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EXECUTIVE SUMMARY

Kerfe Small Scale Irrigation Project is a projects, proposed to be considered in Adaa District, East Shewa Zone in the Oromiya National Regional State. Realizing the necessity of irrigation and drainage development on socio-economic progress and shortage of food supply and existing of poverty in the region, the Oromia Irrigation development Authority (OIDA) is working with non-governmental organization, irrigation developmental sectors, to improve the livelihoods of the communities in the project areas and to identify different possible interventions for sustainable development. 

Hence, the Authority (the client), requested AYJEF Water Works and Business Plc (the consultant) to render consultancy service for feasibility and detail study of Kerfe Small-Scale Irrigation Development. 

The very scope, approach and methodology of the study include various broad aspect view of the existing farming system of the area, crops and production practices etc. in the light of the prevailing soils and climatic conditions and the feasibility and prospects of enhancement of productivity and production by introducing irrigated production system.

The soil and climatic situation have already been identified that the area is suitable for the cultivation of cereals, pulses oil seeds and horticultural crops under rain fed condition. The climatic features are favorable for the growth and productivity of many crops. The command area and the surrounding population current problem is the food in security due to low farm productivity. 

However, improved technologies have not reached to the farmers due to poor extension service many of The farmers are rarely using improved varieties, quality seeds, fertilizers, agro-chemicals, farm implements and improved farm tools due to inadequate financial capacity. The credit facilities are poor and farmers with low resources have no access to obtain what he wanted. As a result, the farm productivity is always low.  The actual environmental condition has indicated the potential of the command area. 

Keeping in view the production potential of the command area, soils, climate and government policy towards agriculture to attain food self sufficiency, production of cash and industrial crops for export and import substitute by full and efficient utilization of land and water resources while maintaining the environmental balance properly. Suitable cropping pattern and cropping systems have been selected with inclusion of most appropriate potential crops of high quality. The crop calendar has been prepared for calculation of their actual crop water requirement under irrigation production condition system. The crop water requirement of each crop included has been calculated following the procedure recommended in FAO publication for calculation of reference (ETo) by using Pennman Montith Approach (FAO Irrigation and Drainage Paper No. 46). Suitable crop coefficient were selected for different stages of growth to calculate crop water requirement by considering  the agricultural practices, climatic parameters, cropping pattern , cropping calendar , cropping intensity etc. The crop production packages of important field and horticultural crops have been given considering the irrigated production system with optimum inputs and production practices to achieve reasonable yield per unit of land.

The proposed cropping pattern is determined using the above described criterion. Keeping the long experience of growing and consuming maize, priority has been given to select maize as the most productive cereals like due to their high yield potential and good response to irrigation. These crops, accordingly, have been given due importance in proposed cropping patterns. Therefore, based on the suitability, reasonable percentage of vegetables has been included in the cropping pattern.  The production of vegetables like tomato and potato will help in the promotion of agro-industries for production of tomato and potato products for their exports to neighboring countries.

In the process of crop budgeting the cost of cultivation of important crops under irrigated production system involving improved production technology have been worked out to project the expected income. 

1. INTRODUCTION

1.1. Background 



The agriculture in this country is characterized by its low productivity mainly due to limited use of improved agro-techniques, inadequate and erratic nature of rainfall, production inputs and continuous degradation of natural resources like soil. This has affected the food security and environmental stability of the country adversely at the face of prevailing rapid and uncontrolled growth of population. Due to increase in population, most of lands available for crop production have exhausted. Therefore, the only option left with the government is to enhance the crop productivity per unit area to feed the growing population. 

Particularly, inadequate and erratic nature of rainfall in most places of the country as a whole and in the project area specifically makes irrigation water the most important. Irrigated farming reduces poverty by increasing productivity and cropped area. It creates employment opportunity. Besides; due to sufficient production in an area, it stabilizes crop price.

 However, in spite of the good opportunity of suitable soil and water resources in the project area, the farming community have not effectively utilized available resources and thus become vulnerable to   recurrent drought and food insecurity.

Realizing the necessity of irrigation and drainage development on socio-economic progress and shortage of food supply and existing of poverty in the region, the Oromia Irrigation Development Authority (OIDA) is working with non-governmental organization, irrigation developmental sectors, to improve the livelihoods of the communities in the project areas and to identify different possible interventions for sustainable development. 

Hence, the Authority (the client), requested AYJEF Water Works and Business PLC (the consultant) to render consultancy service for feasibility and detail study of Koka Negewo small-scale irrigation development that administratively found in Lume district of East Shewa Zone. 

With the present agronomy study, existing crop production conditions had been assessed  and major constraints including inadequate input supply, poorly developed research-extension linkage, poor access to extension services, inputs, credit and market, underdeveloped technologies and cultural practices, moisture stress and unreliable rainfall, underdeveloped technologies and cultural practices and  weeds diseases and pests.

 Through proper utilization of resources, particularly the water resources and by solving the other major agricultural constraints mentioned above, the current low level of production could be enhanced. But this strategy should also be supported by other components including improvements in rain fed farming, agricultural support services, animal feed and health services, infrastructure development (access roads, market outlets, water supply, and health facilities) etc.

1.2. Objectives
1.2.1.  General Objective

The general objective is to increase productivity and production of a given land through introduction of irrigated agriculture by using modern farming technology and thereby attain food self sufficiency and food security of the community of the area.

1.2.2. Specific Objectives

    The specific objectives of agronomy feasibility study are the following important points. These include:-

· Evaluation of the existing agricultural situation of the study area (i.e. crops grown, cropping pattern and farming system);

· Investigation of the suitability of soils, climate and water for the proposed irrigation project;

· Identification of the existing physical environment of the study area;

· Identification and evaluation of crop production constraints of the study area;

· Based on the crop selection criterion, selection of suitable crops, cropping pattern and cropping calendar for the project;

· Estimation of input requirements such as seeds, fertilizers, chemicals, labour and draught power for the selected crops;

· Prediction of yield projection for the selected crops;

· Recommendation of important agronomic practices and supporting services for the crops grown under irrigation; and

· Analysis of crop water requirements and irrigation scheduling of the proposed crops by taking into consideration climate, soil and crop characteristics. 

1.3. Scope of the study 

· Land use and farming system

· Present agricultural practice

· Existing cropping pattern  of the area

· Existing agricultural production 

· Existing agricultural inputs  and supporting services 

· Crop production constraints 

· Livestock production 

· Crop water requirement 

· Agronomic practices and crop requirements  for selected crops

1.4. Review of Sector Policies, Strategies and Related Previous Studies
1.4.1. Sector Policies and Strategies

1.4.1.1.   Agricultural Policy

The focus of agricultural policy has been to:

· Increase food security

· Increase the supply of agricultural raw materials to the local industry

· Expand the local manufacturing industries to supply the rural areas, and

· Increase foreign exchange earnings

The policy has to bring about agricultural growth addresses three main areas, namely: price, institutional and technology development policies

Price policy: forms part of the overall economic liberalisation. This has made it possible for traders to purchase grain from surplus areas and transport to deficit areas. 

Institutional policy: this involves the restructuring of public enterprises, devolving agricultural activities to the regional governments, restructuring the national agricultural research system, and privatisation of state farms.

Technology development policy: The adoption of the new agricultural extension system, PADET, has accelerated the diffusion of productivity enhancing technological packages.

As part of the agricultural development policy, Ethiopia’s FSS was first issued in 1996 and updated in 2001. It has been observed that food insecurity is one of the defining features of rural poverty affecting millions of people, particularly in moisture deficit highlands and pastoral areas. Both chronic and transitory problems of food insecurity exist. Due to a combination of factors, Ethiopia has been a food deficit country for over two decades. Each year an estimated over four million people, particularly in the rural areas, have problems of getting enough food for themselves and therefore need assistance. The government is tackling this problem through the introduction of: i) small, medium and large-scale irrigation; ii) drought resistant and early maturing varieties and with water harvesting technology; iii) soil conservation and environmental protection; IV.) Improved harvesting, handling and storage facilities and the encouragement of voluntary settlement.

1.4.1.2. Food Security Strategy

Food Security is manifested directly in three security components: adequacy of supply (production, reduction of post-harvest loses), stability of supply (production and price stability), and access to supply (increase purchasing power of households and access to employment). 

Currently, about 3 million people each year face food shortages and need relief assistance. The consequences of food insecurity are reflected in the high level of malnutrition. The first version of FSS was prepared in 1996 and has been revised as required by the national government. For instance, the revised (2002) FSS was targeted mainly to the chronically food insecure, moisture deficit and pastoral areas, water harvesting and introduction of high value crops, livestock development were key development issues in the revised strategy. 

In 2004 the new coalition for food security prepared a food security program that was more comprehensive and detailed than the earlier ones. The goal of the food security program is to drastically reduce food insecurity faced by vulnerable households. Its objective is to attain food security of the chronically food insecure population and significantly improve and sustain overall food security of population within five years.
1.5. Review of previous agronomy studies in the area

· Survey of Awash River basin, Volume-II, Rome, 1965Awash River basin study report document at scale of 1:100,000 is one of the documents reviewed during the desk work. The study is owned by The Ministry of Agriculture, the study of this project carried out by SOGREAH consultant. The area covered by this survey is 262000ha. (224000ha middle valley & 38000ha Methehara area).The report comprises soils and agronomy, irrigation, climatology, hydrology, water planning, water storage and power development.

· Physiographic and soils of the Haykoch and Butagera and Yerer and Kereyu Awraja (Shewa), Nov. 1989.Physiography and soils study report document at scale of 1:250,000 is also one of the documents reviewed during the desk work. The study is owned by the ministry of agriculture, the study of this project carried out by assistance to land use planning The soil survey was carried out for the gross area of 1182300 ha of which 11095 ha occupied by lakes.

· Ada’a soil survey and land evaluation feasibility study oct.2008 part one by WWD&SE (consultant).The main objective of the soil survey is to provide detailed information on land and soils of the ada’a-Debrezeit area at feasibility level which may form a basis for conforming irrigation potential by: the soil survey has been carried out at an intensive level at scale of 1:10,000 within  the suggested gross potential irrigable area of some 14, 003ha.  The study isz owned by the Federal Ministry of Water Resource.

· Upper Awash Integrated Land Use Plan Study, 2014. The study is owned by the Oromia Rural Land and Environmental Protection Bureau.  Rainfed agronomy in Lume, Liban Chukala, Adaa Disrtricts. Irrigated agronomy, types of irrigation, traditional, small scale irrigation schemes, irrigation water management practices, irrigated crops, etc, in Lume, Liban Chukala, Adaa Disrtricts

· Adaa plain Ground Water Irrigation Project Adaa plain Ground Water Irrigation Project, unpublished (2008)-owner of the study is Nationa Regional State of Oromia.  Climate, agro climate, land and land resources and land use, rain fed production in Adaa, ground water potential for irrigation, proposed cropping pattern-Proposed Integrated Agricultural Production, Crop Water Requirement, crop production costs,

A strategic plan for the sustainable development, conservation, and management of the Woody Biomass Resources, May 2001(revised December 2002)

· Farming systems in Oromia particularly the Upper Awash Sub Basin in Oromia, Woody Biomass, Household Energy, etc .

· Research papers  by Teklu Erkossa ,Karl Stahr, Thomas Gaiser,2005, Soil tillage and crop productivity on a Vertisol in Ethiopian highlands, Universita¨t Hohenheim

· Results of the alternative land preparation against the poor drainage effect on vertisols (Broad bed and furrow, Green manure, Ridge and furrow, reduced tillage) yield increase in some crops like lentils wheat, increase I biomass of wheat straw, etc. 

1.6. Methodology
1.6.1. Structure of the Study
1.6.1.1.  Pre-Field Work

· Assessment of previous works

· Identification of access

· Collection  of agro  climatic data

· Review of previous studies undertaken in the project area

· Developing a format for description of  cropping systems and required data

1.6.1.2. Main Field–Work and Post Fieldwork
· The field work was undertaken in the months of March and April 

· Observation of seasonal situations/events related to the onset of the rainfall and the growing season

· Collection of relevant agronomic data from institutions at  command villages .wereda , Zonal and level and 

· Analysis of the collected data and report writing

· Formal Household Survey, Key Informant and Group Discussion and direct survey were largely used in the process of data collection.

Useful tools   such as ranking,  semi  structured questionnaire, trend analysis, time line, etc, have been used in order to quantify some information on which well organized data was not available. Focus-group discussions and key informant interviews have been conducted with groups and individuals, respectively allowing for crosschecking of information triangulation. It has been tried to visit many of the development activities in the command area related to agronomy. This includes existing irrigation practices in the project wereda, agricultural support structures etc, demonstration farms, forest management practices, have been visited despite time constraints as a result of urgency of the survey.

Comprehensive questionnaires including all required parameters of faming and households were developed and administered to the farmers of randomly selected kebeles of command area.  After the collection of this information for the command area, the same have been analyzed and critically evaluated for the development of agricultural plans as per the objectives listed above. The secondary data have already been collected from several government offices responsible for the development of area and used in preparation of the plan.  The details of existing status of farming have been given in subsequent chapter of the report.

This has helped in obtaining the information on crops, varieties being grown, the existing potential under both rain fed and available irrigated production system.  This will further include the study of current farming system, crop rotation and cropping intensity, the status of agricultural support services, strength and weaknesses of present research - extension- farmers' linkages including its impact on technology generation, assessment, refinement, dissemination and adoption. The study also included the type and number of crops being grown, their socio-economic importance and marketability to decide on the future crops to be included in the selected cropping plans in the light of the country's need.  Efforts have been made to select the crops, cropping pattern with appropriate varieties that may be adaptable to the present soil, climatic, socio-economic situations of the project command and are responsive to irrigation water, and other production inputs giving high and sustainable yield. The crop budget and yield projection of the system has been worked out taking important crops. The water requirement of duly selected crops and cropping pattern has also been worked out following standard scientific procedures suggested by FAO, I & D Paper No. 56.  The important agricultural constraints have been studied and analyzed to formulate suitable development strategies including rural based agro-industries.  Based on the above the suitable integrated and sustainable system for production has been suggested. 2.7. Overview of the Project Area
2. Overview of the Project Area

2.1. Location and Access

Karfe small scale irrigation project is located in Ada’a district of East Shewa zone in the national regional state of Oromia, at about 65 kms from Addis Ababa, and about 81 kms from the Zonal Capital, Adama. The project village situated at 23 Kms is accessible from Bishoftu town
2.2. 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. It is a major determinant of agricultural development. 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.

Climate is the most important consideration for selecting crops for an area under irrigation. Crops have varied climatic requirements and give optimum yields when they are grown under optimum conditions. Crops that are more adaptable to the lowlands are not successful in the highlands. Similarly, crops more adaptable to the highlands cannot be grown in the lowlands. Thus, in designing a cropping pattern the first step is to choose crops that suit the climatic conditions of the area under consideration.

Over most of the area, there are two growing periods. The first ("belg") starts in February-March, has a very unreliable onset and insufficient duration to obtain a complete crop. It is important however for starting long season crops such as sorghum and maize where these are cultivated; and also for initiating a short flush of pasture growth. In the southern part of the area (south of the Upper Awash river) the belg  does not occur. The main growing season commences in June (at the earliest) and lasts 3-5 months.

As more comprehensive data was available from the Debre Zeit station, records of the Debrezeit station are used in aspects where climatic parameters are used.  For closer observation of the command area, records of the Koka Dam station have also been observed that they are closer to the project area.
Table 1Summary of Climatic data at Debrezeit(Bishoftu)
	Parameter 
	Jan 
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Average

	Rainfall (mm)Debrezeit
	15
	44.5
	59.8
	60.3
	44.8
	120.3
	228.9
	211.4
	95
	42.7
	5.7
	7.6
	936.2

	Minimum Temperature (oC)
	10.8
	10.4
	13.8
	14.3
	13.9
	13.5
	13.8
	13.8
	12.9
	11.7
	10.0
	9.9
	12.4

	Maximum Temperature (oC)
	27
	29
	26
	29
	29
	28
	25
	24
	26
	26
	26
	26
	27

	Mean RH%
	73
	63
	71
	69
	69
	81
	86
	87
	86
	74
	71
	70
	75

	Sunshine hour
	8.9
	9.7
	8.2
	8.4
	8.6
	7.2
	8.5
	5.7
	7.8
	9.0
	9.7
	9.7
	8.5

	Wind speed (m/sec)
	5.22
	5.36
	4.75
	5.36
	4.79
	4.03
	4.61
	4.03
	4.03
	4.61
	4.61
	5.36
	4.73


2.2.1. Rainfall 
The climatic features are dominantly a rainfall pattern characterized by main rains in summer (i.e. from June to October for short growing season areas around Northern Central Rift Valley from Bora, Lume, Liben  upto Metehara; while Bishoftu and Chefe Donsa receive their rains from April/May to September /October. The average annual rainfall recorded at Debrezeit Station was 936 mm with minimum of 547.2mm and maximum of 1089.3mm.The smallest rainfalls are received in November, December and January from 5.7mm to 15.mm; whereas February to May are months of the second lowest rainfall. The mean monthly temperature at Debre Zeit is in the range 20.91 OC.  The monthly mean maximum temperature varied from 26.7 OC in July to more than 29 OC in March, the monthly mean minimum temperature varied from 10.8 OC in December and 13.4 OC in august. The highest mean temperatures were always in July to October. Moist and humid  periods  for Debrezeit  climatic station where  the monthly  rainfall was greater than half of the monthly Potential Evapotranspiration (PET) which indicates presence of relatively sufficient moisture in the soil to support plant growth ,i.e., Length of Growing Period (LGP)  is shown in Table 3 below. With the exception of the years 2006, 2008 and 2010 the Length of Growing Period (LGP)s were shorter than 120 days. Scarcity of rainfall was faced in the command area, Debrezeit, in 2016 as 
	Year
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec

	2003
	38.3
	55.4
	64.4
	100.3
	21.1
	81.4
	277.9
	285.5
	120.0
	6.0
	3.6
	35.4

	PET
	103.7
	108.4
	131.9
	131.2
	134.2
	111.1
	101.4
	99.4
	101.2
	121.3
	116.6
	109.6

	0.5PET
	51.85
	54.2
	65.95
	65.6
	67.1
	55.55
	50.7
	49.7
	50.6
	60.65
	58.3
	54.8

	LGP
	-13.6
	1.2
	-1.6
	34.7
	-46.0
	25.9
	227.2
	235.8
	69.4
	-54.7
	-54.7
	-19.4

	2004
	
	
	67.8
	119.9
	2.0
	133.5
	172.5
	209.1
	73.6
	22.6
	10.3
	0.0

	
	
	
	-1.8
	54.3
	-65.1
	78.0
	121.8
	159.4
	23.0
	-38.1
	-48.0
	-54.8

	2005
	21.8
	0.0
	122.1
	77.3
	86.5
	96.7
	168.0
	186.7
	153.3
	0.0
	2.9
	0.0

	
	-30.1
	-54.2
	56.2
	11.7
	19.4
	41.2
	117.3
	137.0
	102.7
	-60.7
	-55.4
	-54.8

	2006
	5.0
	108.8
	0.0
	52.2
	32.2
	108.2
	329.0
	141.4
	122.8
	78.3
	5.2
	16.1

	
	-46.9
	54.6
	
	-13.4
	-34.9
	52.7
	278.3
	91.7
	72.2
	17.7
	-53.1
	-38.7

	2007
	5.8
	0.0
	0.0
	57.9
	92.0
	77.4
	326.8
	155.1
	123.2
	13.2
	
	

	
	-46.1
	-54.2
	-66.0
	-7.7
	24.9
	21.9
	276.1
	105.4
	72.6
	-47.5
	-58.3
	-54.8

	2008
	0.0
	0.0
	0.0
	41.1
	47.6
	55.5
	226.3
	253.5
	148.6
	3.2
	45.2
	0.0

	
	
	
	
	-24.5
	-19.5
	0.0
	175.6
	203.8
	98.0
	-57.5
	-13.1
	-54.8

	2009
	40.9
	0.0
	13.9
	
	16.8
	38.0
	125.1
	243.9
	45.5
	67.5
	0.6
	20.9

	
	-11.0
	-54.2
	-52.1
	-65.6
	-50.3
	-17.6
	74.4
	194.2
	-5.1
	6.9
	-57.7
	-33.9

	2010
	0.0
	36.2
	87.0
	129.7
	37.2
	100.7
	197.9
	204.9
	125.5
	0.0
	0.0
	0.0

	
	
	-18.0
	21.1
	64.1
	-29.9
	45.2
	147.2
	155.2
	74.9
	-60.7
	-58.3
	-54.8

	2011
	0.0
	
	85.2
	25.2
	64.8
	
	239.9
	287.7
	147.3
	0.0
	1.6
	0.0

	
	
	
	19.3
	-40.4
	-2.3
	-55.6
	189.2
	238.0
	96.7
	-60.7
	-56.7
	-54.8

	2012
	0.0
	0.0
	110.2
	39.2
	26.9
	
	175.6
	193.7
	
	1.6
	0.0
	

	
	
	
	44.3
	-26.4
	-40.2
	-55.6
	124.9
	144.0
	-50.6
	-59.1
	-58.3
	-54.8

	2013
	0.0
	0.0
	32.3
	51.2
	50.8
	161.9
	
	
	
	
	
	

	
	
	
	-33.7
	-14.4
	-16.3
	106.4
	-50.7
	-49.7
	-50.6
	-60.7
	-58.3
	-54.8


explained by the community members during the agronomic survey.
Table 2 Length of Growin Period for Debrezeit  Station 

2.2.2. .Relative humidity

Humidity level of the atmosphere determines the level of Evapotranspiration. The relative humidity distribution will show the favorability and possibility of pest infestation occurrence in which in most cases high humid areas are susceptible to insect pests and diseases; therefore it is useful to give emphasis to incorporate pest control intervention in the project document.

