants of different growth rate & maturity, causing difficulty at harvest time.
Planting: Cloves planted upright emerge earlier than those planted sideways while those planted upside-down had the latest & the lowest growth. On the other hand, Cloves that fall on their side do not make well-shaped bulbs
Plant population: Two row ridges, 40 cm between ridges, 20 cm between rows and 10 cm between plants. As plant density increases, the size of bulbs decreases.
Cultivation: Alike other Alliums garlic too is very sensitive to weed infestation. Hand weeding should be practiced in the early stage followed by 2-3 cultivations. In the later stage, shallow cultivation is recommended. 
Fertilization: About 200 kg DAP/ha, and 150 kg urea/ha is the blanket recommendation. Uptake of nitrogen, phosphorus & potassium increases at early stage of plant development. Increased early relative leaf-growth resulted in higher bulb yields. 
Excess N (eg. backyard) increased the percentage of plants showing 2° growth ("rough" surfaced bulbs), which is an undesirable bulb quality. Application of nitrogen should be completed 4 - 6 weeks prior to harvest. The preferred sources of nitrogen are ammonium or calcium nitrate.

Irrigation: Irrigation should cease three weeks before harvest, when the shoots start to bend over. Late irrigation can result in rotting of the base plate, peeling off & discoloration of the outer skin & finally splitting of the bulbs into separate cloves. 
Harvesting: Bulb size (dry matter) increases until the leaves of garlic plants turn to tan brown from the tips toward the base of the leaves. Bulbs are harvested when leaves turn yellow, necks soften and/or tops bend over. Harvesting is done by hand pulling the bulbs after loosening the soil with spading fork or hoe. Delayed harvesting leads to:
Infection by black mold and/or sclerocium rot result in stained bulbs, decayed wrapper leaves & exposed cloves, destroyed roots, bulb splitting considerably reduced quality. Begin to develop new root growth from each of the cloves. Early harvesting results in bulbs which are immature & tend to shrivel when cured. 

Curing & trimming: Curing is a process of “drying” bulbs after harvest. Locally harvested plants are laid in rows such that the bulbs of the preceding rows are covered with the ones behind them. After curing, topping and root trimming is done. 
For storage in sacks the neck has to be about 2.5 cm long. Hanged from ceiling in strings (50 bulbs) the cutting should be longer to suite tying. Brushing to remove the loose outer sheath is the final step before marketing.  

Grading: Internationally garlic can be graded as colossal (7.5 cm and larger), super jumbo (6.25 - 7.5 cm), extra jumbo (5.625 - 6.25cm), and extra flower less than 5 cm.
Storage: Once cured, bulbs are ready for long-term storage. Traditionally, the clean bulbs are stored in 25, 50, 120 kg bags in dry stores.  Hanging garlic bunches under the ceilings of houses.
In modern garlic storage, cured bulbs are stored at 0oC with 60-70% RH. As storage temperatures increase above 0°C, the rate of bulb weight loss increases. Storage life under appropriate conditions is 5-8 months depending upon cultivars of garlic. 

Higher RH provides excellent conditions for development of penicillin mould & root growth. Adequate air circulation and proper storage containers are important to remove transpired heat and moisture. 
9.2. CARROTS (Daucus carota L.)

Carrots are widely grown in the mid and highlands of Ethiopia. They have high content of carotene (a precursor of vitamin A) which prevents night blindness. They also contain appreciable quantities of vitamin B (thiamine and riboflavin). 
Varieties: Nantes and Chantenay are the most widely grown carrot varieties in Ethiopia.

Climatic requirement: Carrots are moderately hardy and also tolerate high temperature but seedlings are more sensitive to both extremes of temperature. Mild freezing weather at maturity stage harms carrot leaves but not the roots. They grow best above 1,000 masl - between 16 and 21oC and 700 and 800 mm rainfall.
In Ethiopia carrots are grown up to 2,800 masl in the central highlands. Carrots grown at lower temperature produce seed stalks before roots attain of market size; such roots have bitter taste and undesirable flavour. 

Soil requirement: Carrots thrive best on deep, loose and well drained loam soils. Long, smooth and slender carrot roots desired for fresh market can be successfully grown in such soils. Heavy clay soils do not allow smooth root growth and make cultivation, harvesting and washing roots difficult. Carrots grown on soils with high organic matter tend to become rough, course and hairy. 
Suitable PH range is from 6.0 to 7.5. Soils which crust at the surface inhibit seed germination and reduce crop stand.

Seed bed preparation: Carrots need finely prepared soil for good seed germination and proper root development. Therefore, fields to be grown with carrots should be ploughed to a depth of 30 cm, finely prepared and levelled. 
A raised seedbed 1 m wide, 10 m long and 20 cm high is prepared especially in areas with poor drainage and during long rainy season. About 40 cm wide furrows are used between the beds for irrigation.