The mean monthly relative humidity (RH) at Debre Zeit station is in the range of 47 to 76.7 percent. Generally, RH values ranging from 60.9% to 76.7% are recorded from July to September. The lowest of RH values was highest in January, February and March

2.2.3. Sunshine Hour

The mean monthly sunshine hours at Debre Zeit varied from a low value of 5hours per day during the month of July and August to the high of 9 and 10 hours per day during November to March. Its highest variability occurred during the wet season probably because of the frequent overcastting conditions. 

2.2.4. Wind Speed

Wind speed data are used for estimating evaporation and evapotranspiration, and calculations for these parameters normally require wind speed measured at 2 m height. The monthly mean wind speed ranges from 1.0m /s to maximum of 1.6 m/s and 1.7m/s in the months of February to April and the minimum was only in August and September. 

Topography 

The present physiographic setting of the catchment is the result of volcano-tectonic activity that forms the plateau and the rift in general. Later erosion and river dissection has contributed to the existing rugged landform. Two major types of land forms generally characterize Kerfe area: volcanic ridges and hills at its northern and flat land forms in central part of Mojo River catchment close to Kerfe. Kerfe has flat to undulating landform with average altitude of 2100m a.s.l. The dominant rocks are the tertiary volcanic: basalt tuffs and agglomerates of the trap series (paleocence to miocence age) and the younger, more silica–rich rhyolite, trachytes, tuffs and ignimbrites of the magdala group (Miocene topleistocene). 

2.2.5. Water Resources

The project area is found in the East Shewa zone Adaa district. Adaa is rich in surface water and ground water resources. Rier mojo and several lakes around the bishoftu towns are the surface water resources. The specific water resource on which the kerfie small scale irrigation project is based is the Mojo River.  Mojo is one of the tributaries of the Awash River Basin which is the most important river basin in Ethiopia, and covers a total land area of110, 000 km2 and serves as home to 10.5 million inhabitants. The total length of the main course is some 1,200 km. Based on physical and socio-economic factors the Awash Basinis divided into Upland (all lands above 1500m asl), Upper Valley, Middle (area between 1500m and1000masl), Lower Valley (area between 1000m and 500m asl) and Eastern Catchment (closed sub-basin are between 2500m and 1000masl), and the Upper, Middle and Lower Valley are part of the Great Rift Valleys systems.

River Mojo originates from the escarpments with 2531masl eastwards from Ginbichu district in the Upper Awash Sub Basin. The drainage area covered by Mojo River   is indicated to be 1264 square 
2.3. Agro-ecology 
An Agro-ecological Zone(AEZ) is a land resource mapping unit, defined in terms of climate, landform and soils, and/or land cover, and having a specific range of potentials and constraints for land use.

AEZ can be regarded as a set of core applications, leading to an assessment of land suitability and potential productivity, and a further set of advanced or peripheral applications, which can be built on the inventories and results of the core AEZ studies.
Based on the traditional agroecological zonation in Ethiopia which is based on elevation and temperature  regimes, the project area is characterize as Dry Weina Dega  in the valley of the Mojo river as well as dry dega in the upper parts.   Balanites, acacia, cordia   trees are remenants of the older land cover.Wheat, teff, barley, maize and pulses are dominantly produced on heavy clay soils. 
2.4.  Soils

Based on the soil survey report of the Kerfe SSI Project, the dominant soil types in the project area belong to the vertisol FAO soil groups.  Vertisols are churning, heavy clay soils with a high proportion of swelling clays. These soils form deep wide cracks from the surface downward when they dry out, which happens in most years. The name vertisols (from Latin vertere, to turn) refers to the constant internal turnover of soil material. Common local names for many vertisols are: black cotton soils, regur (India), black turf soils (South Africa), margalites (Indonesia), Vertosols (Australia), Vertissolos (Brazil), and Vertisols (United States of America)(FAO, 2001, WRB, 2006). 
The vertisols of the study area are commonly distributed soil type and classified as pellicVertisol. The surface texture is clay. The suffix qualifier pellic refers to soils having in the upper 30 cm of the soil a munsell value, moist, of 3.5 or less and a chroma, moist, of 1.5 or less (in vertisol only). The important soil  parameters which are used as part of inputs in planning the irrigation agronomy are described in the section presenting the climatic and land suitability. 
3. RESULT AND DISCUSSION

3.1. Farming Systems
In general, undertaken reviews of previous studies (Upper Awash Integrated Land Use Plan and Woody Biomass Study) and expertise experience indicate that there are two major farming systems as described below

3.1.1.  Cereal Farming Systems on Vertisols in the Central Highlands,

These land use systems are characterized by extensive areas of black cracking clays (Vertisols). These soils are generally most extensive on the flat to gently sloping plains of the Upper Awash valley (Tefki Plains) and between Akaki and Mojo. 

Because of its ability to withstand water logging, teff is the dominant crop on the flat Vertisols together with some wheat and pulses (chickpea and lentils). Where soils are better drained on slightly steeper slopes, maize and sorghum with field pea and broad beans are more extensively cultivated. On the flood plains of the upper Awash around Tefki pulses (chickpea and lentils) are grown on residual soil moisture from November onwards after floodwaters have subsided.

Increasing encroachment of crops at the expense of grazing land is the key element of change in this farming system. As the area is less previledged in infratructuraal development, farming systems are based on traditional and unimproved technologies. For instance, no farm machineries like tractors and  combine harvesters are used . However, the area is not so far to use the recently introduced teff thresher and bellers to compact wheat straw for sales. 
3.1.2. Land use /land cover 

Land use/land cover data for the Adaa district based on the upper awash integrated land use plan, 2014, is shown in Table1. Intensively cultivated land for rain fed cropping was estimated to be 76527.45ha (85.32%) with another 485.79ha (0.54%) used for irrigated cropping.
Table 3: Land use/ land cover in hectares   for Adaa district
	Land use/ land cover type 
	Area (ha)
	Area (Km2)
	percent

	Degraded Land
	1869.41
	18.69
	2.1%

	Exposed Rock Surface
	410.31
	4.1
	0.5%

	Flower farm
	96.06
	0.96
	0.1%

	Intensively Cultivated
	76527.45
	765.27
	85.3%

	Inundated land
	108.32
	1.08
	0.1%

	Irrigated Agriculture
	485.79
	4.86
	0.5%

	Lava
	2.03
	0.02
	0.0%

	Open Bush Land
	69.97
	0.7
	0.1%

	Open Bush Shrub Land
	1633.44
	16.33
	1.8%

	Plantation Forest
	2657.23
	26.57
	3.0%

	Quarry
	579.75
	5.8
	0.6%

	Rural Settlement
	4152.26
	41.52
	4.6%

	Urban Settlement
	483.62
	4.84
	0.5%

	Water Body
	617.68
	6.18
	0.7%

	 total
	89693.32
	896.93
	100%


3.1.3. Land use in the project kebele 

Land use pattern in the project kebele and the command area is dominated by intensively cultivated land which is estimated to more than 90% of the total land in the area. Rurall settlement takes around five percent of the land in the kebele. Degraded lands and rock outcrops and very small areas of degraded lands used as grazing areas  is common in uncultivated areas. The position of the rural settlement in the project is so much appreciated that most of the famers’ villages and the sub urban kerfe village are established on stony and sloppy areas. Due to abundance of rockoutcrops residents construct fences of stones around their homesteads.evn farmlands are full of stones which may hinder mechanization. 
3.1.4. The Growing Seasons

The climatic features are dominantly a rainfall pattern characterized by main rains in summer (i.e. from June to October for short growing season areas around Northern Central Rift Valley from Bora, Lume, Liben  upto Metehara; while Bishoftu and Chefe Donsa receive their rains from April/May to September /October. The area receives an estimated annual total above 900mm (Debre Zeit meteorology station) of rainfall and the biggest rainfall is received during July August and September though small amount of rainfalls are available during the small rainy season/Belg/ from March to May or June.

Over most of the area, there are two growing periods. The first ("belg") starts in February-March, has a very unreliable onset and insufficient duration to obtain a complete crop. It is important however for starting long season crops such as sorghum and maize where these are cultivated; and also for initiating a short flush of pasture growth.  

3.1.5. Land holding 

Information obtained from the farmers in the project village, Kerfie, indicate that there is a wide variation in land holding among the farmers. With the exception of few farmers holding about 10 hectare of land, majority of the farmers consist between one and two hectares 

3.2.  Crop production 

Besides the short field visit made to the Kerfie Adaa small scale project, reviews made on recent and earlier studies in the project area have yielded the following information about crop production in the district and studied sites.

3.2.1. Rain fed cropping 

3.2.1.1.  Cropping pattern 

 The rain fed  cropping pattern in Adaa , based on the upper awash integrated land use plan study is indicated that teff covers 37%, wheat 25%,chick peas 21%,lentils 12% followed by faba beans(2%) and maize(1%)  while  pulses like field peas, haricot beans, and grass peas are also grown in little amount.

Table 4Area cultivated and production obtained by crop types in (2006-2007 E.C) 
	No
	Crops
	2006
	2007

	
	
	Hectares
	Qt
	Hectares
	Qt

	1.1
	Teff
	23,690
	663,320
	25,180
	881,300

	1.2
	 Barley
	210
	7,367.50
	238
	8,568

	1.3
	Wheat
	15,552
	634,899
	17,677
	795,465

	1.4
	 Maize
	543
	19,583
	592
	26,640

	1.5
	 Sorghum
	3
	90
	34
	340

	2.1
	Fababeans 
	10,47.5
	18,885
	1,233
	28,626

	2.2
	Field peas
	391
	7,038
	417
	9,250,417

	2.3
	Har. beans
	-
	-
	330
	6,930

	2.3
	 Chickpeas
	12,869
	486,965
	12,440
	522,488

	2.4
	Lentils
	74,15.5
	222,929
	7403
	229,493

	2.5
	Vetch
	306
	4,920
	180
	5,760

	2.6
	 Others
	30
	301
	-
	-

	3.1
	Linseed
	-
	-
	6
	78

	3.2
	Sunflower
	 
	 
	4
	44

	Total
	 
	2,066,297.50
	65,734.00
	11,756,149.00


Source: Adea district office of Agriculture and Development

Table 5:Size of rainfed cropland for ADAA Districts

	 
	Area(ha)
	Prod(qt)
	 proportion

	Teff
	26545
	688096
	37%

	Wheat
	17834
	710721
	25%

	Barley
	235
	8225
	0%

	Maize
	614
	22470
	1%

	Sorghum
	6
	154
	 

	F.bean
	1187
	21071
	2%

	F. peas
	447
	6255
	1%

	H.Beans
	348
	2368
	0%

	C. Peas
	15204
	517003
	21%

	Lentils
	8379
	236709
	12%

	Gr. Pea
	185
	5236
	0%


Source: East Shewa Zone ARDO, 2013

Table 6Average cropping calendar in adaa district 

	Crop Type
	Land Preparation
	 Planting 
	Harvesting

	Wheat 
	April-June
	End of June - July
	 Nov-Dec

	Barley 
	April-June
	End of June - July
	 Nov-Dec

	Tef 
	Mar-June
	Mid July-Mid Aug
	 Nov-Dec

	Maize 
	Late Feb-Late Apr
	Mid May-Mid June
	 Nov-Dec

	Sorghum 
	Mar-May 
	May.
	December

	Haricot beans
	May-June
	End of June-Early July
	October

	Chick pea
	April-June
	End of Aug-Early Sept.
	Dec-Jan.

	Lentil 
	April-June
	End of July-Early Aug.
	Oct.-Nov.

	Faba bean 
	May-June
	End of June-Early July.
	Nov- Dec.

	Field pea
	May-June
	End of June-Early July.
	Nov-Dec.

	Grass pea
	Apr-May
	August
	November


3.2.1.2. Cropping pattern of the project kebele
The cropping patten in kerfe in order of importance is teff, wheat,maize, barley, and pulses(chick peas, lentils, faba beans , field peas, and grasspeas)

Table 7:Cropping pattern and calendar in the command area, Kerfie village 

	
	Land preparation 
	Planting 
	Harvesting 
	 actual Average yield

Qt/ha

kerfe
	Variety potentials  Qt/ha-research fld
	Variety potentials Qt/ha farmers fld   

	Teff 
	Apr
	Jul16 To Aug 5
	Nov-Dec
	20-22
	24-34
	18-24

	Wheat 
	Apr
	»
	Nov 
	20-30 to 40
	50-57
	

	maize
	»
	May
	Oct
	36
	80-90
	50-60

	Barley 
	»
	Jun
	Oct
	20
	25-56
	13-35

	Lentil 
	»
	Jul5 
	Oct 
	10
	15-22
	18

	Chick pea
	»
	Jul15-Sep5
	Jan30
	20-30
	10
	

	Faba beans 
	»
	Jun 12
	Oct 
	10-12
	20-35
	15-20

	Field peas
	
	
	
	10-13
	25-40
	20-30

	Grass pea 
	
	
	
	
	
	


During the field visit, brief discussions were made with the farmers and   it was possible to know about the cropping pattern, cropping calendar, crop varieties, agricultural input utilization, crop protection, harvesting and local yields.

Farmers have insistently explained the following list of problems in producing rain fed cropping:  

Crop diseases and insects: there is a serious chick peas disease, insects attacking faba beans, lentils and chickpeas 

Scarcity and high price of agricultural inputs 

Marketing of farm products that˝ brokers are always determining the market price for our products "

Poor drainage of the soil, i,e, the vertisol soils are not well drained 

Serious soil erosion and fertilizer requirement is higher 

Average land holding is very low that most farmers hold two to one ha of crop land.  Farmers explained their worry that this problem coupled with very much population of unemployed young people is a threat to the community. 

Farmers explained that the extension service from the local development agent or other agencies is very poor. For example , when they were asked as to who advise them as to the type of  fungicide or the insecticide for their irrigated crop, they answered that persons selling the chemical in the town will advise them the chemicals they should use against the disease or insect. In this case it was observed that a farmer who was holding three types of chemicals (Mancozeb, Ridomil, Agrolambacin) were bought by the advise of the merchant. 

[image: image2.jpg]



  Figure 1: Rainfed lentils chick peas and wheat around the project area (photo fromUAILUPS)

Figure 2: The Popular Adaa teff (early photo from UAILUPS)
3.2.1.3. Irrigated cropping 

 Previous studies state that irrigated crop land in Adaa district under the small holder peasant farmers is estimated to 485.8ha without including the private commercial farms like flower and horticultural farms around the Bishoftu town. Some of the oldest small scale projects including Godino, Hiddi, and many others exist in the district using surface and ground water as well as  recessing water from  wetland using different forms of water conveyance mechanisms. It is obvious that modern and complex irrigation systems including drip and sprinkler for flower and other vegetable crops also exist in the area. Various types of vegetable crops are produced by small holder peasant farmers in different parts of the Adaa district where tomatoes, potato, onion and cabbage are  dominantly produced. In old small scale schemes like Godino, potatoes are the major crops while perennials like avocadoes, sugarcanes, wild custard apple (gishta), soursops(ambeshk), casimors, papayas,forages like elephant grass are produced around home gardens. Under the small holder situations yields of irrigated vegetables are  reported to be poorer that  it is estimated 180qt/ha for potato, 260qt/ha for tomato, 180q t/ha for onions.

[image: image3.jpg]



Figure 3: Irrigated potato in Godino(Adaa)  [image: image4.jpg]



3.2.2. Existing irrigation practices 
During the field visit made to the Kerfie small scale project area, traditional irrigation was practiced where onions, Abyssinian cabbages, pepper were produced by making rudimentary diversions from River Mojo as well as pumping water from the river. Surprising efforts of individual innovative farmers have also been observed in attempting to divert and use the river as well as conserve and use the available moisture In the established gardens of perennial Abyssinian cabbages, green peppers and  traditional herbs. another situation where positive attitude of farmers towards irrigated cropping is observed  that conscious farmers with financial capacity rent plots of farms  around the bank of Mojo River for limited seasons  and produce potato and onions for market.  The cropping intensity is very low that   farmers are working only one season and it would be rotated by rain fed cereals. Lack of extension, diseases, marketing of agricultural produce and scarcity of farm inputs is also explained by the irrigation farmers.
The existing schemes do have  very small areas not more than two to three kerts( meaning quarter f a hectare), potato and Abyssinian cabbage are the dominant crops. Efforts to estimate average yields was not successful. however yields are very poor due to inadequate technical knowhow of the farmers,as well as poor utilization of farm inputs. 

The communities nearby/around the envisaged irrigation development site have experience of irrigations as they are producing fruits and vegetables nearby river Modjo by pump. Crops produced by traditional irrigation include cabbages, Tomato, red onion, etc.
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Figure 4.Vegetables and fruits produced during dry season in the command area

3.3. Cultural Practices

3.3.1.  Crop varieties 

Table 8:Common  rain ferd crop varieties in the project area

	Crop type
	Names of the Varieties

	
	Adaa Woreda
	Lomie Woreda

	wheat
	HAR-604, kekebo, dandaa, Pavon  -  76
	Pavon  -  76 HAR  -  1688

	Tef
	Cross – 37, DZ -196,kuncho 
	**

	Chickpea
	Worku,Ararti.,Shasho
	Philip,Ararti,,Shasho

	Lentil 
	Alemaya
	Alemaya

	Haricot bean
	**
	Awash Melka, Mexican

	Tomato
	**
	Rome  VFRome   VFN,,Marglob

	Onion
	**
	Adama Red,Bombey Red,Red Creole

	Cabbage
	**
	Copenhagen 


3.3.2. Land preparation 

Land preparation is accomplished by using local plough drawn by a pair of bullocks or oxen. The plough is made of wood and is fitted with a pointed iron bar. It is locally called “Maresha”. The number of plowing depends on the intensity of weed infestation, crops and its seed size. The time of land preparation extends from April to June for cereals up to August for chickpeas.

3.3.3. Planting 

The planting involves the time, date and methods. In general, most of existing crops except chickpea others are planted from May to August in command districts, mainly due to moisture availability through rain as rain fed crop. Chickpea required less water hence sown in September. The general method of planting being followed is broadcasting of seed followed by light mixing. 

3.3.4. Crop protection

General information on the incidence of insect-pests and diseases for Woredas is available for different crops along with plant protection measures. 

 The weed species observed in the Kerfie area include; Argemone.mexicana Lactuca, Bidens Pilosa, Rumex , Amaranths, Digitaria, Cynodon, Cyprus, Plantago, Alternantera pungensis, Avena fatua, The prevailing common insect-pests and diseases are given in Table 7 and 8. However farmers have consistently complained on rust on wheat and, lentils, aphids on grass pea and field peas and epidemics on chick peas.

Weeding 

Hand weeding and chemical weeding are used in the area.Agricultural inputs are supplied by local unions, cooperatives and  private suppliers. More than five vegetable seed and  agochemical suppliers are observed in  bishoftu  town. They were supplying Pallas, 2, 4-D, Topic, Tilt, Rexoudo, Mankozeb, Helarate, Malathine, Bumper and Novofil. Their major suppliers of these chemicals (100%) were private companies in Addis Ababa. The average quantity purchased per year varied among the private shops depending on their capital and availability of the market.

Crop diseases are the the most serious challenges in the rainfed as well as irrigated cropping .particularly rust and fungi attac king lentils, chickpeas, wheat, vegetables(onins, kale, potato, tomato ) are attacked by common diseases as discussed in table14 and 15below. farmers utilize chemical and cultural disease control
Table 9 Common insects and diseases of rainfed crops in the project area.

	CROPs
	Insects
	Diseases

	Maize
	Boll Worm, Stalk Borer, Army Worm Aphids,
	Rust, Strike Virus

	 
	 
	 

	Teff
	Red-Teff Worm,Grasshopper(A. Longicornis)
	 

	Wheat
	Grasshoppers, aphids, cutworms,
	Yellow Rust,

	Barley
	Barley fly, aphids, army worm, weevil la
	Blotch, smuts ,ergots

	Chickpeas
	Bollworm, Pod  Borer
	Root-rot, Dry-rot, Ascochyta, Fusarium Wilt

	Fa.Beans
	 ARMY WORM
	Chocolate Spot, Rust

	Fi.peas
	Aphids, African boll worm(ABW) and pea weevil
	Mildew,Ascochyta Blight

	Pepper
	White Fly, Fruit Fly
	Blight


Table 10: Major insects and diseases of Common irrigated crops in the project area
	Crop
	Insects
	Diseases

	Tomato
	Fruit borers, Tuta absoluta, spider mites
	Late Blight

	Onion-
	Thrips, Mildews
	Downy Mildew ,

	 
	Boll Worm, Stalk Borer
	 

	Pepper
	White Fly
	Blight

	Onion
	Thrips,
	Downy Mieldew, Late Blight

	Tomato
	Bollworm,White Fly
	Viral Disease (Hosted by white Fly), Leaf Curl, Damping off

	Citrus
	Scale Insect, Thrips,
	Gomosis

	Lemon
	Leaf Miner
	 

	papaya
	 
	Anthracnose,Phytophtora footrot

	Grapevine
	 
	Powdery Mildew, Downy Mildew


3.3.5. Soil Fertility Maintenance
Application of commercial fertilizer is so far the most widely used soil fertility maintenance method used by farmers in Adaa district, particularly on rain fed crops. In the study area, Kerfie farmers apply 2qt DAP /ha and 1qt Urea/ha for teff and wheat.