Seed sowing: Carrots are established by direct seeding in seedbeds. Carrot seeds are slow to germinate and seedlings are weak. The seeding rate is about 5 kg per ha. Rows 25 cm apart are traced across the width of the seedbed and seeds are thinly drilled within the row at the depth of 1 cm.  Orfour rows of carrots are sown at the same spacing along the raised seedbed. 
Seeds are often mixed with sand (2 sand: 1 seed) to ease handling and uniform spacing of seeds. Cover the seedbed with grass after sowing and water them adequately. Carefully remove the grass when seeds germinate.

Sowing time can be either at the 1st week of March for Belg season production or 1st week of July for main season production. However, it can be done at any time of the year under irrigation.

Thinning: Carrots are often densely sown. Thinning results in uniform and good sized roots and avoids lodging of plants. The plants should be thinned to 3-5 cm spacing within the row. Thinning is done several times beginning from 3rd week after sowing, as plants attain 10-15 cm height or during 1st cultivation. Hand thinning is expensive - seed should be sown as thinly and uniformly as possible to reduce the need for thinning. 
Cultivation: Carrots grow very slowly for the first few weeks and can't compete with weeds. Repeated hand weeding and shallow cultivation is necessary to keep down weeds in the early stages of growth. Deep cultivation may injure the roots which are often found within 5 cm of the surface. Cover the top of the roots with soil to avoid greening especially with Nantes types.  
Fertilization: Carrots are heavy feeders of soil nutrients, especially of K. A yield of 100 q of carrot removes about 37 kg of K, 12 kg of N, 8 kg of P from the soil used. The blanket recommendation for carrots is 175 kg DAP/ha. Applying fresh manure leads to branching of roots - apply only well decomposed manure.
Irrigation: Carrots grown during dry season must be irrigated to accelerate seed germination and root growth. Irrigate every morning and afternoon after sawing seeds using watering can. Furrow irrigation after sowing/at early stage washes away/displaces seeds and uproots seedlings. Water-logging should be avoided. 
Inadequate irrigation increases roughness, decreases root size, and slows growth, and leads to poor colour development. Irrigation has to be stopped when the crop matures.

Harvesting: Carrots for fresh market are harvested when the roots reach 3.5 to 5.5 cm in diameter at the upper end or 90 to 120 days after sowing depending on variety and agro-ecology. Avoid harvesting immature and over-mature roots. Immature roots have light colour and low carotene content and may wilt after harvest. Over-mature roots become tough with hard central core. Carrots can be lifted by hand if the soil is wet. In dry soils, dig with forked hoe and pull with hand, do not injure the roots. 
Nantes can produce up to 150 qt/ha under good management. 

Sorting and grading: Reject split and branched roots. Normal roots are packed either as bunched or as topped carrots. 
9.3. HEAD CABBAGE (Brassica Olerasia var. capitata)
Cabbage is one of the important vegetable crops in Ethiopia. It is produced across the different agro-ecologies of the country both under irrigated and rainy seasons mainly in the mid and highlands of Ethiopia. It is mainly used as a food and feed crop.

Soil and Climatic Requirement: Cabbage is suited to cold and wet agro-ecologies. The cool highlands of Ethiopia which often get rain during June-September are suitable for cabbage. Warm weather reduces growth and leads to either failer to develop head at all or stunted/small heads that are often unmarketable. Thus production under such agro-ecologies leads to low yield and income. Although cabbage grows in almost all soils, it thrives best under well drained light soils. Heavy soil doesn’t allow vigorous growth of the roots. The pH of the soil should be 6.0-6.8. 
Improved varieties: Cabbage varieties differ in colour, head shape, firmness. Copenhagen market has rounded shape, deep green leaf colour, matures in about 110 days 
Cultural practices: Head cabbage is often raised in seedbed and then transplanted into field. About 0.5 to 0.6 kg of good quality seed is required to plant 1ha of field. 
Land preparation: Fields especially with grass weeds should be ploughed during dry periods. Weeds should be harrowed and exposed to the sun and killed. Then it has to be disked and levelled to facilitate smooth irrigation.
Transplanting: The seedlings become ready for transplant after about a month from seed sowing. The field to be transplanted should be irrigated one day before transplanting. Open a hole with hoe or peg and plant the seedlings. The seedlings should be carefully lifted late in the afternoon or during cloudy days and kept under shade.
Spacing: - Depend on variety and head size intended to be produced, head cabbage is often spaced 40-50 cm between plants 50-60 cm between rows. 


Fertilization: The rate of fertilizers is 200 kg DAP and 100 kg Urea. All of the DAP is incorporated with soil at the time of transplanting. Urea is split into two; the 1st50 kg is side dressed two weeks after transplanting while the remaining half six weeks after transplanting.
Irrigation: This will be carrying out according the finding on Crop Water requirement of this document. Irrigation should cease at maturity, especially if coupled with excess nitrogen, leads to splitting of the head. 
Cultivation: Cultivation may start two weeks after transplanting and continues every two weeks depending on weed infestation. Deep cultivation may lead to uprooting of seedlings and should be avoided. Once heads are formed, hand weeding is sufficient to reduce the weeds that may interfere with harvesting.
Harvesting and postharvest handling: Cabbage heads become ready for harvesting when the heads get firm. Holding the head with both hands and pressing it with thumbs can indicate the level of firmness. Puffy head is an indication of a head that is not fully packed with leaves. Mature heads should be harvested immediately; otherwise the leaves split progressively from the outer into the core. Cut the stem from underneath the leaves and remove the lower old leaves, leaving one circle of leaves to protect the head from dirt and damage. Collect the heads in plastic crates to avoid damage during transportation. Depending on variety and management, about 300-400 qt/ha yield can be obtained. A single head of cabbage can weigh from 0.5-3.0kg.
Cabbage heads can only keep well for several days under optimal storage and it has to be consumed when it is still fresh. It has to be stored in cold and dry stores, if it is not consumed immediately. 