Despite the existence of relatively good number of livestock with the households Farmyard manures are not moved to the farm plots. Rather, they are utilized as source of power for cooking after they are carefully collected and baked and dried around farmyard.

· Lack of knowledge of the benefit of fertilizer use;

· Inadequate distribution system including untimely and in sufficient supply.

· Unfavorable relation between the prices of crop produce and fertilizer cost etc;

· Acute shortage of agricultural credit and Poor research, extension and training support to the farmers

Figure 5: cattle dung is source of household energy 

3.4. Livestock and Livestock Feed Resources 

As it is indicated above, households in the study area practice a mixed farming system and livestock (cattle, sheep, donkey, ) are kept. Livestock have a great interdependence with the rural area and make a substantial contribution to the rural economy. Most rural farming, transport and source of income do directly or indirectly link with them.

The major livestock feeds in district include pasture, bushes, shrubs, crop residues as well as industrial by- products. Currently there is no formal pastureland. Small patches of uncultivated areas with a hard grass species (Pennisetium schimperi) are present around rocky surfaces, On the other hand the regular Extension service did not devote for expansion of modern pasture as needed in all farmer association

Crop residues are thus becoming an increasingly valuable component of livestock feed resources in the area. This is leading to increasing integration of livestock and crop production through the provision of crop residues. Crop residues (particularly teff and wheat straws) are therefore piled up in a very artistic pattern in the home gardens of the farmers. Residues are thus becoming an increasingly valuable and traded commodity and component of livestock feed. 

 Certain amount of livestock feed is also drawn from the irrigated farms (residues of onions and tomatoes, etc, as well as weeds)

Table 11 Type of Livestock production in the project area
	Types of livestock 
	Numbers

	Cattle
	                   6,246 

	Goat 
	                   2,397 

	Sheep 
	                   1,312 

	Poultry
	                   6,987 

	Donkey
	                   2,597 

	Horse
	                      209 

	Mule
	                        93 

	Bee colony
	                        67 

	Total
	                  19,908 


Source: Kebele Administration

Table 12:Number  of Livestock found in Adea district.
	No
	Types of livestock
	Years
	 

	
	
	2006
	2007

	1
	Cattle 
	         135,572 
	         139,639 

	2
	Sheep    
	           26,781 
	           44,197 

	3
	Goats    
	           42,910 
	           27,531 

	4
	Horses   
	           41,963 
	             4,484 

	5
	Mules    
	             4,362 
	             1,578 

	6
	Donkey  
	             1,531 
	           43,222 

	7
	Camel    
	                    -   
	                    -   

	Total
	         253,119 
	         260,651 


Source:  Adea district’s BoFED

Regarding livestock diseases the productivity of livestock in district is affected by prevalence of diseases. Because of these cumulative effects the production obtained from livestock are still remained low. In order to prevent the livestock diseases there are limited livestock clinics In the district there are only four animal health institutions with one “B” type and three of the “D” type.

It is reported that livestock diseases such as Black Leg, Anthrax, Foot and mouth disease, Bovine pastoralysis, Lamp skin disease,etc, are the common diseases in the area.

3.5. Input Supply and Use

3.5.1.  Fertilizers and Improved Seeds Used

Amounts and types of fertilizers, improved seeds and pesticides & herbicides distributed to farmers & number of famers utilizing by types year 2007

Table 13 :Amounts and types of fertilizers, distributed to farmers in 2007

	S. no
	Types of fertilizers
	Amounts of fertilizers
	Beneficiary famers 

	
	
	
	Male 
	Female

	1
	Dap
	1,676.50
	800
	26

	2
	Urea
	23,876
	15,782
	2,106

	3
	NPS borrow 
	10,450.50
	3,394
	12

	4
	NPS
	19,443.50
	12,000
	145

	5
	Zink borrow
	2,580.50
	1,506
	5

	Total
	58,027.00
	33,482
	2,294


Source:  Adea district’s BoFED

Table 14: Amounts and types of improved seeds distributed to farmers &beneficiary famers 

	S.no
	Types of improved seeds
	Amounts of improved seeds
	Beneficiary famers 

	
	
	
	Male
	Female

	1
	Wheat
	114.5
	350
	25

	2
	chickpea
	122.25
	365
	30

	3
	Teff
	48
	1,905
	135

	4
	Lintels
	53
	105
	9

	Total 
	337.75
	2,725
	199


Source:  Adea district’s BoFED

3.5.2. Input use in command area
Farmers in the command area utilize the major inputs used in production of rainfed crops. This inc udes improved seeds of particularly teff and wheat, lentils. Improved seeds of teff  known as kuncho is popular but farmers explained that its vegetative growth is higher I the farm which implies the grain yield is poor. They obtain the seed from seed  multipliers .improved seeds of  wheat known as dendea, kekeba, samba are used in the area. But all of them  are not free from the wheat rust .
Agricultural inputs are supplied by local unions, cooperatives and  private suppliers. More than five vegetable seed and  agochemical suppliers are observed in  bishoftu  town. They were supplying Pallas, 2, 4-D, Topic, Tilt, Rexoudo, Mankozeb, Helarate, Malathine, Bumper and Novofil. Their major suppliers of these chemicals (100%) were private companies in Addis Ababa. The average quantity purchased per year varied among the private shops depending on their capital and availability of the market.

Pesticides and fungicides are also supplied by private shops within the district, neighbouring and other distant districts. Besides selling chemicals, chemical suppliers do other services such as supplying farm implements, vegetable seeds, and advices on chemical application to farmers.

· Most common challenges faced by  crop chemical suppliers are competition from illegal traders, lack of credit, and high cost of chemicals, untimely supply and shortage of chemicals.

· As a result of poor input use particularly insect and disease resistant varieties, farmers have explained that they are fade up with diseases of wheat, teff , chick peas, lentils,  faba beans, etc.

Regardless of the intensity of using agricultural inputs  to increase crop productivity, the associated problems in application of the  chemicals/pesticides is a potential  risks to the community as well as the environment. 6.5.3.1. Improper management and application 

Ethiopian farmers found pesticides to be supportive input for their agricultural production, however, its improper use in the past has shown that small scale peasant farming and some large scale mechanized agriculture have caused an impact on air, water, soil and human beings. Besides lack of capitals in order to access pesticides, better off framers in the project are use significant volume of pesticides .thus improper management and application of pesticide is observed during the field observation.The general  underlining causes are outlined hereunder:

· Lack of awareness

· Inadequate training, 

· Lack of appropriate and timely information about the proper use and management of pesticides, 

· Inappropriate use of Personal Protective Equipment (PPE),

· Wrong notion that pesticides is the best solution to pest problems,

· Poor guidance about the safe use and handling,

· Lack of standard safety practice, etc.  

· Improper use of pesticides, weak enforcement, lack of integration, weak institutional setup, and poor networking and exchange of information among key stakeholders.
Wrong mix of different types of pesticides, Use of pesticides for unintended purposes, Use of pesticides containers for domestic uses. Use of pesticides creates substantial health impacts in all parts of the World.  Pesticides effects on human health on human health are likely to happen unless improvement could be made in the management and application of pesticides.
3.6. Extension Services

It is the services given to the farmers through developmental agents and other NGOs. The service includes how to use modern and new technologies such as training for farmers on technical practices.  In the district in general and in the project area in particular the sole supplier of extension services for project area. According to the government policies and programs in each kebeles there must be three professionals that have different education background. However, the avialable DAs in the project area and in Adea district of kebeles were less than that with very limited available facilities (living house, and other basic services) for them.  

4.  MAJOR PRODUCTION AND DEVELOPMENT CONSTRAINTS AND POTENTIALS  
4.1. Constraints 

Adaa irrigation command is moderately populated with a low cropping intensity. Almost all of the potential land has been already cultivated. The crop production technology is still very traditional though this farming system is common in the area. In crop production, there is very limited introduction of modern inputs like fertilizer, improved crop varieties, quality seed and agro-chemicals. Moreover, different natural hazards such as recurrent drought caution, land degradation due to erosion and rapid deforestation, hail and frost damage, flood and drainage problem etc. have resulted in poor yield in project command.         

During agricultural household survey, a number of production constraints have been identified. Out of these, the important ones are being presented below:

4.1.1.  Inadequate input supply  

This includes the scarcity of improved varieties, supply of quality seed of the varieties, fertilizers, agro-chemicals and improved tools and farm implements.

4.1.2. Shortage of Draft Power  

The farmers are required to have a pair of oxen for plowing their fields in the project command area but according to the household survey results, at least one third of them do not have ox and another one fourth have only one ox. Most of the farmers are using hired oxen and prepare their land. This delays the planting and other farm operations resulting in poor yields. 

4.1.3. Problem of Drainage

The following soils are commonly found in areas with similar land form

Cambisols:  very dark gray (2.5Y 3/1) to dark grayish brown (2.5 Y 4/2), and

Vertisols : black  (10YR 2/1) to grayish brown (10YR 5/2).

Vertislos are the most dominant and important soils of the Ada’a area have high clay contents.  During the survey it was noted that this soil was found in the depressions and level to undulating areas. 

Drainage problem is very common in many areas of project command having Vertisols. The major characteristics of such soil are rock hard when dry affecting the roots of the crops and very sticky when wet and have high water holding capacity. The productivity of such soils is low.   Lands are very poor due to drainage problem. 

4.1.4. Natural Hazards

Major natural hazards are erratic behavior of rainfall; hail storm, frost, drought and flood. In the project command, itself there is variation in rainfall pattern from year to year and some part get flooded and some remains dry affecting the crop productivity adversely. Under such situations there is need to have drought tolerant and flood resistant crops and their appropriate varieties to get high production and productivity.

4.1.5. Poorly Developed Research-Extension linkage 

Inadequate Extension Service and Poor or Inadequate Rural Credit In order to enhance productivity, a proven extension system needs to be developed for proper dissemination of these needs based input supported technologies. This requires more number of well-trained and fully equipped Development Agents, which is still inadequate. In general, the existing agricultural extension service in its expertise does not meet the present requirements for dissemination of proven technologies developed by the research system and requires intensive aim-directed special training. In general, farmers have explained that the assistant from the local DAs is very minimal. regardless of the agricultural input supply technical assistant on productivity improvement is very poor.
4.2. Potentials for Improvement

4.2.1. Farmers Attitude 

The technologically unaided systems of production that make use of little or no external inputs, do not only keep productivity very low, but also make farm operations physically arduous and time consuming. Reducing the extreme dependency on rainfall and the production risks associated with that through enhancing irrigated crop production, water harvesting and rational utilization available soil moisture, is another potential that should be extensively tapped.

4.2.2. Productions potentials

The existing farming systems being practiced in the project command is very traditional and lead to low level of output. Through proper utilization of resources, particularly the water resources and by solving, the other major agricultural constraints mentioned above, the current low level of production could be enhanced. The major potential areas requiring intervention are as mentioned below:

There is a good scope of development of agriculture under irrigated production system by exploiting the existing irrigation potential and utilizing the water resources. There is already indication of enhanced productivity per unit area by using the traditional and small-scale irrigations. However, the yields of the existing irrigated crops are not as high as expected with irrigated farming at present. The reason for this is lack of known-how among the farmers, lack of staff of relevant supporting institutions, inadequate extension agent coverage and lack of institutional support, absence of proper agricultural inputs (seeds, varieties, fertilizers, improved farm implements etc), lack of credit facilities, under developed rural infrastructures etc.  Thus to achieve good results and utilize the potential of the sector the irrigated agriculture is to be fully supported and the respective and relevant back up services must be strengthened specially related to extension and credit. 

These may be supported with quality seed and need based fertilizer application. Supply constraints and financial limitations at farm level pose a considerable hindrance to the simultaneous adoption of a comprehensive input package of fertilizers, improved varieties, quality seed and agro chemicals along with the adoption of improved package of production practices and soil moisture conservation. The increase in yield will solve the financial limitations and other constraints of small holders. 

To improve the productivity of small holdings, and to exploit the potential of the latest technologies and other inputs, the research extension linkage has to be made very strong, and the need based capacity building at all stages including the farmers is essential.

Diversification of cropping pattern is important in the project command both under irrigated and rain fed production system. There is good potential in the area to include cash and commercial crops along with the high value cereals, pulses and oil seeds. This may include coffee, fruits and vegetable crops, important cereals like rice and wheat, oilseeds like groundnut etc. The enhanced production of these may encourage the establishment of agro- industries in the area to benefit the people
5. PROPOSED IRRIGATED AGRICULTURE 

5.1.  Benefits of Kerfe Small Scale Irrigation Project

The implementation of the project will provide irrigation water to an area. This entails incremental production and diversification of crops. The productions of high value crops improve cash income of the households. Increased crop production and cash income will improve the diet and nutrition of the population. Apart from the scheme's beneficiaries, many other families in the surroundings will benefit from increased food crop production and possible labor opportunities in the irrigation fields. Because; the high cropping intensity requires additional labor and provides employment opportunities throughout the year, which would have been idle otherwise.

New farming practices and improved technology will be provided through the extension services of the project. As a result, apart from the benefits that it provides to direct beneficiaries, the project will also serve as demonstration of irrigation practice to the surrounding farmers.

5.2. Agricultural Development Scenarios and Options

The major target of the irrigation development study at any level is to prepare a sustainable project for the planners and decision makers for implementation. This can be achieved if agricultural development scenarios and options are seen from various angles to choose possible crop mix and farming enterprises available. 

5.2.1. Basis of Agricultural Development Scenarios and Options

5.2.1.1. Crop Selection

A key factor affecting the economic and financial viability of irrigation is selection of crops that are capable of producing high enough returns to meet the capital and recurrent costs of irrigation development. 

In the high and mid altitude ,the fact that rainfall is more or less sufficient to produce one rain-fed crop per year make irrigation benefits lower than  arid areas. Particularly crops such as cereals, pulses and oil seeds may not give high returns per ha, although they would still be profitable. Therefore, a possible scenario in good rainfall area is food and pulses to be grown under rain-fed if there is relatively good rain. However, under the condition of the present study area, as the area is run short of sufficient rainfall, selection of   major cash and food crops to be grown under irrigation will make irrigation more beneficial.

5.2.1.2. Agricultural Support Services 
Agricultural Inputs

Crops’ input requirements in terms of labor, draft power, seeds, fertilizers and agro-chemicals have been estimated based on current practices in the country. But adequate and timely supply of the inputs, particularly improved seeds and fertilizers is very important for 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, rural credit, farmers’ active participation, on- farm demonstrations and trials.   
Product Marketing

Marketing of agricultural products in general and vegetables in particular require a well-organized marketing infrastructure. These include all-weather roads, efficient transport system, market centers 
Irrigation Extension and Training

Agricultural extension and training is the non formal two ways process where farming community and extension workers learn from each other with the aim of improving the livelihood of the farmers through a better method of agricultural production system.

5.3. Crop Planning 

A cropping pattern shows crops that are grown, cropping intensity and percentage of each crop grown, when it is planted and when it is harvested. 

5.3.1. Criteria’s for Selection of Crops and Cropping Pattern

Among many selection criterions set for irrigated crops and cropping pattern, the following are the major decisive factors.

5.3.2. Land  and Climatic Suitability of the Area 

According to the current assessment, the climatic situation of the project area is not a limiting factor for production of the selected crops.
Land suitability 
5.3.2.1. Soil Factors 
Effective Soil Depth

The net command area identified in the study area are pellicvertisol 28 ha :- >120 cm in their depth.  As a result, soil is not a limiting factor in soils of the study area. 

Soil Texture

The soil textural classes of the command areashowed minor similarity within the horizons. Soil texture in both surface horizon and subsurface horizons are clay.Usually, the soil of the study area is finer in texture and identified as clay texture across all horizons. The soil textural classes are used to characterize soil physical make-up, having a bearing on such soil behaviors as nutrient and water holding capacity, OM level and decomposition, aeration, infiltration rate, drainage and/or permeability and workability (Brady and Weil, 2002). 

The sand fraction of the soils of the study area ranged from 29% in the 0-20 cm depth and 31% in the 20-70 cm depth of the described Profile.

Similarly, the silt ranged from 24% in the 0-20 cm depth and 18% in the 20-70 cm depth of the same profile. The clay fraction ranged from 47% in the 0-20 cm depth and 51% in the 20-70 cm depth of profile.

 Infiltration rate

Infiltration refers to the vertical intake of water into a soil, usually at the soil surface, and measurements rate form a vital part many survey involving irrigation development or soil conservation (Landon, 1991). Infiltration rate is mainly affected by texture of the soil and other properties of the soil such as organic matter content and structure of the soil. Infiltration is the measurement of vertical intake of water into a soil at the soil surface. Soils are considered non arable if the IR is less than 0.1cm/h. Infiltration rates between 0.1 and 0.2cm/h are undesirable as surface waste becomes excessive or ponding reduces crop yield. The optimum rates for gravity irrigation are between 0.7 and 3.5 cm/h. Infiltration rates in excess of 12.5cm/h is generally mean that gravity irrigation is not practicable due to water distribution problems and excessive deep percolation. The following table shows the results of infiltration tests of the soils.

Table 15: Infiltration Test Results.

	No
	Surface Texture
	Infiltration rate (cm/hour)

	
	
	Minimum value
	Average value
	Maximum value

	Clay
	0.67
	0.78
	0.88


Field Capacity (FC)

Field capacity (FC) of a soil is the maximum water content the soil will hold following free drainage. FC is the upper limit of available soil moisture under irrigation. It does not therefore correspond to a fixed soil-water potential, but instead represents the condition of each individual soil after the larger pores have drained freely under gravity (Landon, 1991). The field capacity of the soils of the command area matches 311.3 mm m-1. The table shows the field capacity results of the study area versus texture.

Table 16: Field Capacity Result versus Soil Texture.

	No
	Soil Texture
	Field capacity (mm m-1)

	Clay
	311.3


Permanent wilting point (PWP)

Permanent wilting point (PWP) is the soil moisture content at which plants can no longer obtain enough moisture to meet evapotranspiration requirements and remain wilted unless water is added to the soil. In other way round, the permanent wilting point (PWP) is arbitrary defined as the soil moisture content at which the leaves of sunflower plants wilts permanently, i.e. when they do not recover their turgor if subsequently placed in a saturated atmosphere. The permanent wilting point is taken as the lower limit of available water so that water in drier soil is assumed to be not available to plants (Landon, 1991). The PWP of the soils of the project area reaches 287.6.

Table 17: Permanent Wilting Point.

	No
	Soil Texture
	permanent wilting point (mm m-1)

	Clay
	287.6


Available water capacity and readily available water Capacity

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

AWC=[image: image8.png]
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Table 18: Available Water Capacity (AWC)

	Soil Texture
	AWC mm/m
	RAWC mm/m

	Clay
	181.4
	121.54


The above values were derived from the representative samples for the study area. The higher values of the available water capacity may be because of the higher organic matter content of the soils, soil structure and like. 

Organic Carbon (OC)

The organic carbon contents of the soils of the study area are in the range of 1.14% to 1.30% (1.22% average) and it is rated as low level. The organic matter content can be obtained by multiplying the value of organic carbon by 1.72% and can be used to as a measure of fertility status of the soil. Using the above conversion method, the average organic matter content of the surface soils of the study area is 2.24% as well rated as low level (Tekalign, 1991). In general, the OM content decreased consistently with increase in soil depth. This may indicate a relatively better accumulation of decomposable organic materials in the surface horizons than in the subsurface ones.

Total Nitrogen (TN)

Total nitrogen content of surface horizon and subsurface horizon of the described profile in the project area is similar i.e. 0.15%.  Commonly, soil TN contents within horizons in study area are rated as low level based on the ratings made by Landon (1991). 

Available Phosphorus (P)

Available P distributions varies with depth within a profile were observed in soils of the Kerfe irrigation site.  Available P decreased with soil depth in the described Profile.  The available P distribution with soil depth closely followed that of the OM trend. Available P ranged from 0.3 mg kg-1 to 1.84 mg kg-1 in the surface and subsoil horizons. 

According to the ratings by Landon (1991), the available P contents of the study area are generally at low level throughout the horizons. 

Available potassium (K)

Variable distributions of available K with depth within a profile and across profiles were observed in soils of the Kerfe small scale irrigation project. Available K ranged from 3.36 mg kg-1to 7.80 mg kg-1 in the surface and subsurface horizons. The results indicate that available K in the soils of Kerfe irrigation site is not limiting factors but it requires different amendment actions in order to maintain the optimum level of the nutrient in sustainable bases.
K content of a soil depends primarily upon the parent material and degree of weathering (Hesse, 1972).
Cation Exchangeable Capacity

Cation Exchangeable Capacity (CEC) of the soil of the study area was variable within horizons. So, in the surface and subsurface horizons of the soils of the study area, CEC ranged from 42.9cmol (+) kg-1 to 43.2cmol (+) kg-1. According to Landon (1991) ratings, the CEC value in the soils of the study area is high. Thus, the value of CEC in the soil of the study area is an important indicator for both soil fertility/nutrition studies and for soil genesis and thus widely used in soil classification (Buolet al., 1997). Generally, CEC in the soils of the study area has indicated an increasing trend with depth.