9.4. Potato (Solanum tuberosum)

The potato is a starchy, tuberous crop from the perennial Solanum tuberosum of the Solanaceae family (also known as the nightshades). 

Soils:-Well drained sandy loam, low yield on black clay soil (if it is not well managed)

Potato varieties: Jalene, Guddene

Planting: Distance between rows 0.75m – 1m. Distance between plants 0.30m – 0.40m. Planting depth 0.07m -0.10m
Seed rate: -
18 - 20 quintal / ha 

Planting - Plant potato tuber after sprouting 2-3 suckers within 2-3 months. This is stored in diffused light store, well aerated and light should be entered for seed Purpose, and well aerated, dark for consummation is recommended. Use medium sized seed, which are not diseased and infected ones.   

Earthed up (ridged) - is a must in potato when 1st reaches 10-15cm high so the lower part covered with loose soil in which the tubers can develop 2nd earthed up avoid greening of tubers, suppress weed and control tuber moth.

Fertilizer application: - Potatoes have a high nutrient requirement. Therefore the following amount recommended to be applied.
DAP - 200 kg/ha during planting time, and Urea - 150 kg/ha-half of it at the time of 1st harrowing the rest at the time of 2nd harrowing or at the time of first flowering.

IRRIGATION: Potato plant growth is peaks at or soon after full flower. The highest demand for water occurs in the growth stages leading up to full flower. Plant water requirements increase from about 40% of its water requirement during the initial plant growth stages to 110% of the requirement at peak foliar growth and tuber development. Tubers bulk rapidly after full flower when the foliage begins to senesce. Plant water use decreases to about 70% water need. The depth of the perched water table in the seepage irrigated potatoes should be carefully maintained. The perched water table should be dropped before expected periods of heavy rainfall. Over irrigation late in the season can cause lenticels to expand detracting from fresh market tuber quality. In addition, over irrigation late in the season can lower specific gravity in chipping potatoes.
Harvesting Killing the potato vines induces tubers to mature rapidly and causes the periderm to set. Tubers should remain in the field at least 14 to 21 days after vine killed. The longer the period between vine kill and harvest, the less chance tubers will skin at harvest. The time it takes for tubers to mature after vine kill is variety dependent. A small plot of tubers should be dug periodically by hand and rubbed to test for skin slippage.
Hilling soil around the plant to keep tubers covered is important. From the above mentioned potato varieties it is possible to harvest up to 400 Qt/ha.

9.5. Pepper 
Peppers are warm-season crops that require higher temperature than Tomato. Peppers are very sensitive to light frost. Grow poorly in cool temperatures (4 to 16oC). Pepper fruit set is also sensitive to extreme temperatures and will not set fruit above 48oC during the day or below 16oC at night. The optimum germination and growing temperatures are 21- 24oc and 21- 29oc respectively.
Altitude –1000- 1800 m.a.s.l

Soil: Well drained fertile soils with pH range of 5.5-7.5. The crop is very sensitive for water logging. It grows best in sandy loam and clay loam soils with good draining and aeration. Usually they are planted on the ridges.
Cultural practice

Seed amount: 500-700gm for one ha is needed. 
Transplanting: Transplanting in the field when the seedlings are 15-Harvesting 20cm high or pencil thickness, 6-8 weeks after sowing. 

Transplanting is usually delayed until the danger of late spring frost has passed. Hot Pepper is planted in the field in double row spacing methods, 80 x 40cm between double rows, rows and plants with in row, respectively. Plant population – 42,000 plants/ha

Fertilizer application: According to the crop nutrient up take and expected yield obtained
        DAP- 140kg/ha at transplanting

        Urea – 30kg/ha at transplanting 

                  -50kg/ha before flowering

                  - 50kg/ha at first fruiting
For fresh/ table use, harvest when pods turn dark green. For pepper powder, when pods turn dark red and wrinkled, so that it can be wrapped around the two fingers without snapping. 
9.6. Onion

Soil: Onion can be grown on a wide range of soils, varying in texture from coarse-grained sands to clay. Lighter soils are easy to manage. Soil should be 45-60 cm deep and well drained. The most suitable pH is 5-6.
Climate: Light and temperature influence the process of bulb formation. Both factors must be at optimum for the initiation of the bulb. Cool conditions do best at early stage of bulb formation. Warm and dry weather is needed for harvesting and curing. Temperature influences flowering of onion and which have negative response on the marketability of the product. Fluctuation of cool and warm weather during the first growing season will, however, initiate flowering and thereby cause plants to bolt.
Cultural practice

Seed amount: 5kg of seeds on 300m2 seedbeds are enough to plant 1 ha. But farmers in Rift Valley area are using more amount than required. This is because; they are using a lees quality (purity) and low viable seeds which are produced by the local farmers and plant more than recommended by the research centres in the country. If they are able to test a minimum its viability it is possible to use less amount and minimize their expense.
Adama Red and Bombay Red Onion varieties are recommended for the project area.
Planting depth: When planting the seedlings, just bury the roots and leave on the side of ridge. Avoid planting too deep. Big success is registering by the local farmers experience while planting onion seedlings within tied furrows and field with water like that of rise. 

Spacing: Mostly onion seedlings are ready to transplant 60 days after sawing. Spacing depends on the market bulb size demand. This also can be gained by adjusting the spacing within the rows and within the plants in the row. Optimum production is gained 30-40 cm between the rows and 5-7 cm between the plants.
Fertilizer: The amount of fertilizer we use Depends on soil fertility. In most rift valley areas 150-200kg of DAP is applied during transplanting or 14 days after transplanting, the same amount of Urea fertilizer is applied (1/2 of it 30 days after transplanting and the rest 50-60 days after transplanting) 
Harvesting: Lift 50-90% of the necks collapsed, and leave to cure in the field until the tops have dried for few days. 
Giving a chance to dry fully in the field enable the bulb to gain weight, possible to store relatively for a longer time and also the price of the product will be higher than that of not dried ones. Average expected yield 220-250Qt/ha. (300-350qt/ha is archived in the rift valley area). 
9.7. Tomato

Tomato (Lycopersicon esculentum Mill.) is one of the most important vegetables worldwide. As it is a relatively short duration crop and gives a high yield, it is economically attractive and the area under cultivation is increasing daily.

Tomato belongs to the Solanaceae family. This family also includes other well-known species, such as potato, tobacco, peppers and eggplant (aubergine). 

Tomatoes contribute to a healthy, well-balanced diet. They are rich in minerals, vitamins, essential amino acids, sugars and dietary fibres. Tomato contains much vitamin B and C, iron and phosphorus. Tomato fruits are consumed fresh in salads or cooked in sauces, soup and meat or fish dishes. They can be processed into purées, juices and ketchup. Canned and dried tomatoes are economically important processed products.

Climate: Seed germinates best at temperature between 15-25oc. At 10oc seeds will take a very long time to germinate (20 days). When temperature exceeds 35oc germination becomes very poor. 

Maximum growth both for vegetative and fruiting occurs when minimum day temperature do not fall below 21oc and minimum night temperature do not fall below 15oc. 

High day temperature cause blotchy ripening and soft fruit. Low temperatures increase the incidence of badly-shaped and poor quality fruit. Temperature is an important factor influencing fruit set. Best result are achieved when temperatures are between 18-20oc. 

Hot dry spells, followed by heavy rain, causes the ripening fruit to crack. Moist overcast weather conditions cause fruit splitting, foliar and fruit diseases and delayed ripening.  

Cultural Practice

Seed amount: 500gm of seed with high purity and viability is enough to plant 1 ha of land. 

Tomato varieties Roma VFN is recommended for the project for the next reasons: It is short type, usually supports itself and need no staking. Under severe weather conditions such as strong wind, however, staking may be advisable. Determinate types stop growing after flowering. They require less labour, so they are popular for commercial cultivation. They have a relatively concentrated fruit set which lasts only two or three weeks and the fruits ripen much faster than those from indeterminate types.
Transplanting: Transplant the seedling to the field 3 to 6 weeks after sowing. A week before transplanting, seedlings should be hardened by reducing the application of water, but 12-14 hours before they are taken out of the seedbed they should be thoroughly watered again to avoid excessive damage to the roots. Seedlings of 15-25 cm tall with 3-5 true leaves are most suitable for transplanting. Transplanting should be done in the afternoon or on a cloudy day to reduce the transplanting shock.
Preparation and planting: Water the plants immediately once they have been transplanted. When removing the seedlings, keep a large clump of soil attached to the roots to prevent them from being damaged. Spacing between plants and rows depends on the cultivar growth habit, soil type, cropping system and also whether the plants are to be supported by stakes or left on the ground. The common spacing is 40 cm between plants and 75 - 100 cm between rows. Make the holes for the plants deep enough so that the lowest leaves are at ground level. Press the soil firmly around the root, and water around the base of the plant to settle the soil. Care should be taken not to wet the lowest leaves, as this can stimulate the growth of mould.
Planting time: As it is mentioned above it is possible to plant tomato throughout the year. But it is necessary to give attention for the time when it is possible to get high and quality production per unit area. 
Watering: Tomato is not resistant to drought. Yields decrease considerably after short periods of water deficiency. It is important to water the plants regularly, especially during flowering and fruit formation. Watering plays a major role in attaining uniform maturity and reducing the incidence of blossom end rot, a physiological disorder associated with irregular water supply and the resulting calcium deficiency in the fruit during its enlargement.
Harvesting: The first harvest is possible 45-55 days after flowering, or 90-120 days after sowing. The shape of the fruit differs per cultivar. The colour ranges from yellow to red. The selected Variety has a potential to give yield 350-400qt/ha.
Crop Rotation: Crop rotation is very important for tomato. If not it can be easily attacked by nematodes and soil borne diseases. Good results will be gained if we grow tomato once in 3-4 cropping season where no other Solanaceous crops cultivated.
10. Conclusion and Recommendations
10.1. Conclusion

The feasibility level agronomic study has been carried out by employing holistic approaches and methodologies, from data collection to analysis and interpretation. Findings of the study show that users in the command area have some experience of traditional irrigation. They have, however, been struggling with different challenges and constraints to improve their productivity level.