5.3.3. Market Condition and Market Value of Crops

With the expectation of the improvement of the current marketing system which is influenced by brokers («Delalas») that the project beneficiaries used to complain, the transport and market condition in and around the project area are relatively suitable. The selected crops can thus fetch good market price and improve the income and livelihood of the farming community.

5.3.4. Crop Production per Unit of Area and Length of Growing Period 

Crops vary in their productivity per unit of area and length of growing period. Majority of vegetable crops have shorter length of growing period than grain crops .But productivity per unit of area of vegetable crops is much higher than grain crops.

5.3.5. Attitude of Farmers

 Agricultural knowledge of farmers and attitude of farmers towards irrigation and crop type is positive towards the intended project.Even though there is no modern irrigation scheme in the area, farmers have good experience in traditional supplementary irrigation and some of the selected crops are grown in and around the project area.

5.3.6. Crop Diversification and Soil Fertility Management 

Crops diversification helps to minimize the following risks in crop production 

Crop selective pest out break and associated yield lose 

Crop yield lose due to less adaptability to any climatic change 

Yield lose due to less soil fertility and continous mono cropping

Water shortage at critical water demand of crops

Food shortage and associated nutritional and economic problem 

5.3.7. Availability of Labour 

According to the present assessment, there is no labour shortage for production of the crops Available labour is sufficient to engage in different agricultural operation including land preparation, planting, weeding, irrigation, harvesting and post harvest operations.

5.3.8. Method of irrigation  

The command area is dominantly to have gently undulating topographic condition. This topographic nature is suitable for surface irrigation using furrow method employed for most of the selected crops.

5.3.9. Food Demand and Food Sufficiency Vis-À-Vis Food Security

Due to the unreliable and insufficient rainfall and backward agronomic management practices in and around the project area, the local community is exposed to food shortage. Therefore, if agronomic management practices are improved, the selected crops would help in sustaining food self-sufficiency and security.

5.3.10. Availability of Agricultural Improved Inputs (Seeds, Fertilizers and Chemicals)

Based on the government direction of boosting agricultural production, manufacturing, distribution and utilization of agricultural inputs is getting momentum. Thus, if the farmers knowhow and the market conditions of the inputs are improved, availablity of inputs contribute to improve productivity of the crops 

5.3.11. Existence of Research and Extension Work on the Crops and Related Technologies 

Many  research works  are done in other places having similar agro ecology  on most of the selected crops  though research gaps on irrigated agronomy  are reflected .Therefore, if the gaps and extension works are improved ,the crops would  contribute for  improvement of  the  community livelihood.

5.3.12. Possibility for Crop Rotation and Fallow Requirement

The crop selection includes legume crop/s possibly to rotate with cereals and horticultural crops for fertility improvement .It tend also to fallow the land so that the total biomass would help as feed source for the local cattle population. 
5.4. Proposed Cropping Pattern and intensity
The proposed cropping pattern is determined using the above described criterion. Keeping the long experience of growing and consuming maize, priority has been given to select maize as the most productive cereals like due to their high yield potential and good response to irrigation. These crops, accordingly, have been given due importance in proposed cropping patterns. Therefore, based on the suitability, reasonable percentage of fruits and vegetables has been included in the cropping pattern.  The production of vegetables like tomato and potato will help in the promotion of agro-industries for production of tomato and potato products for their exports to neighboring countries. Therefore, it has been proposed to grow vegetables throughout the year as a part of the cropping pattern for maintaining the continuous supply of materials for processing. The pulses play an important role in nutritional security providing adequate proteins in the human diet and improve the soil fertility, by rhizobial nitrogen fixation from the atmosphere.  However, national consumption of pulses is low but there is considerable export market.  Therefore, the pulse crops have been included as a component of the cropping pattern to sustain the crop productivity and part of nutritional security.

The proposed crops were brought about to the crop suitability evaluation with the results of the soil study under the appropriate crop environmental requirements.  

Table 19 :Climatic and Soil Requirements for Major Irrigated Crops
	Crop
	Altitude 
	Temperature requirements for growth, oC
	Specific climatic requirements/constraints
	Soil requirements
	Sensitivity to salinity

	Cabbage
	500 – 3000
	15- 20 (10- 24)
	Short periods of frost (-6 to –10oC) are not harmful; opt. RH =60- 90 %
	Well- drained; opt.pH = 6.0- 6.5
	Moderately sensitive

	Maize
	1000-2000
	24- 30 (15- 35)
	Sensitive to frost; for germination temp. >10oC; cool temp. causes problem of ripening
	Well- drained and aerated soils with deep water table and without water logging; opt. pH =5.0-7.0
	Moderately sensitive

	Onion
	700-2400
	15- 20 (10- 25)
	Tolerant to frost; low temp. ( <14 –16oC) required for flower initiation, no extreme temp. or excessive rain
	Medium- texturedsoil; pH = 6.0- 7.0
	Sensitive

	Pepper
	1400-2000
	18- 23 (15- 27)
	Sensitive to frost
	Light to Medium-textured soils; pH = 5.5- 7.0
	Moderately sensitive

	Potato
	1500-2800
	15- 20 (10- 25)
	Sensitive to frost; night temp. < 15 oC required for good tuberinitiation
	Well- drained, aerated and poroussoils; pH = 5.0- 6.0
	Moderately sensitive

	Tomato
	1100-1800
	18- 25 (15- 28)
	Sensitive to frost; high RH, strong wind; optimum night temperature 10- 20 oC
	Light loam, well-drained without water logging; pH= 5- 7
	Moderatelysensitive


5.4.1. Proposed Cropping Intensity

The overall objective of the project is to maximize the utilization of the land and water and that all the beneficiaries are capable of implementing the proposed program in terms of supplying the labor and other inputs required. It is desirable for the cropping intensity to approach 200% i.e. all the irrigable land is to be double cropped over one cropping calendar year.  Hence, the cropping intensity of about 200% is proposed for the project in two cropping patterns over one calendar year and it is shown on the table below.
Full Irrigation (Dry season)

Proposed irrigation pattern   consisting potato, maize, tomato, pepper onion and cabbage is presented in Table 22, below. Likewise the supplementary irrigation is given in Table 23, below.
Table 20 Proposed cropping pattern and intensity for the project
	 No
	crop
	Year1

 
	year2

 
	 

 
	year4

 
	 

 

	
	
	%
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 

	1
	potato 
	30
	50
	11.7
	120
	11.7
	250
	11.7
	280
	11.7
	300

	2
	Maize
	20
	35
	7.8
	45
	7.8
	60
	7.8
	60
	7.8
	60

	3
	Onion
	10
	180
	3.9
	250
	3.9
	350
	3.9
	350
	3.9
	350

	4
	Tomato
	10
	150
	3.9
	200
	3.9
	250
	3.9
	280
	3.9
	300

	5
	Pepper
	10
	20
	3.9
	22
	3.9
	25
	3.9
	25
	3.9
	25

	6
	Cabbage 
	20
	80
	7.8
	180
	7.8
	275
	7.8
	275
	7.8
	275

	 
	Total 
	100
	 
	100
	 
	100
	 
	100
	 
	100
	 


Supplementary Irrigation 
Table 21 Proposed Cropping Pattern and Intensity For The Project
	 No
	crop
	Year1

 
	year2

 
	 

 
	year4

 
	 

 

	
	
	%
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 
	ha
	Yield qt/ha 

	1
	potato 
	30
	50
	11.7
	120
	11.7
	250
	11.7
	280
	11.7
	300

	2
	Maize
	20
	35
	7.8
	45
	7.8
	60
	7.8
	60
	7.8
	60

	3
	Onion
	10
	180
	3.9
	250
	3.9
	350
	3.9
	350
	3.9
	350

	4
	Tomato
	10
	150
	3.9
	200
	3.9
	250
	3.9
	280
	3.9
	300

	5
	Pepper
	10
	20
	3.9
	22
	3.9
	25
	3.9
	25
	3.9
	25

	6
	Cabbage 
	20
	80
	7.8
	180
	7.8
	275
	7.8
	275
	7.8
	275

	 
	Total 
	100
	 
	100
	 
	100
	 
	100
	 
	100
	 


5.5. Crop Rotation

Vegetables, like all crops should be rotated. The principal aims of crop rotation are reducing the build up of soil borne diseases, insect pests and nematodes; minimizing weed infestation and increased crop yields, maintaining soil fertility, protection of soil erosion, increasing nitrogen content in the soil, sustain proportional utilization of soil nutrients by crop plants, allowing crops to plant in sequential order considering their characteristics. Therefore, the following are important factors to be considered in establishing crop rotation cycle: Selection of crops considering the soil and climatic conditions of the area, inclusion of legume crops in the rotation cycle in order to improve the soil fertility, putting crops in their sequential orders by considering their root systems and nutrient uptake behaviors of crops, in putting crops in sequential orders it will be vital to consider weed situation of the area, disease and insect pest infestation nature of crop in order to reduce weed problem, and minimizing disease and insect pests build up in the soil, considering market situation and cultural practices of the area and further it is necessary to check whether the crop selected for planting will grow during the season of the year for which it is scheduled or not. 

Whenever possible vegetables from the same families should not be grown in the same field year- after- year, at least there must be allowed 2 to 3 years elapse between crops of the same family. It is particularly important that the solanaceous crops such as tomato, potato, pepper and eggplant should not follow each other on the same field. Similarly, the same applies to cucurbits family such as melon, cucumber, pumpkin and squash. In addition, deep-rooted crops should follow shallow rooted vegetable crops in order to improve the efficient utilization of nutrients by the crops. The inclusion of legumes in a rotation has the added advantage of improving soil fertility by adding nitrogen to the soil through the activity of nitrogen- fixing bacteria which are associated with the roots of legumes and if residues are turned to the soil some of the nitrogenous material remaining in the roots and other plant parts will contribute to soil fertility. In order to establish and obtain optimum yield it is important to keep records, of which indicate the crop type sown previously in each field to plan the new crop to be planted in the same field.

Whether under rain fed or irrigation condition, crop rotation program is an integral part of the scheme. The following crop rotation scheme had been proposed with the assumption of 

Improvement of soil productivity by inclusion of a legume crop to promote fixation of nitrogen as well as the improvement of the soil physical characteristics by way of adding plant residues.

Reducing   disease and insect pests out breaks due to crop rotation especially for soil born  host specific pests 

To save some crop products in times of crop failure due to mainly environmental calamities 

 Optimal use of available water 
Table 22 Proposed Crop Rotation
	Year
	Crop rotation cycle

	1
	Potato
	Maize
	Cabbage 
	Tomato

	2
	Tomato 
	potato
	maize
	Onion 

	3
	Pepper 
	Cabbage
	potato
	maize

	4
	cabbage 
	Onion 
	Onions
	Pepper

	5
	maize
	tomato
	Tomato
	Cabbage


Whether under rain fed or irrigation condition, crop rotation program is an integral part of the scheme. The above crop rotation scheme had been proposed with the assumption of; 

Improvement of soil productivity by inclusion of a legume crop to promote fixation of nitrogen as well as the improvement of the soil physical characteristics by way of adding plant residues.

Reducing   disease and insect pests out breaks due to crop rotation especially for soil born  host specific pests 

To save some crop products in times of crop failure due to mainly environmental calamities 

 Optimal use of available water 

5.6. Proposed crop husbandry /Cultural practices

Crop husbandry / Cultural practices is the operation of  different activities of crop production like seed bed preparation, sowing, weeding, harvesting, storage and etc are performed.

5.6.1.  Seed bed Preparation / Ploughing

Proper seed bed preparation is one of the most important cultural practices. It influences the level of crop yields as it promotes proper seed germination, better root development and uniform crop establishment.  Moreover, good seed bed preparation also plays a significant role in minimizing the development and severity of pests including weeds, insects and diseases. 

In general, farmers in the areas are used to begin land preparation after harvesting of the last season crop as soon as they receive small rain shower, usually between March and May months. Since then, they repeatedly plow till the immense of next cropping season, /June/. Ploughing in and around the project area is done with the traditional plough the “Maresha” which only breaks a very shallow surface of the top soil without turning it. This operation is carried out with the help of the ox-drawn implement.

Oxen are the major animals used for plouhging in and around the project area. Donkeys and mules are also used for ploughingin the area by a few farmers. Most of the farmers own a pair of oxen.The frequency of ploughing, however, depends on the soil type and the type of crop grown. According to the kebeles development centers, two to four ploughings are commonly practiced for most the crops produced in the area. Ploughing commences at the beginning of April and continuous up to the end of June.   

5.6.2. Planting/sowing

Planting period is governed by seed bed preparation and the availability of sufficient soil moisture.  The commonly practiced sowing times in the area are from beginning May up to mid July for the major crops produced in the area by rain fed agriculture. Broadcasting of seeds and covering by passage of the “Maresha” at shallow setting is the common practice in the areas. Seeds of local varieties usually saved from previous harvest are used while very few farmers have used the improved seeds supplied by Agriculture development office of the wereda. The development agents give advices for the farmers on the time of planting and utilization of inputs.
5.6.3. Maintaining Proper Sowing Depth

 Depth of sowing is an important aspect for establishing a good crop stand. Shallow or deep sowing results in lesser plant population, as all seeds do not germinate. The crop shows uneven spread of plants with large number of gaps, and serious weed problem. It is therefore, essential to sow the crop at optimum depth for obtaining good crop stand.
Factors that Influence Sowing Depth

Seed size

Crops with bigger-size seeds like groundnut, castor and sunflower can be sown even up to a depth of 6 cm. Small-size seeds like tobacco, chillies and ragi have to be sown at shallow depth, the optimum depth of sowing for most of the field crops is 3-5 cm. 

Moisture status of the soil 

It is customary to seed deep in dry soil in order to place the seeds in content with moisture. To small-size seeds at shallow depth, because the surface soil dries quickly and germination may not occur due to lack of moisture. Therefore small-size seeds which are sown shallow, should be watered frequently to endure good emergence of crop, if the seeds sown deep in the soil, the seed reserve may not be sufficient to put forth long coleoptile for emergence.

Soil type 

Seeds will emerge from greater depth on sandy soil than in clay soil, and in warm soil than in cold soil. Approximately one-quarter inch in heavy soil on one-half inch in sandy soil is the most satisfactory depth for seeding small-seeded legumes and grasses under optimum condition. 

5.6.4. Methods Used To Maintain Sowing Depth

· Make soil preparation well. The surface of soil should be made level or feat.

· When drilling on dibbling, the depth of rows or holes must be the same. The cover of soil should be same deep.
· Sow with the planter, adjust it into the required depth.

5.6.5. Applying Appropriate Sowing Method

Direct Seeding

It may be done by broadcasting, drilling and dibbling or planting.

(1) Broadcasting: In broadcast method the seeds are spread uniformly over well-prepared land by plouphing or planking. Broadcasting may be done by land, mechanical spreader. Broadcasting is suitable for close-planted crops that do not require specific crop or plant geometry. When the number of plants per unit area is more important than definite spacing from plant to plant. This is the usual method of sowing. Fodder crops such as Lucerne, berseem, methi, and oat, as well as and several grasses, are also sown by broadcasting. Spices like coriander and cumin are also sown by this method.

Broadcasting has several limitations. When seeds fall at different depths it results in the uneven stand. Seeds at shallow depth emerge early if moisture is available. Seeds fallen deep in the soil may not germinate or may emerge after a considerable period of time. The seeds fallen more than 10 cm deep may not germinate at all. Thus there is a lot of wastage of seeds and agricultural operations like weeding, hoeing, and earthing-up, and bullock-drawn implements cannot perform well. The plant population becomes sparse at some places and overcrowed at other.

(2) Drilling: Drilling is the practice of dropping the seeds in rows or lines. Furrows at specified distances are made, and the seeds are dropped at a definite depth and distance, covered with soil and are compacted. Seeds can be drilled with the help of seed drills (bullock or tractor-drawn) and seeding funnels attached with country plough. Seeds and fertilizers both can be drilled simultaneously with the use of seed-cum-fertilizer drill. Crops such as wheat, barley, mustard, upland rice, sorghum, kharif pulses, safflower, gram, sesame, and taramira are sown by drilling. However, this method require more time, energy and cost. But it maintains a uniform plant population per unit area, which reduces the competition between plant and also reduces seed rate.
(3) Dibbling or planting: This method consists of putting or placing individual seed or seed material in a hole or pit, made at pre-determined spacing and depth by manual labour or with the use of mechanical dibbler or planter. Generally the crops with bigger size seeds and those needing wider spacing and specific crop geometry for their canopy development are sown by this method. Seeds may be dibble in level field or ridges or in localized pit or pocket, that form hills. This method is suitable for planting maize, potato, sunflower, sugarcane, sugarbeet, onion, garlic, ginger etc. It is more labourious, time consuming and expensive compared with broadcasting and drilling but it require less seed and gives rapid and uniform germination with good seedling vigour. 

Nursery Raising And Transplanting 

Under intensive cropping and other situations when more than one crop is grown in a year on same piece of land, the field is not vacated by the crop at appropriate time to plant the next crop. It becomes necessary that the time occupied by each crop is reduced considerably. Secondly, many crop seeds are very small and their seedling in initial stages are susceptible to drought, diseases, insect pests etc., and hence require special care. Taking care of germinating seeds or seedling over a large area of the field is a problem with regards to application of water, weed control, pest control etc. therefore seeds are sown in a small area, called nursery, to raise the seedlings. When seedlings attain proper size and age, these are pulled out from nursery and transplanted in a well-prepared field. Thus nursery raising and transplanting is completed in three steps, viz. nursery raising, uprooting or pulling of seedlings, and transplanting.

(1) Nursery raising: A nursery bed is an area where seeds are sown densely to germinate and emerge. Buds, roots or other propagules are allowed to sprout and produce roots. They are nourished for a short period to enable them to grow into seedlings or transplants or other planting material until they are ready for transplanting in the field. The nursery bed may be dry or wet and may be raised, flat or flat with furrows. For obtaining healthy seedlings at proper time of planting for a given area, the following points should be taken into consideration:

· For preparation of a nursery bed a proper site should be selected. The site should be slightly elevated above the ground surface and should get bright sunshine for the whole day. It should be free from water-logging, trespassing and grazing by stray cattle. It should be near the irrigation souncre, with desirable type of soil.

· The seeds in nursery bed should be sown in advance, so that well-developed, healthy, uniform-size seedlings are ready at the time of transplanting. In general, seedling should bear four to five leaves at transplanting stage.

· The area of nursery bed for transplanting 1 ha area varies from crop to crop. For crop like rice 500-1000m2, onion 100m2, and tobacco 50m2 land area is required.

(2) Pulling of seedlings: pulling refers to uprooting of seedlings from the nursery bed. A few hours before pulling up the seedlings, the nursery bed should be watered well to moisten the root zone and to soften the soil sufficiently. Seedling of monocotyledonous crops like rice and onion are pulled and washed to remove soil from the root. Individual seedlings are not damaged. The seedling should be immediately used for transplanting, but if stored for some time they should be kept erect in moist and shady place.

(3) Transplanting: Seedlings are transplanted on a well-prepared and properly fertilized land. The best time of transplanting is late in the evening when day temperature cools down and humidity raises. Transplanting also can be done at any time of the day if it is cloudy, raining, drizzling or about to rain. Depending on the crop, proper row-to-row and plant-to-plant spacings should be maintained. At each point of hill two to three seedlings should be planted. The seedling in soil should be placed in such a way that roots have enough contact with moist soil. The soil around the root may be compressed lightly to provide more root-soil contact and remove the air gaps in the soil. The depth of transplanting should be shallow for rice and onion, and moderately deep for other seedling.

Table 23 Seed rate, fertilizer rate and Planting distance for the proposed crops
	 
	 
	 
	Fertilizer rate/ha
	Planting distance

	Types ofcrops 
	Types of improved seeds 
	Seed rate/ha (kg)
	DAP(kg)
	Urea(kg)
	Between rows (cm)
	Betweenplants (cm)

	Maize
	BH540
	25-30
	100
	100
	75
	25

	Onion
	Adama red, Bombay red
	3.5-4
	100
	150
	30
	10

	Tomato
	Marglobe, Melka Shola
	0.3
	150
	100
	100
	45

	Red Pepper
	Marakofana, Bako local
	0.75-1.0
	100
	100
	60
	40

	Head cabbage
	Copenhagen market
	0.35
	150
	50
	60
	40


5.7. Weeding

Weeds are plants growing where they are not wanted. Weeds cause low crop productivity by competing with the required crops for light, moisture, nutrients and space. Weeding is performed in the area from July to September and the frequency is mostly two to three times.  Hand weeding and chemical control are used in the area to control weeds. Weeding is usually delayed until weed plants attain certain heights to be grasped by hand at which time they have already caused substantial damage to crops. Weeding is further complicated due to broadcasting of seeds on the field. Application of chemicals especially 2.4-D and U-46 are used to control broad leaved weeds.Crop rotation practices are also mandatory in controlling weeds through rotation of specific herbicides and by rotating crops with different growth patterns.
5.8. Guarding

Guarding the crop against wildlife, domestic animals, birds, monkey and apes and any other environmentally and socially unsafe situations that devastate the crop is highly advisable
5.9. Soil Fertility Management

5.9.1.  Artificial Fertilizers

Crop rotation involving cereals and pulses, spreading decomposed animal dung on the farmland and compost are the organic methods of maintaining the soil fertility. Farmers in the area rarely apply farm yard manure(cattle dung )  to restore soil fertility. Commercial fertilizer and in a very rare cases traditional crop rotation are practiced in the area to improve the fertility of their farm land. The commercial fertilizers which are used in the area are mainly DAP and Urea that usually are not applied at recommended rates due to the lack of credit facility for agricultural inputs. i.e. only the farmers who have the capacity to buy the inputs on cash use and they apply below the recommended rate to cover a wide area of land. Recommended rates for the major cereals are 100kg DAP and 100kg Urea. The overall adoption rate of commercial fertilizers is very low and limited mainly to farmers participating in the extension package programs and few others that have the capacity to purchase. Fallowing of plots that is useful to maintain the soil fertility is widely reduced due to population pressure for food. 

5.9.2. Compost preparation 

As mentioned in the report, soil nutrient depletion is one of the issues identified in the project area. To alleviate this situation, compost preparation should be proposed in the irrigated farms. 

Assessing the quality of compost

A good compost shall meet the following criteria:

· contain no glass fragments or other visible foreign material

· have no objectionable odour

· contain at least 25% organic matter

· be stable-all microbiological processes should be complete

· contain low levels of heavy metal (Cu, Zn, Cd, Hg, and Pb)

· be able to pass through an 18mm mesh (course compost through 40mm mesh)

· have a moisture content below 35%

· have a final C:N ration of 29:1 or less.

Compost that satisfies the above stated criteria is more marketable. It is also equally important that market creation for such compost is likely to be one of the main determinants of the success and sustainability of this method of solid waste management.

 Animal dungs mixed with stalks, leaves of trees, branches of trees, grasses, fodder wastes, urine, washing water，and soil(about 15%) etc. piled in a manure pit, until it is well rotted (about 2-3 months in Ethiopia ). This is bulk organic manure, such as farmyard manure and solid manure.

(1) It should be well rotted

Can be mixed with fine calcium supper-phosphate to decompose for 2-3 months.

(2) Way of applying.

The content of N,P,K of often used organic manure

	Item /kind
	Statement
	N (%)
	P2O5 (%)
	K2O (%)

	Sheep dung
	Fresh
	0.75
	0.60
	0.30

	
	Dry matter
	1.78
	1.42
	0.71

	Horse dung
	Fresh
	0.50
	0.35
	0.30

	
	Dry matter
	2.08
	1.45
	1.25

	Cattle dung
	Fresh
	0.30
	0.25
	0.10

	
	Dry matter
	1.87
	1.56
	0.62

	Farm yard manure 
	Dry matter
	0.15
	0.30
	1.50

	Solid manure 
	Dry matter
	0.12-0.94
	0.14-0.60
	0.30-1.84


· As basal manure Before sowing:

· A kind of manure applied in bands or holes

· Recommended application rate: 37500—75000kg per hectare.

· As after manure: 

· A kind of manure applied in crop growing season

· Recommended application rate: 20000—30000kg per hectare.

· Especially fit for clay soil and sand soil.

· The amount of N, P, K included in it are shown in the table 5-1

5.10. Harvesting

Harvesting is performed depending on the physiological maturity of crops. Harvesting should be done when the crops reach full physiological maturity to avoid decay/shrinkage and shattering due to early and late harvesting, respectively. In the area harvesting begins mid September and extends up to end of December for the crops produced by rain fed agriculture.  

5.10.1. Post-Harvest technology and Storage

All the agricultural produces such as cereals, pulses, fruits and vegetables constitute food materials. After production and before consumption, all such type of food materials is subjected to several adverse physical and chemical factors. They are also affected by microbial and parasitic agents causing spoilages or lead to diseases when consumed. To prevent these losses (both qualitative and quantitative) and prepare food for immediate or future use some processing, preservation and storage practices are required. These practices require a multi dimensional perspective because food security is a physical, environmental, economic and social issue. This multi disciplinary approach for food security may perhaps be the simplest definition of post-harvest technology.  The post harvest technology includes various facets of processing after harvest including the rural level agro-processing. It is estimated that, due to non-availability of appropriate processing and preservation technologies and inadequate facilities for their handling, transportation and storage at least 12-15% or more food grains and 20-30% horticultural product are lost annually.

5.10.2. Storage 

Perish ability is responsible for high post-harvest losses and marketing cost, market glut, price fluctuation and other similar problems in marketing of fruits and vegetables.  Storage is an interim and a repeated phase in the complex logistics of transporting agricultural products from producers to processors and from processors to consumers.  Besides agricultural products like food grains need to be stored from one harvesting to next, thus demanding additional carry over as safeguard against a following crop of low yield or poor quality against speculation in price or market demand or against shortage and famines. 

The storage facilities in project command area are very primitive in nature. Hence, attract considerable losses.  In general the losses during storage operation alone accounts for 6-7% of production in food grains and as high as 20-30% in fruits and vegetables.  The value of investment and efforts needed to produce this much lost food material stands very high and require measures to reduce the same.  The storage losses are both qualitative and quantitative, affecting nutritive value of products.  Insects, rodents, spillage and fungal rot are the main causes in food grains losses.  Use of insecticides and pesticide may reduce the losses but the chemicals may enter in the food chain causing human health problem.  

The commonly used structures at the farmers’ households in Project command area are made of mud and straw, which are neither airtight nor insect proof resulting in 3-30% losses.  Hence, it has been proposed that metal bins made up of galvanized iron (GI) mild steel sheets, concrete bins or silos should be popularized at domestic - level grain storage.  They have the advantage of being air tight, durable and fireproof and practically maintenance free.  Most of the crops like paddy, wheat, barley, pulses etc. can be stored in such a closed structures.

The perishable products like onion; potato, fruits and vegetables are harvested at very high moisture content of 60-88% (wet basis), which limit their shelf life.  .

Onion is another important perishable crop creating problem of storage at the farmers’ level.  Several types of local storage structures used for onion have serious problems, which lead to 50-80% losses.  However, split-bamboo storage structures, ventilated bamboo structures, natural air - ventilated structures and forced-air ventilation type onion-storage structures can be developed at the farmers level.   For temporary storage of several other vegetables and fruits, a low-cost zero-energy cool chamber can be made popular.
5.10.3. Sorting and grading

Traditionally, farmers sort for self-consumption and market, based on their own grading systems. This traditional grading system has to be technically supported to sort products for marketing and consumption. The sorting/grading criteria may be based on colour, size, shape, presence of inert material, shrinkage, storage life, etc., depending on crop type and producers' preference.   Sorting/grading can be done by hand picking, sieving, or with grading machines. Having sorting the product, the lowest quality will be used for home/local consumption whereas the first grade/ higher quality/ product will be marketed.

5.11. Proposed Agricultural Inputs and Supporting Services

The use of different agricultural inputs in crop production plays a significant role in boosting up the yield of crops per unit area. Besides the inputs, the appropriate uses of improved agronomic practices also have got a great effect on crop husbandry. Thus, these two important factors should be integrated, which could be achieved through giving strong supporting services for the farmers. Strong extension services should be given to the farmers by the development agents on the utilization of inputs, improved agronomic practices, water, land, etc accordingly as proposed on the project. 

Since irrigated agriculture requires more inputs and power (labor intensive), continuous follow up by the development agents is needed to work with the farmers by initiating them timely. 

5.11.1. Seed production and demonstration plan

As stated earlier, shortage of seeds of improved varieties has become bottle-neck to crop production in the area. Therefore, it is highly advisable to establish seed production demonstration site within the command area. Orientation of production to markets and Introduction of highly productive new crop varieties is essential 

Implementing on-station and community based seed multiplication activities together with participatory adaptive research and technology dissemination to improve supply of seeds is one of the best options, which could be started at small level and scaled up eventually. 

Shortage of improved seeds is serious constraint to increasing crop production in the area. The type of seeds used by farmers within the area is local seed, which they have saved from the previous harvest. Thus, the main reasons for the low utilization of improved seed are the following.

· Shortage of improved seed 

· Lack of timely supply of high quality seeds;

· Limited distribution network and marketing system;

On the other hand, the general adoption of improved seed and other better production practices will tend to increase yield. In practice, it has been found that, it is usually wasteful of good resources to adopt improved seed alone. If it is used in combination with a package (improved seed, fertilizer, irrigation and improved cultural practices,) each innovation supports the other, the result is a higher and better production.

The objective of the smallholder seed multiplication project are to allow local farmers to be self-sufficient in terms of seed production and to produce as cash crop which can be marketed.

Considering the cultivated area of the basin the capacity of the existing multiplication center may not be enough to full fill the seed demand of the project area.
5.11.2.  Setting up of farmer research groups 

As mentioned, one of the constraints identified while assessing the existing crop production scenarios of the project area is poor research-extension-farmers linkage. Thus, to fill this gap, setting up of Farmers research groups (FRGs) is important which are responsible for conducting trials and verify suitable improved technologies by getting technical support and training from SMS from OIDA and Oromia Agriculture Research Center. 

5.11.3. Crop trials and demonstration 

Improved technology verification and suitability trials are planned to be carried out through the participation of the beneficiary farmers, woreda irrigation development offices, farmer’s research group and research centers.

5.11.4. . Improved seeds and fertilizers
Table 24 Seed rate, fertilizer rate and Planting distance for the proposed crops
	Types of 

crops
	Types of improved seeds 
	Seed rate/ha

 (kg)
	Fertilizer rate/ha
	Planting distance

	
	
	
	DAP

(kg)
	Urea

(kg)
	Between rows (cm)
	Between

plants 

(cm)

	Maize
	BH540
	25-30
	100
	100
	75
	25

	Onion
	Adama red, Bombay red
	3.5-4
	100
	150
	30
	10

	Tomato
	Marglobe, Melka Shola
	0.3
	150
	100
	100
	45

	Red Pepper
	Marakofana, Bako local
	0.75-1.0
	100
	100
	60
	40

	Head cabbage
	Copenhagen market
	0.35
	150
	50
	60
	40


Table 25 Cost of inputs used in and around the project area
	Crop
	Cost of inputs

(Birr/Qt)

	
	Seed
	DAP
	Urea

	Maize
	4032
	1400
	1150

	Onion
	1040
	1400
	1150

	Tomato
	2600
	1400
	1150

	Pepper
	3200
	1400
	1150

	Head cabbage
	840
	1400
	1150

	Potato 
	500
	1400
	1150


5.11.5. .Proposed Crop Pest Control and Management

General

Dense canopies and lush growth, typical of irrigated production, pose particular challenges in the field of plant protection. Certain pests and diseases considered minor in regular dry circumstances may become major in an irrigated setting. Plant sap composition in fertilized crops, shade and moisture typical of irrigated canopies provide an improved environment for different types of pests and diseases.

The specific measures used in efforts to control plant pests have been classified in several different ways such as biological, physical and chemical. 

Pest control mechanisms are designed to reduce damage to below economic threshold levels. Use of integrated pest management (IPM) is the most economical and environmentally safe method to reduce pest population to the economically acceptable level. Integrated pest management focuses on considering the ecosystem as a whole by combining cultural, biological and chemical methods to reach equilibrium in the production environment. IPM does not always work, mainly because intensive production is an unbalanced ecosystem by definition, and certain pests thrive well in that environment. Thus, chemical methods of control are also implemented when all integrated approaches are ineffective to reduce the population to an acceptable level or economic threshold.

Methods of Pest Management

The optimal method proposed to manage the existing pest population of the project area includes cultural operation such as: crop rotation, crop sanitation, routine use of resistant or tolerant crop varieties, good tillage practices, timely planting and harvesting, thinning, fertilizer application, water management, mechanical methods, including hand destruction of pests and other types of barrier and chemical methods.

Table 26  Chemicals required for crop protection
	Crops 
	Diseases
	Chemicals 
	Rate/ha

	Maize 
	Grey leaf spot (GLS), Leaf blight
	Mancozeb 80%
	2kg

	Tomato 
	Early blight
	Helcozeb 80%
	2kg

	
	Late blight
	Helcozeb 80%
	2kg

	Onion
	Downey mildew
	Mancozeb
	3.5kg

	
	Purple blotch
	Ridomil 
	3.0kg

	Pepper 
	Bacterial leaf spot
	Copper oxychloride 0.50%
	50g

	
	Powdery mildew
	Kocide 0.2%
	20g

	 
	Insects 

	Maize
	Stalk borer 
	Carbaryl 85% Wp
	1.5kg

	
	Army worm
	Malathion 50%
	1.5kg

	Tomato 
	Cutworms
	Symbush or carbaryl 85% wp
	2.0lt

	
	Aphids
	Endosulphan 40%
	2.0lt

	Onion
	Onion thrips
	Cypermethrin 10% EC
	0.5lt

	Cabbage 
	Aphids, leaf miners, cut worms
	Malathion 50%
	1.5kg


*The average unit cost of chemical is 220 birr

5.11.6. Seasonal and annual seed requirements

Seasonal distribution of improved seed demand would have important role in input supply management and procurement process to provide the seeds at the required time for the farmers. Then indicating the amount of seeds for dry and wet seasons is necessary for the project managers and irrigation users’ cooperatives. Thus, the calculated seed requirements of the proposed crops based on the seasonal allocation of cropland and seed rate is described as follows. 

Table 27Summary of seed requirement for first year
	Crop
	Seed rate (kg/ha)
	Full irrigation
	Wet season 
	 
	Potential sources

	
	
	Area(ha)
	Dry season (qt)
	Area(ha)
	Wet  season (qt)
	Annual total seed requirement(qt)
	 

	Maize
	30
	7.8
	234
	7.8
	234
	468
	 

	potato 
	1800
	11.7
	21060
	11.7
	21060
	42120
	 

	Onion
	4
	3.9
	15.6
	3.9
	15.6
	31.2
	 

	Tomato
	0.3
	3.9
	1.17
	3.9
	1.17
	2.34
	 

	Red Pepper
	1
	3.9
	3.9
	3.9
	3.9
	7.8
	 

	Head cabbage
	30
	7.8
	234
	7.8
	234
	468
	 


5.11.7. Fertilizer requirements

There is an intimate relationship between soil moisture and nutrient availability, the greatest benefits from fertilizer application can be obtained under irrigated conditions. Literatures, noted that there is a significant correlation between soil moisture regime, fertilizer requirement and availability of fertilizer for plants use. The experiments revealed that the mineralization of nitrogen increases as the water content of the soil increases from permanent wilting percentage to field capacity. as the fertilizer nitrogen is applied to the surface soil, it uptake is inhibited when the soil dries. water use efficiency is raised by fertilizer which increases dry matter production. 

For instance in case of phosphorous element, under optimum moisture level the availability of phosphorous to plants is increasing, however, excessive soil moisture may reduce p absorption possible because of reduced aeration and root penetration. 

It is believed that applications of appropriate and required quantity of fertilizers has remarkable contribution to the plant water use efficiency and ultimately increase the productivity of the crops.

Table 28 seasonal and annual fertilizer requirement for first year
	Crop
	Areaa (Ha)
	 
	Full irrigation
	Wet season
	Total requirement (Qt)

	
	
	Rate of DAP/ha
	DAP
	Rate of Urea /ha
	Urea (Qt)
	Sub total
	Area (Ha)
	DAP
	Urea (Qt)
	Sub total
	

	
	
	(kg)
	(Qt)
	(kg)
	
	
	
	(Qt)
	
	
	

	Maize
	7.8
	100
	780
	100
	780
	 
	7.8
	780
	780
	 
	 

	Potato
	11.7
	200
	2340
	150
	1755
	 
	11.7
	2340
	1755
	 
	 

	Onion
	3.9
	100
	390
	150
	585
	 
	3.9
	390
	585
	 
	 

	Tomato
	3.9
	150
	585
	100
	390
	 
	3.9
	585
	390
	 
	 

	Red Pepper
	3.9
	100
	390
	100
	390
	 
	3.9
	390
	390
	 
	 

	Head cabbage
	7.8
	150
	1170
	50
	390
	 
	7.8
	1170
	390
	 
	 


Table 29 seasonal and annual fertilizer requirement of agrochemicals 

	 
	Full irrigation
	Wet season
	 

	 
	 
	Area considered(Ha)
	Rate ofapplication
	 
	Dry seasonrequirement
	 
	 
	Wet  seasonrequirement
	Annual
requirement

	Crop
	Area(Ha)
	 
	( lt, kg /ha)
	Unit cost
	Quantity(qt)
	Cost(birr
	Area(Ha)
	Area considered(Ha)
	Quantity(qt)
	Cost(birr
	Quantity(qt)
	Cost(birr

	Maize 
	7.8
	2.3
	2
	220
	4.68
	1029.6
	7.8
	2.34
	2
	220
	4.68
	1030

	potato
	11.7
	3.5
	1.5
	220
	5.265
	1158.3
	11.7
	3.51
	1.5
	220
	5.265
	1158

	Onion 
	3.9
	1.2
	2
	220
	2.34
	514.8
	3.9
	1.17
	2
	220
	2.34
	515

	Tomato
	3.9
	1.2
	3.5
	220
	4.095
	900.9
	3.9
	1.17
	3.5
	220
	4.095
	901

	Pepper
	3.9
	1.2
	0.05
	220
	0.059
	12.87
	3.9
	1.17
	0.05
	220
	0.0585
	12.9

	Cabbage    
	7.8
	2.3
	1.5
	220
	3.51
	772.2
	7.8
	2.34
	1.5
	220
	3.51
	772


5.11.8. Labor requirement

Under traditional and smallholder farming system human labor is a major and determinant input for agriculture, out of total labor requirements family labor taking major share while extra labor covers the remaining labor demand. the indicative labor requirements per hectare for selected crops is depicted on the table as follows.

Table 30 labour requirement for “with-project” condition per hectare
	No
	Crops
	Activities
	Unit
	Frequency
	Quantity
	Total
	Unit price (Birr)
	Total Price
	Area(ha)
	 total cost 

	1
	Maize 
	Ploughing
	MD
	2
	8
	16
	50
	800
	7.8
	6240

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	7.8
	1560

	
	
	Planting/Sowing
	MD
	1
	8
	8
	50
	400
	7.8
	3120

	
	
	Irrigation 
	MD
	7
	4
	28
	50
	1400
	7.8
	10920

	
	
	Cultivation/Weeding
	MD
	3
	15
	45
	50
	2250
	7.8
	17550

	
	
	Fertilizer application
	MD
	2
	8
	16
	50
	800
	7.8
	6240

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	7.8
	1560

	
	
	Harvesting
	MD
	1
	30
	30
	50
	1500
	7.8
	11700

	
	
	Threshing
	MD
	1
	20
	30
	50
	1500
	7.8
	11700

	
	
	Transport 
	MD
	1
	8
	8
	50
	400
	7.8
	3120

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	73710

	2
	potato
	Ploughing
	MD
	2
	8
	16
	50
	800
	11.7
	9360

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	11.7
	2340

	
	
	Sowing 
	MD
	1
	8
	8
	50
	400
	11.7
	4680

	
	
	Irrigation 
	MD
	6
	4
	24
	50
	1200
	11.7
	14040

	
	
	Cultivation/Weeding
	MD
	3
	15
	45
	50
	2250
	11.7
	26325

	
	
	Fertilizer application
	MD
	1
	8
	8
	50
	400
	11.7
	4680

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	11.7
	2340

	
	
	Harvesting
	MD
	1
	20
	20
	50
	1000
	11.7
	11700

	
	
	Transport 
	MD
	1
	5
	5
	50
	250
	11.7
	2925

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	78390

	3
	Onion 
	Ploughing
	MD
	3
	8
	24
	50
	1200
	3.9
	4680

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Seedling preparation 
	MD
	1
	40
	40
	50
	2000
	3.9
	7800

	
	
	Transplanting
	MD
	1
	30
	30
	50
	1500
	3.9
	5850

	
	
	Irrigation 
	MD
	11
	4
	4
	50
	200
	3.9
	780

	
	
	Cultivation/Weeding
	MD
	3
	20
	60
	50
	3000
	3.9
	11700

	
	
	Fertilizer application
	MD
	2
	8
	16
	50
	800
	3.9
	3120

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Harvesting
	MD
	2
	20
	40
	50
	2000
	3.9
	7800

	
	
	Transport 
	MD
	1
	20
	20
	50
	1000
	3.9
	3900

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	47190

	4
	Tomato
	Ploughing
	MD
	3
	8
	24
	50
	1200
	3.9
	4680

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Seedling preparation 
	MD
	1
	40
	40
	50
	2000
	3.9
	7800

	
	
	Transplanting
	MD
	1
	30
	30
	50
	1500
	3.9
	5850

	
	
	Irrigation 
	MD
	9
	4
	36
	50
	1800
	3.9
	7020

	
	
	Cultivation/Weeding
	MD
	3
	20
	60
	50
	3000
	3.9
	11700

	
	
	Fertilizer application
	MD
	2
	8
	16
	50
	800
	3.9
	3120

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Harvesting
	MD
	2
	20
	40
	50
	2000
	3.9
	7800