To this effect, this study has identified major constraints of the agricultural practice in the project area and provided possible alternatives of improving the farming system, and agricultural support services. Besides, potential crops that would have crucial impact to increasing the household economy are considered to be included in the project implementation. Therefore, the proposed project will improve the household economy by producing additional marketable agricultural produces. It will also bring employment opportunity for those that are jobless or who have no land to exercise agriculture, as irrigated agriculture is labour intensive. Furthermore, as the project area is very close to towns, it can also favour sustainable supply of agricultural produces for agroindustry. 
The study has also provided detail information on crop management that would be implemented while the project is commenced. Under this section, the maximum proved potential productivity of all crops is indicated. The indicative data of maximum production potential will help the extension workers in their crop production planning and evaluation of the achieved productivity against the potential. However, in the yield projection, productivity is made to be below this maximum potential. This is because the productivity of all crops on the Agronomic practice part shows the crops potential with all production packages fulfilled. As a result, in this study, the project is designed to attain on average 69% productivity from the maximum possible productivity. By improving the post-harvest loss, it is possible to increase the planed productivity with not less than 10%.

In general, the development of the Bite – Cholle SSIP, will make the beneficiaries in the command area not only to produce sustainably in the dry season, but also guarantees the rainy season farming. The irrigation development will fill the moisture gap in the soil that would occur in the dry season and so will enable to maintain the productivity. Furthermore, it will also enable the beneficiaries to get supply of variety of food items that will secure improved nutrition in their regular feeding habit, which in turn will contribute to having healthy community. Altogether, from agronomy point of reference, the project is feasible. 

10.2. Recommendations 
The sustainability of the project is at the hand of all member irrigation beneficiaries and the community around the project area. Continuous monitoring and supervision of government and public organization will also play crucial role on proper implementation of the project. 
In general, in order to attain the project objectives, the following measures need to be implemented. These are:

· IWUA must be functional according the developed by-laws; 
· Provision of credit for inputs and other demands has to be arranged;
· Government and public organization stakeholders have to ensure strengthened cooperation during the project implementation;
· Continuous supervision and extension services should be strengthened; the linkage with Agricultural Research organization through Agricultural Development Partners Linkage Council (ADPLAC) should be established and strengthened. The Woreda office should participate on the “Agricultural Development Partners Linkage Advisory Council ADPLAC forum in order to present its own problems to be solved by the agricultural research institutes, and able to share other experience to scale up on this SSIP;
· Capacity development programs both for beneficiary and agricultural extension staffs must be emplaced; 
· In order to have good market return, it is expected from those actors who play on irrigation development sector to bring some technologies that enable to add values on the produce and through time to establish agro processing machineries near to their irrigation schemes;
· Parallel with crop production, training and demonstrations on animal feeding with vegetable residues and nonmarketable products should be conducted;
· Market information system will help farmers to develop their cropping calendar which helps to improve the water management practice as well. Thus, market information system has to be established;
Annexes

Annex 1: Monthly Reference Crop Evapo transpiration (ETo)

Country: Ethiopia                      Station: Guder
Altitude: 2011 m.          Latitude: 8.57 °N     Longitude: 39.45 °E
	 Month
	Min Temp
	Max Temp
	Humidity
	Wind
	Sun
	Rad
	ETo

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

	Jan
	6.0
	28.0
	48
	112
	8.7
	20.4
	4.16

	Feb
	7.0
	29.0
	46
	138
	8.2
	20.9
	4.68

	Mar
	10.0
	29.0
	47
	121
	7.0
	20.1
	4.58

	Apr
	10.0
	29.0
	55
	130
	6.3
	19.2
	4.48

	May
	10.0
	29.0
	62
	95
	6.2
	18.6
	4.06

	Jun
	10.0
	28.0
	71
	66
	5.5
	17.2
	3.54

	Jul
	10.0
	27.0
	79
	43
	2.7
	13.2
	2.78

	Aug
	10.0
	26.0
	79
	43
	2.9
	13.7
	2.83

	Sep
	9.0
	26.0
	74
	47
	4.4
	16.0
	3.19

	Oct
	6.0
	27.0
	59
	86
	8.6
	21.7
	4.16

	Nov
	5.0
	27.0
	58
	104
	8.6
	20.5
	3.99

	Dec
	4.0
	28.0
	52
	112
	8.8
	20.1
	4.04

	Ave
	8.1
	27.8
	61
	91
	6.5
	18.5
	3.87


Annex 2: Soil Data
	Soil name: BLACK CLAY SOIL
	

	Total available soil moisture (FC - WP)
	200.0   mm/meter

	 Maximum rain infiltration rate
	30   mm/day

	Maximum rooting depth
	900  centimeters

	Initial soil moisture depletion (as % TA
	50   %

	Initial available soil moisture
	100.0   mm/meter


Annex  - 3: Scheme Irrigation Water Supply 
	ETo station: Guder                      Cropping pattern: Bite Cholle 