	
	
	Transport 
	MD
	1
	20
	20
	50
	1000
	3.9
	3900

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	53430

	5
	Red Pepper 
	Ploughing
	MD
	3
	8
	24
	50
	1200
	3.9
	4680

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Seedling preparation 
	MD
	1
	5
	5
	50
	250
	3.9
	975

	
	
	Transplanting
	MD
	1
	30
	30
	50
	1500
	3.9
	5850

	
	
	Irrigation 
	MD
	14
	4
	56
	50
	2800
	3.9
	10920

	
	
	Cultivation/Weeding
	MD
	3
	20
	60
	50
	3000
	3.9
	11700

	
	
	Fertilizer application
	MD
	2
	8
	16
	50
	800
	3.9
	3120

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	3.9
	780

	
	
	Harvesting
	MD
	1
	30
	30
	50
	1500
	3.9
	5850

	 
	 
	Transport 
	MD
	1
	20
	20
	50
	1000
	3.9
	3900

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	48555

	6
	Head Cabbage
	Ploughing
	MD
	3
	8
	24
	50
	1200
	7.8
	9360

	
	
	Pre-Irrigation
	MD
	1
	4
	4
	50
	200
	7.8
	1560

	
	
	Seedling preparation
	MD
	1
	5
	5
	50
	250
	7.8
	1950

	
	
	Transplanting
	MD
	1
	30
	30
	50
	1500
	7.8
	11700

	
	
	Irrigation 
	MD
	19
	4
	 
	50
	0
	7.8
	0

	
	
	Cultivation/Weeding
	MD
	3
	15
	45
	50
	2250
	7.8
	17550

	
	
	Fertilizer application
	MD
	2
	8
	16
	50
	800
	7.8
	6240

	
	
	Protection
	MD
	1
	4
	4
	50
	200
	7.8
	1560

	
	
	Harvesting
	MD
	1
	20
	20
	50
	1000
	7.8
	7800

	
	
	Transport 
	MD
	1
	5
	5
	50
	250
	7.8
	1950

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	59670


Table 31 Proposed Oxen Day and Costs for the with project condition

	Crops
	Activities
	Unit
	Freq
	OD(Qty)
	Total(Qty)
	Unit price(Birr)
	sub Total price(Birr)
	area(ha)
	Total   price per crop(Birr)

	Maize 
	Ploughing 
	OD
	2
	8
	 16
	 54
	864
	7.8
	6739.2

	 
	Sowing 
	“
	1
	8
	 8
	54
	432
	 
	3369.6

	potato
	Ploughing 
	 
	3
	8
	24
	54
	1296
	11.7
	15163.2

	
	Sowing 
	 
	 
	 
	 
	 
	 
	 
	 

	Onion 
	Ploughing 
	«
	3
	8
	 24
	54
	1296
	3.9
	5054.4

	
	Sowing 
	«
	-
	-
	 
	 
	 
	 
	 

	Tomato 
	Ploughing
	“
	3
	8
	 24
	54
	1296
	3.9
	5054.4

	
	Sowing
	“
	-
	-
	 
	 
	 
	 
	0

	Red Pepper 
	Ploughing
	“
	3
	8
	 24
	54
	1296
	3.9
	5054.4

	
	Sowing 
	“
	-
	-
	 
	 
	 
	 
	0

	Head cabbage
	Ploughing 
	“
	3
	8
	 24
	54
	1296
	7.8
	10108.8

	
	Sowing 
	“
	-
	-
	 
	 
	 
	 
	 


OD = oxen day 

5.12. Crop yield Estimate and Production
Agricultural production estimate and crop yield projection are crucial output of agronomic study to explain the potential of the project to contribute to household food security and increased income. Incorporating the total production gain from the intervention is vital indictor of development which needs to be estimated to demonstrate the project potential in crop production. The yield and yield projection (yield build up) period is related to the rate of adoption of modern agricultural inputs and improved agricultural practices and management. Based on this fact, yield build up within five years is proposed for the project. It is considered that it could be achieved through collective impacts of improved farming practices, adequate inputs supply, effective pest management and viable technical and support services. The yield obtained in fifth year assumed to be continued up to the project life. 

5.12.1. Basis for yield estimation

Yield projection of the project shows the trends of the crop productivity over the project period. The estimation is based on multiple growing factors that determine the crop productivity of the project. Yield estimate could be determined by considering the proposed interventions and improved growing factors which vary between projects. The initial step is identifying major assumptions to be considered to set theyield at the first cropping year and for further projections. 

Some of common assumptions are listed but not exhaustive: 

Current yield under existing cropping system in the project area or similar ecologies to set the first year yield 

Yield potential of suggested crop varieties from research outputsproven on farmer’s plot

Yield obtained by model and progressive farmers. 

Regional and National average yields (can be from CSA agricultural reports) 

 Farmers’ experience in irrigated agriculture and their potential to use the proposed agricultural inputs

The anticipated commitment of the technical support from wereda and kebele agricultural offices

Comparative advantage of the project area for input distribution and marketing

Intensive follow up and adequate extension service to be undertaken

To estimate the yield build up of the project, the potential yield of different crops is assessed from the research works done under different conditions.

Table 32 Yield estimate and projection (qt/ha)

	Crop
	With-out

project
	Year 1
	Year 2
	Year3
	Year 4
	Year5
	Year 5+



	Maize
	43
	50
	60
	65
	65
	65
	65

	Onion
	130
	100
	250
	350
	350
	350
	350

	Tomato 
	147
	150
	200
	270
	270
	270
	270

	Red Pepper
	10
	12
	15
	18
	20
	22
	25

	Head Cabbage 
	57
	80
	180
	225
	250
	275
	300

	potato
	
	
	
	
	
	
	


6.  CROP WATER REQUIREMENT
Crop Water Requirement (CWR) is defined as the water needed for evapotranspiration from planting to harvesting for a given   crop in a specific climate.

The calculation of crop water requirement is a very important aspect for planning of any irrigation project.  Several methods and procedures are available for this.The Food and Agriculture Organization (FAO) of the United Nations has also made available several publications on this subject and other issues related with this.  As recommended in FAO Publications three steps are involved in the calculation of the crop water requirement.

Seventy five percent dependable monthly values of Reference Evapotranspiration (ETo) based on non- exceedance probability has been selected for calculation of crop water requirement. Appropriate values for crop coefficient have been used. Accordingly, calculation for crop water requirement has been made for all types of crops.  These calculations are available in the tables appeared in this report.

6.1.  Calculation of Reference Evapotranspiration (ETo)

The crop water requirement is dependent on the meteorological factors, and Reference Evapotranspiration (ETo) presents the effect of meteorological factors.  The following Meteorological factors are taken into consideration for calculation of Reference Evapotranspiration by Modified Penman Method (FAO I & D paper No. 24) & Penman Montieth Approach (FAO I & D paper No. 46): 

ETo has been calculated by the Modified Penman-Monteith method on a monthly basis using climatologically data of Debre Zeit station from 2000 to 2013 for each month of the year. Penman-Monteith Approach has calculated these with computer program (CROPWAT 8.0) available in FAO D & I paper No 56. These values are available in Table 14. From these values the average ETo is 2.95 mm/d. ETo has been calculated based on non-exceedance probability. ETo has also been calculated based on average monthly climatic data for the period of 13 years.

Table 33 Climatic Data and ETo 

	Month
	Min Temp
	Max Temp
	Humidity
	Wind
	Sun
	Rad
	ETo

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

	January
	8.6
	26.1
	37
	172
	8.7
	20.4
	4.66

	February
	10.1
	27.3
	35
	198
	8.4
	21.2
	5.28

	March
	11.5
	28.3
	39
	207
	8.1
	21.8
	5.59

	April
	12.1
	28.1
	43
	207
	7.5
	21.1
	5.45

	May
	11.2
	28.9
	4
	198
	8.3
	21.8
	6.29

	June
	11.4
	27.5
	52
	103
	6.7
	18.9
	4.18

	July
	12.3
	23.8
	66
	129
	5.3
	17
	3.6

	August
	12.4
	24
	70
	103
	5.7
	18
	3.58

	September
	11.4
	25
	67
	95
	6.1
	18.6
	3.74

	October
	9
	24.9
	47
	164
	8.9
	22.1
	4.71

	November
	7.9
	24.5
	37
	2
	9.2
	21.3
	3.07

	December
	7.4
	24.4
	36
	164
	9.5
	21
	4.45

	 
	 
	 
	 
	 
	 
	 
	 

	Average
	10.4
	26.1
	44
	145
	7.7
	20.3
	4.55


Table 34 Rainfall and effective rainfall

	 
	Rain
	Eff rain

	 
	mm
	mm

	January
	15
	0

	February
	44.5
	16.7

	March
	59.8
	25.9

	April
	60.3
	26.2

	May
	44.8
	16.9

	June
	120.3
	72.2

	July
	228.9
	159.1

	August
	211.4
	145.1

	September
	95
	52

	October
	42
	15.2

	November
	5.7
	0

	December
	7.6
	0

	 
	 
	 

	Total
	935.3
	529.3


There are four main growing stages of a crop during its growth period where water requirements vary i.e. the seasonal use of water by plants is determined by their stage of growing.

1. The initial stage: germination and early crop growth, where the ground cover is less than 10%.

2. Crop development stage: from the end of initial stage to full ground cover usually between 70-80% of the land surface.

3. Mid season stage: from the attainment of full ground cover to the start of maturity indicated by leaf senescence or loss.

4. Late season stage: from the end of the mid season stage until harvest.

During the vegetative stage consumptive use continues to increase. Flowering occurs near and the peak of consumptive use of water. The fruiting stage is accompanied by a decrease in consumptive use until the transpiration essentially ceases during the latter part or the formation of dry fruits.

The growing stages of the proposed crops for the project are shown on the table below.

Table 35 The length of the growing stages of the proposed crops

	No
	Types of crops
	Length of growing stages in days

	
	
	Initial
	Development
	Mid
	Late
	Total

	1
	potato
	25
	30
	45
	30
	130

	2
	Cabbage
	40
	60
	50
	15
	165

	3
	Maize
	20
	35
	40
	30
	125

	4
	Onion
	20
	30
	30
	15
	95

	5
	Tomato
	30
	40
	45
	30
	145


6.2. Selection of Values for Crop Coefficient 

  The effect of crop on its water requirement is represented by crop co-efficient (Kc).  This is presented by the relationship between reference Evapotranspiration (ETo) and crop evapotranspiration Escrow or ETc as ETcrop = KcETo.  The values for crop coefficient vary with the crop, its stage of growth, growing season and prevailing water condition.  The second step is required to select suitable values for crop coefficient. 

Table 36 Crop   coefficient of the proposed crops 

	
	Growth stages

	Crop
	Initial
	Development
	Mid
	Late

	Cabbage
	0.70
	-
	1.05
	0.95

	Maize
	0.30
	-
	1.20
	0.35

	Onion
	0.70
	-
	1.05
	0.95

	Tomato
	0.60
	-
	1.15
	0.80

	Pepper
	0.60
	-
	1.05
	0.90


6.3. Estimation of irrigation efficiency
The overall project efficiency represents the efficiency of the entire operation between diversion of source of flow and the crop zone. Water delivery system improvements and farm irrigation improvements would significantly improve the ability of the farmer to apply more uniform and efficient irrigation. Thus, for the project the proposed irrigation efficiency is 50%.

6.4. Effective rainfall     

Effective rain fall is the portion of a rain, falling during the growing period of the crop which is available to meet the consumptive water need or the evapo-transpiration requirement of the crop. It does not include precipitation loss due to deep percolation below the root zone. It is calculated using FAO, CropWat version 8; Dependable rainfall (FAO/AGLW formula). The formula for dependable rainfall is as follows.

Effective R = (Total R*0.6) -10 when total R < 70mm/month

Effective R = (total R*0.8) -24 when total R> 70mm/month

Table 37 Rainfall and effective rainfall

	 
	Rain
	Eff rain

	 
	mm
	mm

	January
	15
	12

	February
	44.5
	35.6

	March
	59.8
	47.8

	April
	60.3
	48.2

	May
	44.8
	35.8

	June
	120.3
	96.2

	July
	228.9
	183.1

	August
	211.4
	169.1

	September
	95
	76

	October
	42.7
	34.2

	November
	5.7
	4.6

	December
	5.7
	6.1

	 
	 
	 

	Total
	936
	748.8


6.5. Net Irrigation Water Requirement (NIWR)

Net irrigation water requirement is the depth of irrigation water required consumptively for crop production that is exclusive of precipitation, stored soil moisture or ground water (capillary water) contribution.  

6.6. Cropping calendar 

Different crops need different cropping calendar based up on the climatic factors they need and their length of growing period. The right and an optimum cropping calendar are needed to get an optimum yield. Thus, the following cropping calendar has been prepared for the proposed crops on the project.

First phase

Table 38 Cropping calendar for the proposed crops

	No
	Irrigated crops
	Planting date
	Harvesting date

	1
	potato
	30/11
	08/04

	2
	Cabbage
	30/11
	18/04

	3
	Maize
	30/11
	30/04

	4
	Onion
	30/111
	04/03

	5
	Tomato
	30/11
	23/04

	6
	Pepper
	30/11
	09/04


II. Second phase

Table 39Cropping calendar for the proposed crops

	No
	Irrigated crops
	Planting date
	Harvesting date

	1
	potato
	05/06
	16/11

	2
	Cabbage
	10/06
	17/10

	3
	Maize
	15/06
	17/10

	4
	Onion
	20/06
	17/10

	5
	Tomato
	20/06
	22/09

	6
	Pepper
	20/06
	17/10


6.7. Irrigation practices 

Irrigation is the artificial application of water to land or the purpose of raising crops. A crop requires a certain amount of water at some fixed time interval throughout its period of growth. If the water requirement of a crop is met by natural rainfall during the period of growth, there is no need of irrigation. But when there is in adequate and uneven distribution of rainfall, irrigation is necessary.

For all the proposed crops, the irrigation method recommended is surface irrigation by furrow. Furrow irrigation refers to irrigating land by constructing furrows between two rows of crops or alternately after every two rows of crops, particularly for narrow spaced row crops such as onions, cabbage and pepper. In contrast to basin and border irrigations, it involves only wetting part of the surface of the soil and water in the furrow moves laterally by capillaries to the unwetted areas below the ridge and also downward to wet the root zone soil. This reduces evaporation losses, improves aeration of the root zone, less puddling of the soil surface and permits earlier cultivation after irrigation. Furrow irrigation adapts better than any other method to crops that are grown in rows with more than 30 cm spacing, such as vegetables, maize, groundnut, sugarcane, cotton, and potatoes. Fruit crops are also irrigated by furrow method. Crop types, farm equipment to be used and planting distances between plants are the factors that determine furrow size and shape. Contour furrow with possible soil and water conservation measures such as level soil bund as an alternative conservation measure should be applied for those cultivated lands with a slope of 3-8%.

The amount of irrigation water applied for the crops varies depending on the growth stages of crops, climatic conditions and soil types. Irrigation interval is recommended based on maximum rooting depth, readily available moisture of the soil, peak water requirement of the crop and allowable depletion of the crop. In principle, the interval between two irrigations should normally be the time taken by the crops to reduce the soil water from field capacity to the lowest level of optimum soil regime. 
6.8. Irrigation Depth (D)

Depth of irrigation (d), including application losses, applied to the soil in one irrigation application and which is needed to bring the soil water content of root zone to field capacity in mm. The depth of irrigation application (d) including application losses is; 
        d = ( p x Sa) x D  (mm)

                    Ea

Where : p = fraction of available soil water

                Sa = total available soil water mm/m soil depth

                 D = Rooting depth, m

                 Ea = application efficiency, fraction 

Since P, D and ETc will vary over growing season, the depth in mm and interval of irrigation in days will vary. 
Table 40:Irrigation depth of application forfull irrigation
	Crop
	Minimum Rooting depth(m)
	Allowable Depletions (p)

(fraction)


	Total Available Moisture (Sa)

(mm/m)
	Application efficiency (50%)
	Depth D(mm)

 

	Maize 
	1
	0.8
	181.4
	0.5
	290.24

	Pepper 
	0.8
	0.5
	181.4
	0.5
	145.12

	Tomato
	1
	0.5
	181.4
	0.5
	181.4

	Onion 
	0.6
	0.5
	181.4
	0.5
	108.84

	Cabbage 
	0.45
	0.5
	181
	0.5
	81.45


6.9. Irrigation Interval (i)

Irrigation frequency is defined as the frequency of applying water to a particular crop at a certain stage of growth and is expressed in days. In equation form it reads: 

Irrigation interval (i)  = Sa x P x RZD   (day)
 


                                 ETc 

 

Where: (i) = Irrigation interval (day) 


          Sa = Total available soil moisture = (FC – PWP) (mm/m) 


            P = Allowable depletion (decimal) 


       RZD = Effective root zone depth (m) 

ETc = Crop Evapotranspiration or crop water requirement (CWR) (mm/day)
Table 41:Irrigation Interval and Depth of Application for Full Irrigation 
	Crop
	Minimum Rooting depth(m)
	Depletion(P)
	Max.ETc(mm/day)
	Average TAWC(mm/m)
	 I(Irrg. Interval)

	Maize 
	1
	0.8
	5.85
	181.4
	32

	Pepper 
	0.8
	0.5
	4.87
	181.4
	15

	Tomato
	1
	0.5
	5.39
	181.4
	17

	Onion 
	0.6
	0.5
	4.21
	181.4
	13

	Cabbage 
	0.45
	0.5
	6.75
	181.4
	27


* From experience of similar soil and agro ecology, irrigation interval for maize can be adjusted between 20 days to 25 days during full irrigation.

**Due to various assumptions, it is advisable to follow the depth and interval of irrigation at the minimum TAWC (181.4mm/m)(Dominant )

Table 42:Irrigation Interval for Supplementary Irrigation
	Crop
	Minimum Rooting depth(m
	Depletion(P)
	Max.ETc(mm/day
	 Average TAWC(mm/m)
	I(Irrg. Interval)

	Maize 
	1
	0.8
	5.85
	181.4
	24.8

	Pepper 
	0.8
	0.5
	4.87
	181.4
	14.9

	Tomato
	1
	0.5
	5.39
	181.4
	16.8

	Onion 
	0.6
	0.5
	4.21
	181.4
	12.9

	Cabbage 
	0.45
	0.5
	6.75
	181.4
	6.0


From experience of similar soil and agro ecology, irrigation interval for maize can be adjusted  between  30 days to 35 days  during full irrigation .
**.Due to various assumptions, it is advisable to follow the depth and interval of irrigation at the minimum TAWC(131mm/m)(Dominant)

6.10. Irrigation Efficiency (E)

Not all water taken from source to be used for irrigation reaches its destination and used by plants. Part of the water is lost during transport through the canals and the fields. The remaining part is stored in the root zone and use by plants. In other words, only part of the water is used efficiently, the rest of the water is lost through Conveyance efficiency (Ec), Field canal efficiency (Ed), and Application efficiency (Ea). Accordingly, the overall irrigation efficiency (Ep) will be EcxEdxEa.

The following definitions are used;

· The application efficiency is the efficiency of the water left in to the field;

· The field canal efficiency the efficiency of water distribution in the tertiary and the field canal system and ;

· The conveyance efficiency is the efficiency of the main distribution system in secondary, primary and main canal.

6.10.1.  Water application efficiency (Ea)

It is the percentage of applied irrigation water stored in the soil and available for consumptive use by the crop. Field losses consist of surface run off and deep percolation. The purpose of irrigation is to replenish the available moisture in the root zone depleted by evapotranspiration. The application of the least amount of water required to bring the root zone moisture content up to field capacity is considered as efficient irrigation. If on the other hand, the amount of water applied grossly exceeds that actually needed for replenishment; the irrigator application efficiency is very low.

Water required to bring soil to FC level

Application efficiency   (Ea) =             Water received at field inlet
 x 100

The application efficiency used for the project is 70% for the dominant soil of the command area is medium soil and the irrigation method that will be used is surface irrigation by furrow irrigation (FAO, Irrigation & Drainage paper 24- crop water requirements).

6.10.2. The field canal efficiency (Ed)

It isthe efficiency of water distribution in the tertiary and the field canal system. The distribution efficiency used for the project is 75% for blocks up to 20ha and unlined canals (FAO, Irrigation & Drainage paper 24- crop water requirements).

6.10.3. Conveyance efficiency (Ec)

Water received at inlet to a block of fields

                                                Ec =     Water released at project head works
    x100  

Primary factors affecting conveyance losses are management aspects which cause fluctuations in the supply as well as physical factors such as seepage losses through canal banks and canal outlets. The conveyance efficiency used for the project is 85%.

6.10.4. Project efficiency (Ep)

Water made directly available to the crop

                                                      Ep   =       Water released at head works           x100    

The overall project efficiency represents the efficiency of the entire operation between diversion of source of flow and the crop zone. Water delivery system improvements and farm irrigation improvements would significantly improve the ability of the farmer to apply more uniform and efficient irrigation. 

Thus, for the project the proposed irrigation efficiency is 50%. i.e. Ep =EC*Ed* Ea= 0.85*0.75*0.7= 0.45 = 45%.For the design purpose 50% project efficiency is proposed to be used.
6.11. Net irrigation requirement (IRn)

It is a depth of water needed to bring the soil moisture level in the effective root zone to field capacity from the soil moisture. The net irrigation requirement does not include losses that are occurring in the process of applying the water. IRn plus losses constitute the Gross Irrigation Requirement (IRg).