	Rain station: Guder Normal              

	
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	Precipitation deficit
	
	
	
	
	
	
	
	
	
	
	
	

	1. Maize 
	0.0
	0.0
	0.0
	1.8
	5.1
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	2. Tomato            
	149.7
	136.4
	40.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	28.4
	74.6
	124.8

	3. Pepper            
	121.3
	114.5
	23.9
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	18.4
	50.4
	98.2

	4. Onion             
	91.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	33.4
	93.9
	129.7

	5. Cabbage           
	88.5
	95.2
	8.4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	28.4
	70.8
	82.2

	6. Garlic            
	88.7
	104.4
	55.2
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	23.4
	70.2
	87.8

	7. Carrot /Beet root  
	126.8
	120.3
	8.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	18.4
	49.9
	92.3

	8. Potato          
	134.2
	118.9
	8.4
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	18.4
	59.4
	124.9

	Net scheme irr. req.
	
	
	
	
	
	
	
	
	
	
	
	

	in mm/day
	2.1
	2.0
	0.5
	0.0
	0.0
	0.0
	0.0
	0.0
	0.3
	1.4
	1.9
	2.1

	in mm/month
	66.3
	57.0
	14.0
	0.3
	1.4
	0.3
	0.0
	0.2
	9.1
	44.8
	56.1
	66.5

	in l/s/h
	0.25
	0.24
	0.05
	0.00
	0.01
	0.00
	0.00
	0.00
	0.04
	0.17
	0.22
	0.25

	Irr.req. for actual area (l/s/h)
	0.46
	0.50
	0.11
	0.01
	0.03
	0.01
	0.00
	0.01
	0.10
	0.19
	0.28
	0.38


Annex 4: Water Requirement of Selected Crops in their Growth Stages

a. Pepper

ETo station: Guder                           Crop: Pepper            

Rain station: Guder Normal              Planting date: 20/10

	 Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.40
	1.71
	1.7
	0.2
	1.7

	Oct
	3
	Init
	0.40
	1.67
	18.4
	1.7
	16.7

	Nov
	1
	Init
	0.40
	1.62
	16.2
	1.7
	14.5

	Nov
	2
	Deve
	0.40
	1.61
	16.1
	0.2
	15.9

	Nov
	3
	Deve
	0.50
	2.02
	20.2
	0.1
	20.0

	Dec
	1
	Deve
	0.64
	2.58
	25.8
	0.0
	25.7

	Dec
	2
	Deve
	0.78
	3.14
	31.4
	0.0
	31.4

	Dec
	3
	Mid
	0.91
	3.73
	41.1
	0.1
	41.0

	Jan
	1
	Mid
	0.95
	3.92
	39.2
	0.6
	38.6

	Jan
	2
	Mid
	0.95
	3.95
	39.5
	0.9
	38.7

	Jan
	3
	Mid
	0.95
	4.12
	45.3
	1.3
	44.0

	Feb
	1
	Mid
	0.95
	4.28
	42.8
	1.0
	41.9

	Feb
	2
	Late
	0.95
	4.42
	44.2
	1.0
	43.2

	Feb
	3
	Late
	0.91
	4.22
	33.7
	4.3
	29.4

	Mar
	1
	Late
	0.87
	4.00
	32.0
	6.5
	23.9

	
	
	
	
	
	447.6
	19.6
	426.6


b. Cabbage

ETo station: Guder                             Crop: Cabbage           

Rain station: Guder Normal              Planting date: 20/10

	 Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.60
	2.56
	2.6
	0.2
	2.6

	Oct
	3
	Init
	0.60
	2.50
	27.5
	1.7
	25.9

	Nov
	1
	Init
	0.60
	2.43
	24.3
	1.7
	22.6

	Nov
	2
	Deve
	0.60
	2.40
	24.0
	0.2
	23.7

	Nov
	3
	Deve
	0.61
	2.46
	24.6
	0.1
	24.5

	Dec
	1
	Deve
	0.64
	2.55
	25.5
	0.0
	25.5

	Dec
	2
	Deve
	0.66
	2.65
	26.5
	0.0
	26.5

	Dec
	3
	Deve
	0.68
	2.76
	30.3
	0.1
	30.3

	Jan
	1
	Mid
	0.70
	2.87
	28.7
	0.6
	28.1

	Jan
	2
	Mid
	0.70
	2.91
	29.1
	0.9
	28.3

	Jan
	3
	Mid
	0.70
	3.03
	33.4
	1.3
	32.1

	Feb
	1
	Mid
	0.70
	3.16
	31.6
	1.0
	30.6

	Feb
	2
	Late
	0.78
	3.65
	36.5
	1.0
	35.5

	Feb
	3
	Late
	0.90
	4.18
	33.5
	4.3
	29.1

	Mar
	1
	Late
	0.90
	4.15
	12.5
	2.4
	8.4

	
	
	
	
	
	390.5
	15.5
	373.6


c. Carrot and/or Beet Root

 ETo station: Guder                           Crop: Carrot_Beet root  

Rain station: Guder Normal              Planting date: 20/10

	Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.40
	1.71
	1.7
	0.2
	1.7

	Oct
	3
	Init
	0.40
	1.67
	18.4
	1.7
	16.7

	Nov
	1
	Init
	0.40
	1.62
	16.2
	1.7
	14.5

	Nov
	2
	Deve
	0.40
	1.61
	16.1
	0.2
	15.9

	Nov
	3
	Deve
	0.49
	1.96
	19.6
	0.1
	19.5

	Dec
	1
	Deve
	0.61
	2.45
	24.5
	0.0
	24.5

	Dec
	2
	Deve
	0.73
	2.95
	29.5
	0.0
	29.5

	Dec
	3
	Deve
	0.86
	3.49
	38.4
	0.1
	38.4

	Jan
	1
	Mid
	0.97
	4.02
	40.2
	0.6
	39.6

	Jan
	2
	Mid
	1.00
	4.16
	41.6
	0.9
	40.8

	Jan
	3
	Mid
	1.00
	4.33
	47.7
	1.3
	46.4

	Feb
	1
	Mid
	1.00
	4.51
	45.1
	1.0
	44.1

	Feb
	2
	Late
	0.99
	4.65
	46.5
	1.0
	45.5

	Feb
	3
	Late
	0.94
	4.38
	35.1
	4.3
	30.7

	Mar
	1
	Late
	0.91
	4.18
	12.6
	2.4
	8.5

	
	
	
	
	
	433.1
	15.5
	416.2


d. Garlic
ETo station: Guder                          Crop: Garlic            

Rain station: Guder Normal              Planting date: 20/10

	Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.50
	2.13
	2.1
	0.2
	2.1

	Oct
	3
	Init
	0.50
	2.09
	22.9
	1.7
	21.3

	Nov
	1
	Deve
	0.52
	2.11
	21.1
	1.7
	19.4

	Nov
	2
	Deve
	0.60
	2.39
	23.9
	0.2
	23.7

	Nov
	3
	Mid
	0.68
	2.72
	27.2
	0.1
	27.0

	Dec
	1
	Mid
	0.70
	2.82
	28.2
	0.0
	28.1

	Dec
	2
	Mid
	0.70
	2.83
	28.3
	0.0
	28.3

	Dec
	3
	Mid
	0.70
	2.86
	31.4
	0.1
	31.4

	Jan
	1
	Mid
	0.70
	2.89
	28.9
	0.6
	28.3

	Jan
	2
	Mid
	0.70
	2.91
	29.1
	0.9
	28.3

	Jan
	3
	Mid
	0.70
	3.03
	33.4
	1.3
	32.1

	Feb
	1
	Late
	0.78
	3.52
	35.2
	1.0
	34.2

	Feb
	2
	Late
	0.90
	4.21
	42.1
	1.0
	41.1

	Feb
	3
	Late
	0.90
	4.18
	33.5
	4.3
	29.1

	Mar
	1
	Late
	0.90
	4.15
	41.5
	8.1
	33.4

	Mar
	2
	Late
	0.90
	4.12
	33.0
	8.9
	21.8

	
	
	
	
	
	461.8
	30.2
	429.6


e. Maize in Dry Season

ETo station: Guder                           Crop: Maize

Rain station: Guder Normal              Planting date: 20/04

	 Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Apr
	2
	Init
	0.40
	1.79
	1.8
	1.8
	1.8

	Apr
	3
	Init
	0.40
	1.74
	17.4
	19.3
	0.0

	May
	1
	Deve
	0.40
	1.69
	16.9
	17.4
	0.0

	May
	2
	Deve
	0.51
	2.08
	20.8
	17.1
	3.7

	May
	3
	Deve
	0.69
	2.69
	29.6
	28.8
	0.8

	Jun
	1
	Deve
	0.87
	3.24
	32.4
	44.4
	0.0

	Jun
	2
	Mid
	1.04
	3.68
	36.8
	56.0
	0.0

	Jun
	3
	Mid
	1.09
	3.58
	35.8
	56.3
	0.0

	Jul
	1
	Mid
	1.09
	3.30
	33.0
	56.3
	0.0

	Jul
	2
	Mid
	1.09
	3.02
	30.2
	58.2
	0.0

	Jul
	3
	Mid
	1.09
	3.04
	33.4
	55.8
	0.0

	Aug
	1
	Late
	1.08
	3.03
	30.3
	54.7
	0.0

	Aug
	2
	Late
	0.93
	2.64
	26.4
	53.6
	0.0

	Aug
	3
	Late
	0.74
	2.19
	24.0
	44.5
	0.0

	Sep
	1
	Late
	0.59
	1.80
	10.8
	20.6
	0.0

	
	