 It is calculated by using the relationship between crop water requirement (ETcr) and effective rainfall.

i.e. Net irrigation requirement = ETcr – Effective rainfall

6.11.1. Gross irrigation requirement

The total quantity of water used for irrigation is termed as gross irrigation requirement. It includes net irrigation requirement and losses in water application and other losses in the conveyance system due to seepage, evaporation, etc.

Net irrigation requirement

        Gross irrigation requirement   =        Overall project efficiency    x 100

6.12. Scheme Supply of the Project

As shown on the crop water computation, the highest irrigation requirement for actual area is found in a month of May. The irrigation requirement for actual area was found to be 0.41l/s/ha for 24 hour irrigation. The net irrigation requirement is divided by project efficiency (50%) to obtain the gross water requirement.  Therefore, the scheme supply of the project is 0.82 l/s/ha. The proposed irrigation hour for the project is 12 hour.  Therefore, the scheme supply of the project is 1.64 l/s/ha for12 hour irrigation. This figure is important for the designs of main canals, secondary and field canals to limit their capacity. A summary of the project supply computation is depicted on table below.
Table 43 Scheme supply of the project 

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

	Precipitation deficit
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	1. Tomato            
	73.4
	102.9
	138.5
	89.2
	0
	0
	0
	0
	0
	0
	0.6
	41.4
	 

	2. Potato            
	84.9
	103.8
	124.2
	23.5
	0
	0
	0
	0
	0
	0
	0.5
	36
	 

	3. Small Vegetables  
	85.7
	91.2
	12.9
	0
	0
	0
	0
	0
	0
	0
	0.7
	50.6
	 

	4. MAIZE  (Grain)    
	87.6
	110.3
	96.4
	1.1
	0
	0
	0
	0
	0
	0
	0.3
	25.8
	 

	5. CABBAGE Crucifers 
	63.9
	79
	124.2
	140.7
	78.6
	0
	0
	0
	0
	0
	0.7
	48.2
	 

	6. Sweet Peppers     
	72.2
	93.8
	120.9
	9.4
	0
	0
	0
	0
	0
	0
	0.6
	41.4
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Net scheme irr.req.
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	in mm/day
	2.5
	3.5
	3.5
	1.5
	0.5
	0
	0
	0
	0
	0
	0
	1.3
	 

	in mm/month
	78.9
	97.8
	108.6
	45.3
	15.7
	0
	0
	0
	0
	0
	0.5
	39
	 

	in l/s/h
	0.29
	0.4
	0.41
	0.17
	0.06
	0
	0
	0
	0
	0
	0
	0.15
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Irrigated area
	100
	100
	100
	90
	20
	0
	0
	0
	0
	0
	100
	100
	 

	(% of total area)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Irr.req. for actual area
	0.29
	0.4
	0.41
	0.19
	0.29
	0
	0
	0
	0
	0
	0
	0.15
	 

	(l/s/h)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 


7. PROTOCOLS OF SELECTED CROPS

7.1. Maize (Zea mays)

Maize is one of the strategic food crops that responds well to the fertilizer application, good crop management and provides relatively higher yields under optimum management. Maize is widely grown in the country including the project area. Maize had also a very substantial importance in fulfilling the livestock feed requirement in the project area.

General Growth requirement

Altitude-In Ethiopia optimum output is obtained when maize is grown in 1000 to 2200 meters above sea level.

Rainfall-maize requires between   an amounts of 500 to 800mm rainfall well distributed throughout the growing season.

Irrigation water requirement-depending on the local climatic condition a medium maturing maize demands from 500-800mm of irrigation water. The crop is very sensitive to water deficit during tasseling and silk stages.

Soil condition-maize can grow on a range of soil types while it provides optimum output on medium textured soils with pH of 6.9 to 7.2. 

Table 44 Improved varieties of crops

	Variety
	Maturity (days)
	Recommended altitude range(masl)
	Average Yield(qt/ha)

	BH140
	105-150
	1000-2000
	80

	BH640
	105-150
	1000-2000
	80

	Aba-Raya(SC-627)
	105-150
	1000-2000
	80

	Melkasa-4
	105-150
	1000-2000
	80

	Katumani
	105-150
	1000-2000
	80

	BH-543
	105-150
	1000-2000
	80

	A-511
	105-150
	1000-2000
	80

	Kuleni
	105-150
	1000-2000
	80


Crop husbandry

Land preparation: Maize prefers a well-prepared, weed-free seedbed and requires two to three Ploughing. 

Sowing: It is mainly sown late April to May or early June. Plant population varies from 50 to 80,000 plants per hectare for small varieties. Spacing between rows varies between 0.64-1m.sowing depth is 5 to7 cm with one more seeds per sowing points. 

Fertilizer application: The general recommendation rate of fertilizers are 46-69kg/ha P2O5 and 92kg/ha N. But, specific recommendation varies depending on the soil type, fertility condition of the soil and climate of the area. 

Crop protection practices

Commonly attacking pests are; stalk borer,  its control includes use resistant varieties, after harvesting avoid the rest stalks, roots from farmland, early seeding, and use of chemicals. Termite: its control includes; use resistant varieties, harvest on time, and use pesticides. Weevil: for its control cleaning the store, use of chemicals are recommended.

Commonly attacking diseases include: -leaf streak virus, Rust, Leaf blight, Gray leaf spot

The diseases mentioned above cannot be controlled easily, except by using resistant varieties, crop rotation and hygienic practices.

Weed control: At least two early weeding, first at a four-leaf stage and the second when plants are knee-high for good performance and production is recommended. For effective weed control use clean tools that are used for agricultural practices, use clean seed free from weed seed, crop rotation, hand weeding after the growth of maize and use of selective herbicides are good practices.

Crop grown in association

Crops grown in association with low land maize includes; lowland sorghum, cotton, kenaf, cowpea, haricot bean, sesame and groundnut. In all of the study areas, maize is often intercropped with legumes (haricot bean).

Yields: The average yields obtained from improved low land maize variety under research farms are about 35-50 qt/ha and on farmer farm 25-35qt/ha. The national average yield is estimated to be 20 qt/ha.

7.2. Onion  (Allium Cepa L.)

7.2.1. Growth habit and Growth cycle

Onion is biennial in growth habit under normal conditions onion forms a bulb in the first season of growth and flowers in the second season. It is a biennial bulb forming crop. The crop is usually sown in the nursery and transplanted after 30 to 35 days.

After transplanting it takes 110-130 days for the onion to mature, depending on the cultivar. The length of the growing period varies with climate but in general 130 to 175 days are required from sowing to harvest.

7.2.2. Environmental requirement

Climate: The crop can be grown under a wide range of climates from temperate to tropical. The crop flourishes in mild climates without extremes in temperature and without excessive rainfall. For the initial growth period, cool weather and adequate water is advantageous for proper establishment of whereas during ripening, warm, dry weather is beneficial for high yield of good quality. The optimum mean daily temperature varies between 15 and 200 C. Optimum soil temperature for germination is 15 to 250 C. For bulb production the plant should not flower since flowering adversely affects yields. For bulb production or formation the optimum temperatures range between 20 and 250 C. For initiation of flowering, low temperature (lower than 14 to 150 C) and low humidity are required.

Soil: Onion can be grown on a wide range of soils, varying in texture from coarse-grained sands to clays. But, medium textured soils are preferred The crop is sensitive to soil salinity and the optimum Ece range between 1.2 and 1.8mmhos/cm. The optimum pH range is 6.0 to 7.0, although it is also suitable up to pH 8.2 but does not thrive on soils having a pH of below 5.5 because of trace element deficiencies. Soils with CEC contents of above 16 cmolc kg-1 soil, more than 50% (by 1M NH4OAc) base saturation and over 1.2% organic carbon content are most suited for optimum requirement of onion. The crop has tolerance of CaCO3 content up to 5% but soils with 10 -20% CaCO3 content are marginally suitable for Onion. The crop is sensitive to soil salinity and show yield declination as ECe level increases. There is no yield reduction at ECe of below 1.2 mS/cm, but the yield reduction is 10% at 1.8, 25% at 2.8, 50% at 4.3 and 100% at 6 mS/cm respectively. Onion can tolerate ESP levels up to 20%, but there is 50% yield reduction at ESP of 35.

7.2.3. Recommended varieties

Currently, the available varieties released by research are listed in Table  below. Seeds onion varieties have been multiplied with the support of various institutions including ARDD, ARDO, and mainly Agricultural Research Centers.

Table 45: Improved onion varieties.

	Variety
	Color of the bulb
	Growth period (days)
	Yield on research, kg/ha

	Adama Red
	Deep red
	110-130
	30000-35000

	Melkam
	Red
	110-130
	30000-40000

	Red Crewol
	Red
	130-145
	27000-30000

	Bombey Red
	Light Red
	110-120
	25000-30000

	Mermiru Brown
	Yellow
	120-130
	28000-33000


Source: EIAR, Melkasa Center, 2013

7.2.4. Land preparation 

The seed bed for field planting should be well prepared. To obtain fine seed bed frequent ploughing is recommended. When the seeding reach a height of 13-14cm or when it forms 3 to 4 leaves or 45 to55 days after sowing in the nursery transplanting is essential.

Planting

Seed amount: 3kg/ha on 300m2 of seed beds. The seed beds can be arranged in 10 beds of 30cm long by 1m wide. Seeds sown in rows 15cm apart, 1cm deep at a rate of 10 seed per m2

Planting depth: When planting the seedling, just bury the roots and leave the shoots to fall with the bulb sitting on top of the ground.

Spacing: Transplant 8 weeks after sowing, when plants are 5-7mm thick or pencil thickness 40cm between rows, 10cm within row.

7.2.5. Irrigation

Application of water in the form of irrigation is necessary, immediately after transplanting. On light soils for the first 3 weeks, every weeks 2 times irrigation is recommended. After that it is good practice to water the field once every 5-7 days.

Fertilizer application 

To maintain the fertility status of the soil and increase productivity application of chemical fertilizer or manure should be made. According to Melkas Research Station findings, it is observed that 92kg of area half of it during sowing in the nursery and the remaining half 45 days after transplanting gives best results.

7.2.6. Crop protection practices

Weed control

Onions do not compete well with weeds, as if shallow roots. Thus, timely weeding whilst they are still young 20 to 60 days after planting and depending on the situation 2 to 3 cultivation owing to destroy the weeds is necessary.

Diseases

Onion may suffer severely from downy mildew and purple blotch. The control measures are long rotation, spraying with fungicide plus sticker and seed treatment with seed dressing. Currently, Redomi Golden Mankozeb chemical 3.5kg with 60litter water per hectare is recommended.

Insect pest

Onion thrips are one of the major insect pests that attack the crop. The recommended control for thrips is to spray with insecticides, Di-mihlot(Ethiot) 49% liquid with 1.5 litter or cicerone is recommended 72%, 600ml liquid with 500 liter water every 15week for 3-4 times.

Harvesting, Yield and Uses: 

Harvesting can start when 50 to 80% of the tops have fallen over, usually 110 to 130 days after transplanting. The national estimated average yield is currently 128 quintal/ha.

7.3. Chillie (Pepper)

Scientific name: -Capsicum frutescens L. and C. chinense Jacq.

7.3.1. Growth habit
A shrubby perennial with an erect branching stem at the base, branching alternately higher up and growing to 0.15 –1.5 mean height. The inflorescence has several flowers and the fruit is small, clustered, conical, 2-3cm long and usually red and extremely pungent.

7.3.2. Environmental requirements

Climate: Hot pepper is appropriate for the kola and Weina Daga regions from 1000 to 2200m altitude, where there is a tropical wet and dry climate with a mean annual rainfall of 750 to 1250mm, preferably well distributed over the growing period. Pepper thrives in growing season temperature of 18-270c during the day and 15-180c during the night. High temperatures (320 -350 C) causes the flower to drop off. Lower night temperatures result in greater branching and more flowers.

Soil: Light textured soils with adequate water holding capacity and drainage are preferred. Water logging even for short periods causes leaf shedding. Optimum pH is 5.5 to 7.0 and acid soils require liming. The crop is moderately sensitive to soil salinity, except in the seedling stage when it is more sensitive. Different levels of Ece at which yield decreases is: 0% at Ece 1.5mmhos/cm, 10% at 2.2, 25% at 3.3, 50% at 5.5 and 100% at Ece 8.5mmhos/cm.

Recommended Cultivars: Some five types of improved varieties which are under production are recommended by EIAR for different pepper growing areas including the study area.

Table 46: Recommended cultivars of pepper

	Variety Name
	Yield (kg/ha)
	LGP*

	
	under research
	On farmers field
	

	Melka Zalaa
	2000-2500
	-
	130-150

	Melka Eshet
	1500-2000
	-
	100-120

	Melka Dima
	1300-2000
	-
	120-141

	Maareko Fanaa
	1500-2000
	900-1100
	110-130

	Bako Local
	1700-2200
	1000-1100
	120-140


* 25 to 35 days of nursery time are included.

7.3.3. Land preparation and sowing/planting

Pepper require well prepared field, there for three to four times ploughings is necessary.

Seeds are sown in nursery beds two month earlier than the beginning of the main rainy season. The seedlings are transplanted when they are 10-20cm high and 25-35 day old. They are planted at spacing of approximately 60 cm between rows and 40 cm between plants under rain-fed production, while under irrigated agriculture 70 cm and 30 cm between rows and plants respectively. It is also observed that direct sowing of pepper in to the permanent field gave good yield. In the direct sowing technique 1.2 kg of seed is required to plant 1ha. For raising seedling and transplanting the seedling the required seed is 600 to 750 gm/ha. 

As far as fertilizer needs are concerned, it depends on the fertility status of the soil. But as a general recommendation 100 kg/ha nitrogen and 100 kg/ha DAP is recommended. Split application of the nitrogen 50% at planting and the rest 50% during flowering resulted in best yield. To obtain satisfactory yields it is necessary to incorporate manure at a rate of 15 -20 ton/ha during soil preparation.

7.3.4. Crop protection practices 

Weeding: Pepper must be kept free from weeds during the early stages of growth, either by hand weeding or by mechanical cultivation. It is recommended to weed three times, the first two weeding together with hoeing 15 to 20 days and 30 to 35 days respectively after transplanted in the field.

Diseases and insect pests: Pepper is affected by a range of disease pathogens and insect pests. The major diseases are; Powdery mildew, anthracnose of the leaves and fruit, leaf spot, fruit rot, bacterial spot, bacterial wilt, and many viruses.

The viral diseases are transmitted by infected planting material/seeds, insects and man. therefore, by using resistant variety, controlling the insect that transmit the virus, eradicating host weeds, rouging out infected plants and sanitation of the field we can reduce the damage level. To control the fungal and bacteria disease the following chemicals are recommended: For powdery mildew spray topcine 76% with 6.05 kg or colodial sulfur 2.5 kg per hectare every week gives good result. For leaf and stem blight spray with mancozeb and redomil-MZ  2 to 3 kg/ha  and for the control of bacterial leaf spot spraying coside 3 kg/ha is recommended. With regard to its detail application user are recommended to read the manual prepared by EIAR, 2007.

The major insect best that causes great damage to pepper are African worm and potato fly found in all pepper producing areas of Ethiopia. To control, cypermethrin 10% gives good result. In some areas termite also create great challenge; to overcome this problem dressing of seedling roots with 200 gm 40% aldrin in 100 liter water will reduce the damage.

In general, for crop protections, for low inputs ensure that wild host plants growing near cultivated areas are destroyed, clean planting materials are used, new crops are planted as far as possible from infested crops and a strict crop rotation is maintained.

7.3.5. Crop grown in association

Highland Sorghum, Maize, Haricot bean, Soya bean, Cowpea, Niger seed, Sweet potato, Enset, Coffee.

Yields, products and uses

Peppers are eaten freshly picked. Pods dried and processed in to powdered form as spice. It is a hot ingredient in preparation of ‘wat’.

Other products and uses include Oleoresin extraction, Red colouring removed and used for food colouring. Pungent agent removed and uses in pharmaceutical industry.

Yields of fruit vary from area to area depending on; climate, management level, and variety. The national average yield is 1271.5 kg/ha. 

7.4. Tomato

Tomato is one of the widely grown irrigated crops in Upper Awash and in the country at large. The possibility of harvesting an average of five to eight crops in one season makes tomato a very important vegetable. The crop is produced by smallholders, and private commercial farms as well as the public commercial farms in the sub basin. Besides the general market demand, existence of the tomato Processing plants is reported to contribute for the growth of the tomato production.  However, the volume and quality of products is still at a lower level despite the existing potentials for growth. Inadequate availability of various farm inputs including improved varieties, agro chemicals, unimproved methods of production, etc, are attributed to the gap between the demand and the supply.

Improved varieties-Tomato varieties considerably vary in growth habit and reproduction and their products are also categorized as Fresh Market varieties (used as foodstuff without processing)   and Processing Varieties (undergo processing before consumption). Processing Varieties are generally short in height, do not need stakes or trellies, early maturing, the fruits have strong thicker skins, red color and higher bricks .the Fresh Market varieties on the other hand, are characterized by larger round brightly red colored fruits. The growth habit of the table varieties can be prostrate or erect type. The prostrate types require staking and produce fruits for longer periods without interruption. In general, assessment of available improved varieties released by the EIAR has enabled to recognize existence of several improved varieties in production. 

Table 47 Improved varieties of tomato

	No.
	Variety
	Maturity

(Days)
	Yield on

Research

(q/ha)
	Unique Character/Important Features

	1
	Melka Shola
	100-120
	430
	semi determinate, processing type,

	2
	Melka salsa
	100-110
	450
	Determinate, processing type,

	3
	Cochoro
	85-90
	463
	Determinate, processing type,

	4
	Chali
	85-100
	430
	Determinate, processing type, firm fruits,

	5
	Bishola
	85-90
	340
	Determinate, fresh market,

	6
	Fetan
	75-90
	454
	Determinate, fresh market, extra early,

	7
	Eshet
	90-100
	394
	Indeterminate, fresh market,

	8
	Mettadel
	85-90
	345
	semi determinate, fresh market

	9
	Miya
	85-100
	471
	Indeterminate, fresh market,

	
	Roma VF
	
	
	

	
	Marglob
	
	
	


7.4.1. Registered hybrid varieties of Tomato

In addition to varieties listed above, six hybrid tomato varieties introduced to the country by EIAR and private commercial companies are reported to be currently available. It is indicated that the varieties consist promising yielding potential both at the research and farmers fields.

Registered varieties of tomato

	Variety
	Total yield (qt/ha)
	

	
	Research plot
	Farmers plot
	

	Gelila
	666
	659
	

	Briget
	543
	539
	

	Irma
	599
	596
	

	Anna
	543
	478
	

	Eden
	599
	485
	

	Shanty
	578
	591
	


Source: EIAR, MELKASA CENTER, 2013

Growing season 

The Growing season of tomato above all depends on the climate, soil type and the market situations. Although they can be grown throughout the year, the risks of floral fall and diseases incidence is higher during the rainy season. Thus, proper use of pesticides, supporting/ staking, and provision of every essential agronomic care is required when tomatoes are grown during the rainy season. During the dry season, however, reasonably higher yields can be obtained without significant risks of diseases or with very less efforts of controlling diseases.

7.4.2. Seedling preparation 

Tomato can directly be sown or transplanted from nursery where both have their own advantage .in the study area farmers commonly plant seedlings due to poor availability of seeds. As regards to seed requirement, research results indicate that300-380gm of (with at least 95% germination) quality seed is required to plant one hectare of land. Seeds have to be mixed with sand to maintain uniformity and should be placed on the seed bed using a spacing of 15cm between rows and depth of not more than 1cm.the other common nursery management practices like watering(irrigation) mulching ,watering ,weeding control of insects.

7.4.3. Land preparation 

After frequent cultivation of and preparation of fine seedbed, furrows of the proper dimension have to be placed at a spacing of 1m. Appropriate stage of seedlings for transplanting is when they reach 2-3 leaf stage and a height of 15cm and care has to be taken to avoid planting either of too small or too large seedlings. The recommended spacing between rows is 1m while it is 30 cm between plants.

Staking 

The purpose of supporting the tomato plants with trellis is to create convenient stand to provide routine management practices from crop protection to harvesting. The practice is especially advantageous in smallholder production as well as in production of tomatoes during the rainy seasons.  It allows improvement of yield and quality of particularly determinate varieties. Thus, staking is highly advised wherever staking materials are reasonably available.  

Watering – The seedlings have to be supplied water right after planting. In light soils, for the first three weeks after planting, irrigation should be supplied twice per week. After the third week, irrigation can be reduced to once per week.

Fertilizer application

The recommended fertilizer application rate, for tomato is 150 kg/ha of DAP, right after transplanting; and 100kg Urea when the seedlings reach the age of 1½ months.

Crop protection

Diseases: foliar diseases- application of ridomil3.5kg powder in 500lt water per hectare. Insects- fruit 

7.5. Cabbage (Brassica Oleracea var. Capitata)   

Local name: ‘Gommen’

7.5.1. Importance 

Cabbage (Brassica oleracea var. Capitata) is an important vegetable of Cole group. A rich source of vitamin A, B, C it also contains minerals. It covers about 4% of total area of vegetables in the world. It is grown year round. The heads of cabbage vary from flat-topped to long-oval. Varieties with compact, round heads are preferred. The tender leaves are primarily used as cooked vegetable, more in raw than processed form.