	
	
	
	379.5
	584.8
	6.2


f. Onion
ETo station: Guder                             Crop: Onion             

Rain station: Guder Normal              Planting date: 20/10

	  Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.70
	2.98
	3.0
	0.2
	3.0

	Oct
	3
	Init
	0.70
	2.92
	32.1
	1.7
	30.5

	Nov
	1
	Deve
	0.70
	2.85
	28.5
	1.7
	26.8

	Nov
	2
	Deve
	0.80
	3.17
	31.7
	0.2
	31.5

	Nov
	3
	Deve
	0.92
	3.70
	37.0
	0.1
	36.8

	Dec
	1
	Mid
	1.05
	4.21
	42.1
	0.0
	42.0

	Dec
	2
	Mid
	1.08
	4.37
	43.7
	0.0
	43.7

	Dec
	3
	Mid
	1.08
	4.41
	48.5
	0.1
	48.5

	Jan
	1
	Late
	1.08
	4.44
	44.4
	0.6
	43.8

	Jan
	2
	Late
	1.02
	4.25
	42.5
	0.9
	41.7

	Jan
	3
	Late
	0.98
	4.25
	8.5
	0.2
	8.5

	
	
	
	
	
	362.1
	5.7
	356.8


g. Tomato
 ETo station: Guder                      Crop: Tomato            

Rain station: Guder Normal              Planting date: 20/10

	  Month
	Decade
	Stage
	Kc
	Etc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.60
	2.56
	2.6
	0.2
	2.6

	Oct
	3
	Init
	0.60
	2.50
	27.5
	1.7
	25.9

	Nov
	1
	Init
	0.60
	2.43
	24.3
	1.7
	22.6

	Nov
	2
	Deve
	0.60
	2.41
	24.1
	0.2
	23.9

	Nov
	3
	Deve
	0.71
	2.84
	28.4
	0.1
	28.3

	Dec
	1
	Deve
	0.86
	3.44
	34.4
	0.0
	34.4

	Dec
	2
	Deve
	1.00
	4.05
	40.5
	0.0
	40.5

	Dec
	3
	Mid
	1.15
	4.68
	51.5
	0.1
	51.5

	Jan
	1
	Mid
	1.18
	4.88
	48.8
	0.6
	48.3

	Jan
	2
	Mid
	1.18
	4.93
	49.3
	0.9
	48.4

	Jan
	3
	Mid
	1.18
	5.14
	56.5
	1.3
	55.2

	Feb
	1
	Mid
	1.18
	5.34
	53.4
	1.0
	52.4

	Feb
	2
	Late
	1.13
	5.30
	53.0
	1.0
	52.0

	Feb
	3
	Late
	1.03
	4.77
	38.1
	4.3
	33.8

	Mar
	1
	Late
	0.92
	4.24
	42.4
	8.1
	34.3

	Mar
	2
	Late
	0.84
	3.86
	11.6
	3.4
	6.0

	
	
	
	
	
	586.5
	24.6
	559.9


h. Potato
ETo station: Guder                          Crop: Potato          

Rain station: Guder Normal              Planting date: 20/10

	 Month
	Decade
	Stage
	Kc
	ETc
	ETc
	Eff rain
	Irr. Req.

	
	
	
	coeff
	mm/day
	mm/dec
	mm/dec
	mm/dec

	Oct
	2
	Init
	0.40
	1.71
	1.7
	0.2
	1.7

	Oct
	3
	Init
	0.40
	1.67
	18.4
	1.7
	16.7

	Nov
	1
	Init
	0.40
	1.62
	16.2
	1.7
	14.5

	Nov
	2
	Deve
	0.46
	1.84
	18.4
	0.2
	18.2

	Nov
	3
	Deve
	0.67
	2.69
	26.9
	0.1
	26.7

	Dec
	1
	Deve
	0.89
	3.57
	35.7
	0.0
	35.7

	Dec
	2
	Mid
	1.04
	4.22
	42.2
	0.0
	42.2

	Dec
	3
	Mid
	1.05
	4.28
	47.1
	0.1
	47.1

	Jan
	1
	Mid
	1.05
	4.33
	43.3
	0.6
	42.7

	Jan
	2
	Mid
	1.05
	4.37
	43.7
	0.9
	42.8

	Jan
	3
	Late
	1.05
	4.53
	49.9
	1.3
	48.6

	Feb
	1
	Late
	1.01
	4.55
	45.5
	1.0
	44.5

	Feb
	2
	Late
	0.97
	4.52
	45.2
	1.0
	44.2

	Feb
	3
	Late
	0.93
	4.31
	34.5
	4.3
	30.2

	Mar
	1
	Late
	0.90
	4.17
	12.5
	2.4
	8.4

	
	
	
	
	
	481.1
	15.5
	464.2


Pic 9





Pic 5








	
	36


Feasibility & Detail Design Study 
                                                                                                            Agronomy – Final Report

               Bite – Chole SSIP            