7.5.2. Varieties

In this country only limited varieties are available. In general, farmers grow only local or old varieties. However most commonly used variety is Copenhagen. 

General Growth Requirement 

Temperature: Since it is a cool season crop, it thrives best in a relatively cool moist climate. It can withstand extreme cold and frost relatively better than cauliflower. It loses its flavour in dry warm weather. The optimum seed germination is obtained at 12.8-150c soil temperature. 

Soils: Cabbage can be grown on all types of soils.  In clay loam or silt, higher yield may be obtained from late crop. It does not grow well on a highly acidic soil. The most appropriate soil PH for the crop is between 5.5 and 6.5.

Planting: The crop can be planted in June-August and November-January. The nursery is raised for production of seedling as in case of tomato. The seedlings become ready for transplanting in 4-6 weeks depending on the weather conditions. The seedlings are transplanted in fully prepared field at a distance of 45cm and 60-70 cm from row-to-row or 45–60cm from plant-to-plants. 

Seed rate: On an average 500-750g of seed is required for one hectare.

Manuring: The nutrient requirement of cabbage varies from soils to soil depending on their nutrient status, agro climates and duration of varieties. Application of farmyard manures at 15 tons/ha is quite useful. 

Interculture: Shallow hoeing should be done to remove the weeds and loosen the soil for better aeration. To produce solid heads, the plants are earthed 5-6 weeks after transplanting.

Irrigation A continuous supply of moisture is essential for proper development of heads. The first irrigation is given immediately after planting. No heavy irrigation should be given at the time of maturity of head. Harvesting Cabbage heads should be harvested when they attain full size. After that they burst or lose. Early varieties mature in 60-80 days and late varieties 100-120 days. Early varieties yield 33-45 tons/ha. Hybrids yield 70-80 tons/ha. Cabbage heads can be stored for 4-5 days under ordinary conditions.

8.  CONCLUSION AND RECOMMENDATION 

The farming is at subsistence level and traditional. The improved technologies have not reached to the farmers due to poor extension service.  The farmers are using improved varieties, quality seeds, fertilizers, agro-chemicals, farm implements and improved tools to a limited.  The credit facilities are poor and farmers with low resources have no risk bearing capacity.  Hence, the farm productivity is low.

Looking at the present low cropping intensity of the project command, it has been suggested to have cropping systems to provide high and sustainable yield. Suitable cropping pattern, cropping system and crop rotations have been selected with inclusion of most appropriate and potential crops of high quality.  The crop calendars have been prepared for calculation of their actual water requirements under irrigated production systems.
      

Therefore, if proper agronomic management practices and crop water requirements are effectively followed, the proposed small scale irrigation project contributes much   to achieve food security as well as income generation for people in the area.

· Concerned stakeholders should facilitate easily availability and distribution of sufficient inputs such as improved seeds, fertilizers pesticides and use rates to attain projected yields 

· Due attention should be given to infrastructural development like all weather roads in and around the project area  

· Farmers support systems and Agricultural extension systems should be well organized to support the community

· The proposed cropping pattern and agronomic management practices should be followed properly 

· Marketing channels have to be established locally, and regionally and internationally for the farmers and interested investors in order to earn good income from product marketing  

· Pilot research has to be conducted on the irrigation areas regarding irrigation methods and frequency, fertilizer and pesticide usage, variety development and other agronomic practices and research and extension linkages have to be strengthened. Debrezeit Agricultural Research Center( DZARC) is the nearby research center that could be involved to support the effort of the project

APPENDIX 
Precipitation data   at Debrezeit station 

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

	2003
	38.3
	55.4
	64.4
	100.3
	21.1
	81.4
	277.9
	285.5
	120.0
	6.0
	3.6
	35.4

	2004
	 
	 
	67.8
	119.9
	2.0
	133.5
	172.5
	209.1
	73.6
	22.6
	10.3
	0.0

	2005
	21.8
	0.0
	122.1
	77.3
	86.5
	96.7
	168.0
	186.7
	153.3
	0.0
	2.9
	0.0

	2006
	5.0
	108.8
	0.0
	52.2
	32.2
	108.2
	329.0
	141.4
	122.8
	78.3
	5.2
	16.1

	2007
	5.8
	0.0
	0.0
	57.9
	92.0
	77.4
	326.8
	155.1
	123.2
	13.2
	 
	 

	2008
	0.0
	0.0
	0.0
	41.1
	47.6
	55.5
	226.3
	253.5
	148.6
	3.2
	45.2
	0.0

	2009
	40.9
	0.0
	13.9
	 
	16.8
	38.0
	125.1
	243.9
	45.5
	67.5
	0.6
	20.9

	2010
	0.0
	36.2
	87.0
	129.7
	37.2
	100.7
	197.9
	204.9
	125.5
	0.0
	0.0
	0.0

	2011
	0.0
	 
	85.2
	25.2
	64.8
	 
	239.9
	287.7
	147.3
	0.0
	1.6
	0.0

	2012
	0.0
	0.0
	110.2
	39.2
	26.9
	 
	175.6
	193.7
	 
	1.6
	0.0
	 

	2013
	0.0
	0.0
	32.3
	51.2
	50.8
	161.9
	 
	 
	 
	 
	 
	 


Relative humidity 

	Year
	Time
	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug

	2006
	06:00
	72
	74
	76
	81
	74
	81
	87
	87

	2006
	09:00
	57
	62
	60
	64
	58
	68
	80
	80

	2006
	12:00
	41
	43
	46
	50
	41
	52
	66
	69

	2006
	15:00
	32
	35
	38
	42
	34
	41
	60
	65

	2006
	18:00
	33
	34
	38
	44
	40
	51
	65
	68

	2007
	06:00
	81
	77
	70
	74
	76
	84
	88
	90

	2007
	09:00
	65
	65
	57
	64
	59
	73
	82
	85

	2007
	12:00
	49
	48
	43
	47
	46
	54
	68
	70

	2007
	15:00
	40
	40
	34
	39
	42
	52
	62
	60

	2007
	18:00
	42
	40
	34
	40
	47
	53
	65
	68

	2008
	09:00
	61
	59
	47
	49
	68
	73
	88
	91

	2008
	12:00
	43
	37
	30
	40
	48
	62
	73
	77

	2008
	15:00
	35
	31
	23
	32
	36
	57
	64
	69

	2008
	18:00
	35
	29
	22
	35
	41
	59
	71
	74

	2008
	06:00
	66
	67
	64
	63
	77
	83
	91
	94

	2009
	15:00
	37
	31
	31
	36
	34
	36
	54
	62

	2009
	06:00
	79
	67
	73
	75
	65
	74
	84
	86

	2009
	09:00
	67
	53
	51
	59
	47
	58
	73
	81

	2009
	12:00
	47
	36
	38
	43
	39
	45
	60
	68

	2009
	18:00
	42
	33
	35
	41
	33
	36
	59
	64

	2010
	18:00
	45
	52
	48
	56
	54
	54
	68
	72

	2010
	06:00
	80
	82
	85
	86
	87
	85
	88
	88

	2010
	09:00
	65
	72
	71
	67
	72
	69
	78
	82

	2010
	12:00
	45
	52
	49
	53
	57
	55
	67
	69

	2010
	15:00
	39
	46
	43
	50
	52
	44
	62
	64

	2011
	15:00
	34
	31
	34
	36
	39
	46
	 
	65

	2011
	18:00
	39
	29
	36
	38
	44
	 
	 
	72

	2011
	06:00
	75
	65
	69
	71
	81
	83
	 
	93

	2011
	09:00
	54
	52
	50
	49
	64
	67
	 
	89

	2011
	12:00
	40
	40
	38
	40
	46
	54
	 
	78

	2012
	06:00
	86
	79
	70
	88
	83
	87
	94
	93

	2012
	09:00
	66
	56
	50
	72
	64
	73
	91
	91

	2012
	12:00
	41
	37
	36
	50
	44
	56
	77
	80

	2012
	15:00
	33
	29
	31
	43
	34
	47
	67
	69

	2012
	18:00
	39
	30
	30
	51
	38
	57
	71
	73


Sunshine hours 

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

	2003
	8.5
	9.8
	9.4
	7.2
	9.3
	7
	4.8
	4.7
	6.2
	10.3
	9.7
	9.3

	2004
	 
	 
	8
	7.6
	9
	6.3
	5.6
	5.8
	6.8
	8.4
	10.1
	9.3

	2005
	8.3
	10.1
	9
	8.2
	7.1
	6.5
	4.7
	6.8
	6.7
	9.9
	9.6
	10.4

	2006
	9.8
	9.5
	8.2
	7.3
	8.8
	6.7
	5.2
	4.3
	6.3
	7.8
	10
	7.9

	2007
	8.8
	8.4
	10
	8.5
	8.4
	6.2
	4.4
	5.1
	6.2
	9.3
	9.7
	10.6

	2008
	9.7
	10.2
	10.5
	9.2
	8.1
	7.3
	5.8
	5.7
	7.1
	8.2
	8.8
	10.1

	2009
	8.7
	9.6
	9.8
	8.2
	9.4
	8.7
	5.1
	6.1
	7.8
	8.3
	9.9
	7

	2010
	9.2
	6.2
	7.3
	6.5
	6.4
	6.2
	4.5
	4.3
	6.5
	9.8
	9.5
	9

	2011
	8.7
	8.6
	8.5
	8.7
	7.5
	6.1
	5.2
	4.9
	6.1
	10.1
	7.8
	9.3

	2012
	9.5
	10.2
	9.5
	6.9
	9.2
	6.5
	4.6
	4.8
	6.6
	8.7
	10
	 


Maximum temperature

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

	2003
	26.9
	28.9
	28.9
	27.9
	30.2
	27.6
	23.6
	24
	25
	26.6
	26.3
	24.7

	2004
	 
	 
	27.5
	26.5
	29.6
	26.8
	24.2
	24.1
	25.4
	25.5
	25.6
	25.6

	2005
	26.2
	29
	27.9
	28.7
	27.1
	27.2
	23.8
	25
	25.6
	26.9
	25.9
	25.9

	2006
	27.1
	28.3
	27.8
	27.3
	29.1
	28
	24.6
	24.1
	23.6
	26.7
	26.2
	25.6

	2007
	26.7
	28.1
	29.3
	28.6
	28.7
	26.6
	24
	24
	24.6
	25.6
	 
	 

	2008
	26.8
	26.7
	29.3
	28.7
	29.1
	26.6
	24.5
	23.4
	25
	26.5
	25.2
	26

	2009
	26.3
	27.9
	29.7
	29.2
	30.2
	30.1
	25.4
	24.5
	26.3
	25.9
	26.8
	26

	2010
	26.6
	27
	27.1
	28
	27.3
	27.9
	24
	24.5
	25.6
	27.7
	26.6
	26.2

	2011
	27.1
	28.8
	28.7
	29.9
	28.7
	 
	25.6
	23.5
	24.4
	26.3
	26.1
	25.9

	2012
	27.4
	28.7
	30
	28.7
	30.4
	27.9
	24
	 
	 
	 
	 
	 

	2013
	 
	 
	29.5
	29.4
	 
	 
	 
	 
	 
	 
	 
	 


Minimum temperature

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

	2003
	11.4
	13
	14
	15.1
	14.1
	14.1
	14.2
	14.4
	13.7
	11.2
	11.4
	10

	2004
	 
	 
	10.5
	11.9
	9.9
	11.9
	13.1
	13
	11.9
	8.4
	7.3
	8.3

	2005
	8.1
	8
	12.1
	12.3
	13.1
	12.2
	13
	13.6
	12.6
	8.2
	7.4
	3.9

	2006
	7.9
	10.3
	10.5
	12.1
	11.2
	12.5
	13.5
	13.8
	12.2
	10.6
	8.4
	10.5

	2007
	10
	11.8
	11.7
	13.2
	13.2
	13.3
	13.8
	13.6
	12.8
	7.1
	 
	 

	2008
	9
	10.1
	9.3
	12.7
	12.5
	13.2
	12.9
	12.9
	12
	9
	7.8
	5.1

	2009
	8.4
	9.2
	11.5
	12.6
	12.1
	12.4
	13.7
	13.8
	11.7
	9.2
	5.5
	10

	2010
	7.8
	12.2
	11.9
	13.3
	13.5
	12
	13.6
	13.8
	12.3
	8.9
	6.9
	6.1

	2011
	7.5
	7.8
	10.6
	12.5
	13.3
	13.1
	13.4
	13.6
	11.7
	7.4
	9.1
	4.7

	2012
	5.3
	5.7
	8
	12.8
	11.6
	13.1
	13.1
	13
	11.6
	6.9
	6.1
	 

	2013
	6.6
	7.8
	12.5
	12.9
	13
	12.7
	 
	 
	 
	 
	 
	 


Crop water requirement (CROPWAT) of  the selected crops 

Table 48:Crop water requirement  for potato

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

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

	Nov
	3
	Init
	0.5
	0.47
	0.5
	0
	0.5
	 

	Dec
	1
	Init
	0.5
	0.92
	9.2
	0
	9.2
	 

	Dec
	2
	Init
	0.5
	1.18
	11.8
	0
	11.8
	 

	Dec
	3
	Deve
	0.56
	1.37
	15
	0
	15
	 

	Jan
	1
	Deve
	0.78
	1.97
	19.7
	0
	19.7
	 

	Jan
	2
	Deve
	1.01
	2.67
	26.7
	0
	26.7
	 

	Jan
	3
	Mid
	1.18
	3.51
	38.6
	0.1
	38.5
	 

	Feb
	1
	Mid
	1.18
	3.94
	39.4
	3.9
	35.5
	 

	Feb
	2
	Mid
	1.18
	4.35
	43.5
	5.9
	37.6
	 

	Feb
	3
	Mid
	1.18
	4.69
	37.5
	6.8
	30.8
	 

	Mar
	1
	Late
	1.18
	5.04
	50.4
	7.9
	42.5
	 

	Mar
	2
	Late
	1.1
	4.99
	49.9
	9
	40.9
	 

	Mar
	3
	Late
	0.96
	4.52
	49.7
	8.9
	40.8
	 

	Apr
	1
	Late
	0.83
	4.06
	32.5
	7.2
	23.5
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	424.3
	49.7
	372.9
	 


Table 49 Crop water requirement  for tomato

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

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

	Nov
	3
	Init
	0.6
	0.57
	0.6
	0
	0.6

	Dec
	1
	Init
	0.6
	1.1
	11
	0
	11

	Dec
	2
	Init
	0.6
	1.41
	14.1
	0
	14.1

	Dec
	3
	Deve
	0.6
	1.48
	16.3
	0
	16.3

	Jan
	1
	Deve
	0.71
	1.78
	17.8
	0
	17.8

	Jan
	2
	Deve
	0.86
	2.26
	22.6
	0
	22.6

	Jan
	3
	Deve
	1.01
	3.01
	33.1
	0.1
	33

	Feb
	1
	Mid
	1.15
	3.84
	38.4
	3.9
	34.5

	Feb
	2
	Mid
	1.18
	4.35
	43.5
	5.9
	37.6

	Feb
	3
	Mid
	1.18
	4.7
	37.6
	6.8
	30.8

	Mar
	1
	Mid
	1.18
	5.04
	50.4
	7.9
	42.6

	Mar
	2
	Mid
	1.18
	5.39
	53.9
	9
	44.9

	Mar
	3
	Late
	1.15
	5.45
	60
	8.9
	51.1

	Apr
	1
	Late
	1.04
	5.08
	50.8
	9
	41.8

	Apr
	2
	Late
	0.92
	4.65
	46.5
	9.1
	37.4

	Apr
	3
	Late
	0.84
	4.65
	13.9
	2.4
	10

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	510.5
	63
	445.9


 Table 50:Crop water requirement  for Cabbage 

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

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

	Nov
	3
	Init
	0.7
	0.66
	0.7
	0
	0.7

	Dec
	1
	Init
	0.7
	1.29
	12.9
	0
	12.9

	Dec
	2
	Init
	0.7
	1.65
	16.5
	0
	16.5

	Dec
	3
	Init
	0.7
	1.71
	18.9
	0
	18.9

	Jan
	1
	Deve
	0.7
	1.76
	17.6
	0
	17.6

	Jan
	2
	Deve
	0.75
	1.97
	19.7
	0
	19.7

	Jan
	3
	Deve
	0.81
	2.43
	26.7
	0.1
	26.6

	Feb
	1
	Deve
	0.88
	2.93
	29.3
	3.9
	25.3

	Feb
	2
	Deve
	0.94
	3.46
	34.6
	5.9
	28.7

	Feb
	3
	Deve
	1
	3.96
	31.7
	6.8
	24.9

	Mar
	1
	Mid
	1.05
	4.49
	44.9
	7.9
	37.1

	Mar
	2
	Mid
	1.08
	4.91
	49.1
	9
	40

	Mar
	3
	Mid
	1.08
	5.09
	56
	8.9
	47.1

	Apr
	1
	Mid
	1.08
	5.28
	52.8
	9
	43.8

	Apr
	2
	Mid
	1.08
	5.46
	54.6
	9.1
	45.5

	Apr
	3
	Late
	1.08
	5.94
	59.4
	8
	51.4

	May
	1
	Late
	1.03
	6.43
	64.3
	4.6
	59.6

	May
	2
	Late
	0.99
	6.75
	20.2
	0.8
	19

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	609.7
	73.9
	535.3


Table 51Crop water requirement  for Maize

	maize
	
	
	
	
	
	
	

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

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

	Nov
	3
	Init
	0.3
	0.28
	0.3
	0
	0.3

	Dec
	1
	Init
	0.3
	0.55
	5.5
	0
	5.5

	Dec
	2
	Deve
	0.3
	0.71
	7.1
	0
	7.1

	Dec
	3
	Deve
	0.49
	1.2
	13.2
	0
	13.2

	Jan
	1
	Deve
	0.77
	1.94
	19.4
	0
	19.4

	Jan
	2
	Deve
	1.04
	2.75
	27.5
	0
	27.5

	Jan
	3
	Mid
	1.24
	3.7
	40.7
	0.1
	40.6

	Feb
	1
	Mid
	1.25
	4.15
	41.5
	3.9
	37.6

	Feb
	2
	Mid
	1.25
	4.58
	45.8
	5.9
	39.9

	Feb
	3
	Mid
	1.25
	4.95
	39.6
	6.8
	32.8

	Mar
	1
	Late
	1.18
	5.05
	50.5
	7.9
	42.6

	Mar
	2
	Late
	0.9
	4.11
	41.1
	9
	32.1

	Mar
	3
	Late
	0.59
	2.78
	30.6
	8.9
	21.7

	Apr
	1
	Late
	0.38
	1.86
	5.6
	2.7
	1.1

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	368.5
	45.2
	321.5


Table 52 Crop water requirement  for Onion 

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

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

	Nov
	3
	Init
	0.7
	0.66
	0.7
	0
	0.7

	Dec
	1
	Init
	0.7
	1.29
	12.9
	0
	12.9

	Dec
	2
	Deve
	0.7
	1.65
	16.5
	0
	16.5

	Dec
	3
	Deve
	0.79
	1.93
	21.2
	0
	21.2

	Jan
	1
	Deve
	0.92
	2.31
	23.1
	0
	23.1

	Jan
	2
	Mid
	1.04
	2.75
	27.5
	0
	27.5

	Jan
	3
	Mid
	1.08
	3.21
	35.3
	0.1
	35.2

	Feb
	1
	Mid
	1.08
	3.58
	35.8
	3.9
	31.9

	Feb
	2
	Late
	1.07
	3.94
	39.4
	5.9
	33.5

	Feb
	3
	Late
	1.03
	4.07
	32.6
	6.8
	25.8

	Mar
	1
	Late
	0.99
	4.21
	16.8
	3.1
	12.9

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	261.7
	19.8
	241.1


Table 53Crop water requirement  for potato pepper

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

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

	Nov
	3
	Init
	0.6
	0.57
	0.6
	0
	0.6

	Dec
	1
	Init
	0.6
	1.1
	11
	0
	11

	Dec
	2
	Init
	0.6
	1.41
	14.1
	0
	14.1

	Dec
	3
	Deve
	0.6
	1.48
	16.3
	0
	16.3

	Jan
	1
	Deve
	0.7
	1.77
	17.7
	0
	17.7

	Jan
	2
	Deve
	0.84
	2.22
	22.2
	0
	22.2

	Jan
	3
	Deve
	0.99
	2.95
	32.4
	0.1
	32.3

	Feb
	1
	Mid
	1.08
	3.61
	36.1
	3.9
	32.2

	Feb
	2
	Mid
	1.09
	3.99
	39.9
	5.9
	34

	Feb
	3
	Mid
	1.09
	4.31
	34.4
	6.8
	27.7

	Mar
	1
	Mid
	1.09
	4.63
	46.3
	7.9
	38.4

	Mar
	2
	Late
	1.07
	4.87
	48.7
	9
	39.7

	Mar
	3
	Late
	1
	4.7
	51.7
	8.9
	42.8

	Apr
	1
	Late
	0.94
	4.61
	13.8
	2.7
	9.4

	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	385.2
	45.2
	338.3
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